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1. SUBJECT The present document presents an analysis of how SFN techniques can be plotted into the network design and engineering early steps (sites definition, selection and optimization of their engineering: power, antennas) in order to minimize CAPEX in a safe and reliable way. It is based on the conclusions of the campaign conducted throughout 2007 and 2008 by Alcatel-Lucent in the city PAU in cooperation with CNES for a DVB-SH broadcast service over the S-UMTS band 2170 MHz-2200 MHz, with a focus to indoor service design, where a) intrinsic propagation capabilities in that band were verified, establishing that SFN conditions could be met in a cellular network of a UMTS-like type (CNES 2006 report) b) every single signal contribution reaching indoor brought a positive contribution to the service capability , in proportion to their respective signal level, in the limits of Guard Interval(CNES 2006 report) c) qualitative prediction of SFN zones by standard cellular services tool used in global network engineering with intent to determine at first level the required coverage conditions (sites) and the proffered quality of service (global indoor service coverage prediction) (such as Alcatel-Lucent’s A9155), completed with best in class detailed raytracing SFN computation enabled tools (such as AWE PROMAN and ATDI’s ICS TELECOM), allowed the selection of precise locations where SFN effects could be best evidenced (refer to [RD] 7 ALCATEL-LUCENT MOBILE BROADCAST AGMTS-AMBSIV-002 December 12th, 2007 S-UMTS band radio propagation performances evaluation – SFN over DVB-SH field measurements report) d) SFN benefit was evaluated indoor, where ultimately the critical performances in sensitivity (low Rx values) and radio environment complexity (Rayleigh-type) conditions are met; actual resulting composite signal was effectively perceived by terminal as the exact addition of the separate components, and this was effective with excellent statistical adherence across the complete indoor location ([RD] 7) The present document analyses how one may turn those results into effective, simple, and practical parameterization of link budgets for budgetary pre-dimensioning of CAPEX, and the level of confidence one may expect when actuating the effective deployment and service prediction using SFN computation enabled tools. In addition, CNES conducted complementary radio impulse response measurements in Toulouse 2006, Auch 2007 and Pau 2008; these measurements have helped characterize propagation effects at the sheer physical layer, while providing some collateral confirmation of usual propagation parameters at 2GHz.
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2. REFERENCE DOCUMENTS [RD] 1 AGMTS-AMB-ICD-004 version 1.7 - AGMTS DVB-SH implementation for first demonstrators-Alcatel-Lucent group [RD] 2



DVB-SH Implementation Guidelines – ETSI TS 102 594



[RD] 3



AGMTS-AMB-TN-003 du 11/10/2007 – Reference DVB-SH values- Alcatel-Lucent



[RD] 4



DVB-SH waveform – ETSI EN 302 583



[RD] 5 ALCATEL-LUCENT-Carriers Business Group-Network Design Competence Centre 3DC21151 4312TQZZA ed2 Radio Network Planning for DVB-SH trial in PAU [RD] 6 ALCATEL-LUCENT MOBILE BROADCAST AGMTS-AMB-MTV-ASP-TR-746 ed6 December 11th, 2007 Mobile TV performances verification – Test report [RD] 7 ALCATEL-LUCENT MOBILE BROADCAST AGMTS-AMB-SIV-002 December 12th, 2007 S-UMTS band radio propagation performances evaluation – SFN over DVB-SH field measurements report [RD] 8 ALCATEL-LUCENT-Carriers Business Group-Network Design Competence Centre 3DC21151 4307 TQZZA ed1 October 27th, 2006 SFN gain characterization for DVB-(S)H in Sband [RD] 9 ALCATEL-LUCENT-Carriers Business Group-WCDMA/WNE/RFEFE/DVBSFR01 dated September 28th, 2007. DVB-SH SFR PAU – Analyse de couverture [RD] 10 ALCATEL-LUCENT Mobile Broadcast- SFR DVB-SH field trial in Pau Phase 2 Trial report - AGMTS-AMB-SIV-015, ed1, December 31st, 2008. [RD] 11 CNES- Hybrid single frequency network: propagation channel measurements @ Sband, Pau 2008 and Auch 2007, presentation at DVB-TM SSP November 13th, 2008.
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3. SFN IN FIELD PROBLEMATICS



3.1 Signal level including SFN gain Immediate experience to field testers is that all radio parameters fluctuate immensely from one spot to another, obviously from one part of the network to another one, but, unfortunately, at much smaller scales as well, from one part of a street to another one, depending e.g. on street bends and curves outdoor, and indoor, from one room to another one, and from one part of a room to another one. Quality of coverage is hence a purely statistical view which must feed on field experience feedback to teach and tune network planning tools, in order to bring the needed reliability bridging between global planning equations and the multiple faces of reality in the field. The radio network planning cellular tools such as AWE PROMAN and ATDI’s ICS TELECOM have in the very recent years accommodated SFN plotting facilities. Network planning coverage directly computes the resulting combination field proffered by the global network, evidencing zones where service is guaranteed. Visualization of service planning effective coverage can be done at two different scales 3.1.1 Large scale maps of signal level and service coverage Detailed radio planning provides high level visualization of provided service level resulting from a given network planning (sites distribution, emission Power Amplifier, indoor engineering losses, antenna structure and emission gain, tilt….); this allows checking the consistency of the network architecture versus the targeted coverage.



Figure 1 displays just such a map elaborated for the PAU trial. For these large scale mappings, the detailed view of clutters is not relevant, and planning is conducted with outdoor available Rx level. Service capability is dependent on the receiver characteristics, the waveform and for indoor, penetration budgets that vary with the environment specifics; these items assembled within a Wholesale Service Link Budget (see [RD] 5, chapter 4), this allows to determine the “required Compound Rx (CRx, or Rx Design Level) power level for network planning”, which is an outdoor value, and hence to view the service coverage. Maps can be obtained with and without SFN (see: Figure 1 and Figure 4 respectively, and difference between both: Figure 5), producing as indicators for a given service threshold the corresponding surface satisfying the threshold criterion; however this is entirely project/context dependent and does not provide a value of SFN effect to be taken into account as entry into Wholesale Service Link Budgets.
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Figure 1 : Global Rx level prediction in the PAU network including SFN prediction Figure 1 corresponds to the following Wholesale Link Budget (full details in [RD] 5 chapter 4) Source: Emitter: 10W/5Mhz; typical in-building emission site engineering: rounded 4 dB for cable loss and diplexer loss for UMTS antenna sharing; Antenna: tri-sector, 17dBi, tilts in the range of 4°-8° (full details per site in [RD] 5 cha pter 5) Propagation: S-UMTS band 2170-2185MGHz, Cost 231-Hata model with K1=138.1, K2=35.2, and Kc dependant of the environment (DU=-3, U=-8, SU=-10, RU=-20) SFN automatic computation, Resulting in available Rx power outdoor in the range of -76dBm. Then project/measurements campaigns expectations are set depending on the targeted service: modulation and coding variants, indoor requirements, reference terminal etc …Examples:
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- 16QAM 1/3, indoor 90%, reference AGMTS (=SAGEM) DVB-SH terminal with diversity2, meaning –91.7 dBm at receiving antenna indoor and -74.2 dBm Outdoor: light yellow in Figure 1, and green in Figure 2 here below:



Figure 2 : Indoor coverage in 16QAM 1/3 - QPSK 1/3, indoor 90%, reference AGMTS (=SAGEM) DVB-SH terminal with diversity2, meaning –95.1 dBm at receiving antenna in and -77.6 dBm Outdoor: light green in Figure 1, and green in Figure 3 here below



Figure 3 : Indoor coverage in QPSK 1/3
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Figure 4 : Best server Rx level prediction in the PAU network (MFN)



Figure 5 : SFN Gains = difference SFN-MFN Rx level
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3.1.2 Detailed maps of signal level and indoor service coverage prediction including SFN gain The following map Figure 6 gives the detailed indoor service coverage prediction at 16QAM1/3, corresponding to the –91,7dB 90% indoor/ -74.2 dBm outdoor isocline; 16QAM 1/3 is the DVBSH link budget reference modulation for a 1-to-1 UMTS dense urban model



Figure 6 : Detailed Coverage prediction from network planning over PAU (AWE PROMAN) (Indoor, 90%, 16QAM 1/3)
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The related SFN gain map Figure 7 is built on the difference between the SFN planning with all sites on and a best server map of sites (i.e. with SFN). In this figure the SFN gain is scaled as follows: in blue the areas with SFN gain less than 3dB, in green areas with a significant SFN gain (between 3 and 4.7 dB), in orange areas with high SFN gain areas (more than 4.7 dB, typically more than two sites involved in the macrodiversity effect). For some areas, the matching between multi UMTS scrambling codes footprint and high SFN gain is quite good: Both maps for instance show that the area in the middle of the map (La Pépinière social centre) is favorable for SFN gain measurements.



Figure 7 : Detailed SFN gain prediction from network planning over PAU (AWE PROMAN)
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Figure 8 : Zoom on one high SFN area NB : the building on the red circle was selected for SFN gain measurements (La Pépinière).



However, even if such enhanced radio network planning tooling can provide relatively reliable detailed SFN prediction as shown here above, it is quite difficult to get from this approach a simple quantitative value of the macroscopic SFN gain that could be directly used in the Link Budgets. In order to get that, one needs to better characterize the SFN effect in a specific and structured approach that will be developed now.



3.2 Identification of the optimal SFN gain zones In recent tools such as AWE PROMAN and ADTI ICS TELECOM, SFN plotting is incorporated in the available Rx signal prediction; a view of the SFN contribution to the link budget efficiency All rights reserved, 2009, ALCATEL-LUCENT



100181548L-FR



MTV



REFERENCE : AGMTS-AMB-SIV-004 DATE : March 20th, 2009 ISSUE :



02



Page :15/64



is obtained through an additional computation run that plots for each spot the Rx prediction taking into account only the MFN component, on the basis of the point-by-point “best server” value. SFN maps can then be obtained directly from the tool, where it “subtracts” the MFN part from the global SFN-enabled prediction.



Figure 9: SFN plotting over PAU (AWE PROMAN) This clearly evidences that no simple conclusions can be drawn from high level control of SFN network planning alone a priori. SFN gain values have complex interaction with the specific environment, and SFN network computation does not intuitively give indications whether SFN benefit actually maps itself where it is needed, meaning border cell zones, where signal gets poor and additive values definitely change performance. In fact, “SFN computation” entails an intrinsic difficulty, in that it takes as reference the “best server”, which is very different to determining critical zones in network coverage. This results in that SFN views can be misleading, the which can be checked on above maps. One sees that areas immediately around emitters display a zero SFN; this is about natural, these are zones where the reference local emitter will serve coverage all on its own; distant contributions are small to the point that they don’t even show at all.
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A local approach to SFN characterization appears as mandatory. 3.3 SFN gain, general model based on the network’s engineering All in all, SFN critical zones correspond to border cell conditions; in a tri-sectored network, cells are built with three hexagons, border cell is their perimeter, and linear optimization theory establishes that minimal values are met at summits; hence summits only need to be considered, while between summits zones will always provide enhanced conditions with higher signal values; theoretical mapping leads to distinguishing two types of hexagon summit network cases: a) b)



direct overlap of two cells, meaning coverage border cells : SFN ind2 zones (black) direct overlap of three cells, meaning inner coverage cells : SFN ind3 zones (green)
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Figure 10 : Cell borders, triple and double points; green arrow gives cell “radius” R
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Overall distribution of triple points is better seen in the following schematic Figure 11, which evidences the overlapping of cells, with one cell being represented by a disk (with its internal structure as of Figure 10)
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Figure 11 : Full network paving with cells, and border zoning (6) triple points
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Network conditions apply differently in both cases. As a general model we will use the following notations and equations: The effect of the antenna pattern can be represented as follows: • D(P) being the energy density emitted from the source • AG(ø) being the antenna gain at azimuth (ø) from the antenna specific pattern • Fe(x) being the propagation amortization, environment (e) [dense urban, urban, suburban, rural] specific S(x,ø)= D(P)* AG(ø)*Fe(x) S[@x, ø]dBm= D(P)dBm + AG(ø)dBi + Fe(@ x)dB S[@x, ø]dBm= [D(P)dBm + Agmax/dBi+ Fe(@ R)dB ] - [Agmax - AG(ø)]dBi + [Fe(@ x) -Fe(@R)]dB And for any cell border point S[@x, ø]dBm= K(radio network)dB - [Agmax - AG(ø)]dBi (ant. pattern)+ [Fe(@ x) -Fe(@R)]dB (border point) With the usual Okomura-Hata propagation equations we have Fe(@ x/2) dB ~ Fe(@ x) + 10,0 dB Fe(@ x√3/2 ) dB ~ Fe(@ x) + 2,2 dB Fe(@ x3/4 ) dB ~ Fe(@ x) + 4,7 dB O p tim al D istance B etw e en Site (D V B-SH w ith SFN gain )
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Figure 12 : SFNint2 & SFNint3 points and intra-network distances
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The actual cell structure directly corresponds the shape of the antennas patterns, with triple and double points being located mirror-wise around that profile:
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Figure 13 : Antenna pattern & Sector directional gain at double & triple points re [RD] 8
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3.4 SFN gain, network engineering model customization to the Pau trial case



With the typical antennas used at PAU, we have (see [RD] 5)



AG (120°)~ AG(90°) –3dBi AG (150°)~ AG(90°) –10dBi



Hence for the individual contributing signals in the typical PAU engineering, with R being the maximal sector extension = cell radius” S(R, 90°) = D(P)dBm+Agmax +Fe(@ R)dB



S[@R√3/2,120°]dBm= {D(P)dBm+Agmax +Fe(@ R)dB} - [Agmax - AG(120°)]dBi + [Fe(@ R√3/2) -Fe(@R)]dB S(R√3/2,120°) ~ S(R, 90°) -3dBi + 2d B S(R√3/2,120°) ~ S(R, 90°) - 1dB



S[@R/2 , 150°]dBm= [D(P)dBm + Agmax+ FE(@ R)dB ] - [Agmax - AG(150°)]dBi + [Fe(@ R/2) - FE(@ R)] dB S(R/2,150°) ~ S(R, 90°) -10dBi + 10dB S(R/2,150°) ~ S(R, 90°)



Indeed approximately signal would be roughly the same at the theoretical cell border, with triple points expected to be absolute Rx minima.
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3.4.1 At the triple point between three cells (SFN ind3)



Theoretical signal is Rx(tp)=3*S@R√3/2



(with x=√3/2 and ø=120°)



this is the entirely symmetric incoming signals case, global incoming signal being built-up from individual sectors of three different cells, and thus best corresponding to core network conditions; this is created from network planning consistency only; total Rx(tp) at the triple point is: 3*S[@x√3/2,120°]dBm= 3* K (radio network)* ratio AG (120° /90°)*ratio Fe(R √3/2//R) 3*S[@x√3/2,120°]dBm= 4,7dB +{D(P)dBm+Agmax +Fe(@ R)dB} - [ Agmax - AG(120°)]dBi + [Fe(@ R√3/2) -Fe(@R)]dB



With the PAU trial equipments: Rx(tp)dBm ~ 4,7dB + K (radio network)dB – 1dB



Rx(tp)dBm ~K (radio network)dB + 3,7 dB



In practice, the radio topology leading to these points is uniquely dependent on the actual propagation conditions and real, physical obstacles such as buildings height and orientation versus the direction of lighting “rays”; real core network conditions would provide a variety of these and the redundancy of “external layer” sites could be expected to smooth out the surrounding radio profile, leading to “Rx wells, wherefrom one could expect global Rx level to rise up in any direction



As comparison, a single sector, single cell Rx level at S(R3/4,90°), hardly a little inside the cell, and forgetting any SFN effect would still be visibly higher , as it would be approximately Fe(@x3/4 ) dB ~ K (radio network)dB + 4,7 dB
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3.4.2 At the double point between two cells (SFN ind2) Theoretical signal is Rx(dp)=2*(S@R/2,120°)+1*(S@R; 90°) Global incoming signal is built up from two sectors of one same cell (inter-sector SFN) and one from a different cell, all @cell border conditions, hence resulting likewise in theory with SFN gain 4,7dB; 2* S@R/2 + 1*S@R = K(radio network)* [2*ratio AG(150°/90°) * ratio Fe (R/2//R) + 1] This is created by combined effects from antenna pattern and from network planning consistency; For the double point we have two types of signal, two along a 150° azimuth and one at 90°, with 90° as straight ahead direction, AG(90°)=AGmax , With the PAU trial equipments: Signal type S@R/2 : X=R/2, ø =150 °, 2*S[@R/2 , 150°]dBm= 3dB + S(R, 90°)dB - 1dB= S(R, 90°)*1,5 And the combined signal level at the double point is : = S(R, 90°)* 2,5= S(R, 90°)dBm +4dB Rx(dp)dBm ~K (radio network)dB + 4 dB In practice, the radio topology leading to these points is hugely dependent on the actual antenna patterns, and one might expect that those proffer in reality enhanced sector overlap, hence higher signal contributions from the two-sector part, while the straight loss due to sheer (R/2)/R distance differential being in the range of 10dB, would still dominate the theoretical cell radius at the basis of the network paving; Therefore in the real network one might expect from effective dispersive antenna patterns that these points be bathed in higher Rx values on about 2/3rds of the horizon (dominated by the intra-cell dual sectors), hence evidencing some anisotropy in the Rx conditions in their immediate vicinity. As comparison, a single sector, single cell Rx level at S(R3/4,90°), hardly a little inside the cell, and forgetting any SFN effect would still be visibly higher , as it would be approximately Fe(@x3/4 ) dB ~ K (radio network)dB + 4,7 dB 3.4.3 SFN gain prediction in the Pau trial case From the above computations, it results that in the Pau network, the antennas technology brings a correction factor to the SFN efficiency in both types of cell limit conditions versus the theoretical overlap values of RX and practical SFN in field



should be expected in a 3,5dB/4,0dB bracket.
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3.5 Representativeness of the PAU trial network The overall architecture of the trial zone and the resulting coverage prediction overview is given by Figure 1; it comes out easily that with its sites largely in a string and three of them standing out (Universite, Morlaas, Billere) the PAU DVB-SH trial network is very different of a theoretical global network. Hence the global SFN effect of a full size network will be under-estimated, as there is largely no “outer” layer of sites. On the other hand, the location potentially provides near-pure isolated cases such as threecells, and two-cells, borders.



All in all, the PAU network is very instructive in that it clearly shows the domineering rationale of the global network extension, with of course two obvious cases. As the PAU DVB-SH trial network is not at all representative of a theoretical global network, we can evidence there configurations where real life situations will allow to appreciate the full complexity of full network radio propagation a) SFN capabilities in network core zones as between PAU University, PAU Ville, PAU Centre-Ouest and PAU Gabard, where site density is obviously more than needed and topology not ideal b) SFN capabilities in network border zone as between PAU Ville and Pau Morlaas, where global network multi-neighbouring effect does not exist



c) Network boundary conditions, where cells just melt into nothingness, as at PAU Morlaas, and global SFN hybrid satellite/terrestrial can be evaluated



The counterpart is that measurements locations within the covered zone must be selected very carefully. The several cases made apparent in the Pau trial network are analysed and discussed here below. Actual measurements will tailor the service availability depending on the modulation (QPSK, 16QAM) and coding rate (1/3, ½….) used for the configuration.
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3.6 SFN gain verification protocol: preliminary conclusions, field measures precautions Conclusions on evaluating the Global Network Macro-diversity gain for DVB-SH network macroplanning to be introduced in link budgets for budgetary estimations: a) “Straight” SFN gain is not fully describing network facts, it takes a more complex approach that involves actual signal level from all sources, the “Global Network macrodiversity gain” b) “SFN gain computation” by network planning tools such as AWE PROMAN or ATDI ICS TELECOM, which is direct summing of all sources versus the “best server” signal level, will give an appropriate prediction of the “Global Network macro-diversity gain” c) In order to conduct field measurements of the “Global Network macro-diversity gain”, tools prediction must be VERY carefully calibrated, in order to ensure adequate relevance of measurement zoning; inadequate calibration can result in shift of “SFN gain computation” by tools BY SEVERAL TENS of meters, and even over 100m of typical zones d) no simple drive test nor sampling measures indoor will produce representative Network macro-diversity gain values; measures must be targeted to specific zones expected to present the characteristics of double points and triple points e) the limited extension of the PAU configuration provides for optimal chances to identify “realistic” cell border conditions, clean of “Global Network” macrodiversity gain effects f) the reliability of antenna patterns must be carefully checked, as they condition actual service and especially SFN terms at “double” points involving sectors overlaps. g) No simple conclusion can be drawn from high level control of network planning alone a priori; SFN gain values appear as a kind of fractal surface, and SFN network computation does not intuitively give indications whether SFN benefit actually maps itself where it is needed, meaning border cell zones, where signal gets poor and where additive values will definitely change the network planning performance.
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Figure 14 : Network paving minimization with SFN
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4. SFN INDX ZONES IDENTIFICATION 4.1 Network dimensioning expected coverage with a flat SFN value and High Level Network planning Reference Cell border zones within the Pau trial zone Network planning was done with A9155; this tool can only accommodate a flat SFN value, taken in this initial exercise at 3dB for historical reasons. That being precisely “flat” does not influence the capability for a high flying prediction of SFN zones, their occurrence, and their complexity. Service coverage early views and relevance of the site selection is achieved through high level radio network planning. All sites are in general plotted to identical emission power, and this is what is reflected by the following map: Cell borders overlap+sectors overlap prediction with 3,0 dB SFN flat Map legend:



    



Light red : areas covered by 1 repeater Blue : overlap of 2 repeaters Orange : overlap of 3 repeaters Dark red : overlap of 4 repeaters Black : overlap of 5 repeaters



Zone 1



Zone 2



Figure 15 : A9155 DVB-SH trial zone radio planning with SFN 3,0 dB (flat) assumption
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High level radio planning with A9155 identifies several categories of zones a) A9155 plots the frontier zones between sectors of one single cell as SFNind2 zones; these overlaps are meant in the antenna pattern design in order to fill up the intermediate zones b) Zone 1 is a typical SFNind3 zone lighted by Pau Universite, Pau Ville, Pau Gabard; the border of network environment on the North side of the trial zone is a clear hint that SFN conditions met in Zone 1 will be an underestimation of a real core network SFNind3 zone c) Zone 2 is a typical SFNind2 zone lighted by Pau Ville and Pau Morlaas; zooming SFN conditions should in that zone display the networking at a two cells overlap of a reference case with fairly large suburban cell radius, two cells rotated 60°, involving right in the SFN zone a combined SFNind2 and sector frontier effect



Note: a same view of A9155 radio planning map WITHOUT the SFN “flat parameter “ value method would have shown multiple sources zones almost extinct, and sectors overlapping zones much reduced
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4.2 Reference “real” cell-border zoning within the Pau trial zone Cell border zoning where SFN conditions are met, in the case of a one-to-one overlay condition with the UMTS operational network, can be precisely defined and located in the field in the overlapping zones between cells using the well-proven methodologies of long usage in UMTS networks that identify at a given spot each of the cells that a terminal will actually be able to contact (“simultaneous Radio Links” of the MBMS service). The following map gives a very detailed mapping of these multiple RLs zones tracking the very same 7 sites used by the DVB-SH trial network. These measurements were conducted in PAU over about three weeks during August 2007 by a team of Alcatel-Lucent’s Wireless group, using a procedure described in [RD] 9.



 



Red : areas with multiple signals Green : areas with single signal



Figure 16 : Cell border zoning within the PAU trial zone
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1. There is an excellent correspondence between the SFN zones predicted by the high level A9155 network planning of the DVB-SH service and the multiple RLs zones of the UMTS service; 2. While the multiple RLs zones real field mapping gives an accurate view of inter-cells overlapping, the A9155 plotting gives in addition a view of the overlapping effect of antenna patterns between sectors; this overlapping effect should guarantee that SFN benefit would be present to the extremity of the paving effected by the sectors, thus ensuring that actual minimum signal values WOULD NOT BE at the triple point of the three-sectored maps; to the contrary those triple points would benefit from the dual SFN effect of sectors overlaps from the three concurring sectors and from the three cells overlaps One concludes that SFN effect would create at the level of triple points “SFN hot spots” where one should evidence high levels of SFN; or in short that for SFN based networks, the border zones would effectively benefit from significant protection from low levels of signals



3. NOT Including the benefit of the macro-diversity gain at 4,7 dB, the link budget of the configuration installed in PAU gives the following prediction of service thresholds for the test tool (that included a diversity 2 capability) used in the PAU trial See Link Budget in RD[9]: Reference required network Planning Rx outdoor level for 90% indoor 16QAM CR1/3: -74,2dBm for 90% indoor QPSK CR1/3: -77,6dBm
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5. SFNIND3 ZONES REAL SFN GAIN: ZONE 1 5.1 Global SFN Configuration in the trial area analysis and zone selection for the detailed investigation This zone features a typical core network signal conditions with high SFN predicted values ≥ 4,5dB found at the summits of the theoretical paving, which are of two types 1) at the triple point between three cells : theoretical signal is 3*S@R√3/2 ; this is the entirely symmetric incoming signals case, resulting signal being built-up from sectors of three different cells; this results from network planning consistency only 2) at the double point between two cells: theoretical signal is 2* S@R/2+1*S@R; incoming signals are built up from two sectors of one same cell and one from a different cell, all @cell border conditions; this results from antenna pattern and network planning consistency Red and blue circle zones have been used in outdoor measures during Pau Phase 2 .



Figure 17 : Detailed view of SFN plotting around Zone 1
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5.2 SFN Configuration analysis and measurements protocols in Zone 1 In the selected zone in Figure 17, one observes that SFN expected values constitute a large band in the range of 100m or even much higher, poised between the northern site (University) and the three southern sites (Ville, Gabard, Centre) with values higher than 4.5dB 5.2.1 Pau Phase 1 SFN measures strategy and protocol For the Pau Phase 1, the SFN measurement strategy and protocol have been centred on a single building, and network planning purpose was focused on its indoor part; thus Rx planning and coverage were determined with AWE Proman on the basis of Rx Radio Planning level (outdoor) fit for complete indoor coverage with a 90% QoS criterion. We selected in cooperation with the Pau City Hall the location of La Pépinière (in the lower part of the Blue circle zone), targeted right inside the Zone 1 area (more precisely in the square area delimited in there), in a spot where widely light/deep orange, meaning 4.5 to 6.0 dB “full network“ SFN. The location consists of a modern construction (70s…) building on two levels ground+first floor, limited height , currently used for child care (see picture, Appendix B).



Two types of measures were conducted on that location: -



indoor SFN measures in a carefully selected room for multiple source signal detection (from three sites, in practice, four although one quite weak), with power tuning so as to create absolutely realistic indoor cell limit conditions and thus be able to appreciate SFN behaviour at very low power (at Rx sensitivity level), maximal distance and multiple reflexions along the path These measures and their extremely positive results are detailed in section 7



-



outdoor SFN measures around the building, which is more or less in some homogeneous surroundings with respect to its immediate vicinity all round



These measures and the related work did not produce any conclusive values for network design, they however definitely helped in making progress the notion of SFN at the level of a zone, and what to expect from outdoor measurements along “random” path, i.e. not positioned with high precision versus radio network planning
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The detailed SFN configuration around the measurement location at La Pépinière is built from a succession of mappings following the hereafter protocol: a) a first set of measures establishes the Rx level ensured around the location from each individual site; In the La Pépinière location, radio planning predicts indeed the area as a near-SFNind3 zone, due to the peculiar orientation of antennas in the neighbouring sites; in the general case, if the building is appropriately located at a SFNind3 zone, the reference emitter source will change around its perimeter; this is precisely what one sees around La Pépinière see the successive individual emitter maps in Appendixes B-1 to B-4 Effective received signals around the building, with all originating sites all set at 44.8 dBm, which is the “regular” engineering of approximately homogeneously distributed sites are as follows,: Pau GABARD (G): surrounding Rx level ranging –76 through –80 dBm Pau UNIVERSITY (U): surrounding Rx level ranging –76 through –82 dBm Pau CENTRE OUEST (CO): surrounding Rx level ranging –77 through –85 dBm Pm Pau VILLE (V): surrounding Rx level ranging



–79 through –87 dBm



This confirms the excellent reliability of the SFN enabled radio network planning once calibrated, and the homogeneity and representativeness of the La Pépinière surroundings. - maximum Rx levels (ranging -76dBm through -77dBm i.e. a 1dB variation for the three main sites Gabard, University, Centre Ouest); such as narrow variation is exactly what proper radio planning should achieve - these values are in a very close range of the target Minimum Network Planning Rx outdoor level for indoor service INCLUDING SFN GAIN 4.7dB, which in the case of the test tool receiver used for the measurements is according to the reference link budgets: -74.2dBm for 90% indoor 16QAM CR1/3, and -77.6dBm for 90% indoor QPSK CR1/3 in SFN mode; Non SFN would require better Rx thresholds by precisely 4.7 dB, hence -69.5dBm for 90% indoor 16QAM CR1/3, and -72.9dBm for 90% indoor QPSK CR1/3 in SFN mode; - minimum levels are more dispersed (-80dBm through -85dBm), due to “shadowing” differences due to orientation of the La Pépinière building and its immediate neighbours versus lighting on the one hand, and the effect of different antenna heights, on the other; this is also to be expected as that criterion is not optimized by the radio planning, overlapping of respective coverage zones is the solution.
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b) Next step would be a theoretical verification through a measurement of service availability for which the prediction would be - none of the individual emitters would provide anything but purely random and punctual service, and in significant parts, totally nil - the complete network would provide improved consistent service in a predictable way c) This protocol has been implemented for INDOOR SFN; conclusions are presented at section 7; for measurements precision, reliability and ability for reproduction, actual measures were done with only two emitters; results are quite in line with expectations



d) For OUTDOOR SFN, with the existing network set-up intended for INDOOR - The above protocol has no significance whatsoever as coverage was defined for indoor, and hence service coverage as a baseline, is quite good all around - this does not provide any quantitative evaluation of SFN gain; such an evaluation would have needed continued emission power over a very big range of emission power (lowering emission power by some 20dB, thus getting quite of nominal use of equipments), and this was anyway totally unpractical due to lack of remote capability to configure the prototype SH emitters. Nonetheless a first try at SFN gain estimation even in these conditions can be conducted. The exact SFN definition applies strictly at the level of each point and is simple enough at this microscopic level; this notion fits quite readily with indoor contexts, and that was, with the help of proper tooling and methods, quite satisfactorily addressed, demonstrating that whatever comes in from the network is properly combined at the required very low levels. However, the question remains entirely open of the reliability of just what the network effectively brings at a given spot, and this is highly volatile, because of physical granularity; this is exactly what network design parameters such as “standard deviation” are used for, they are a constant introduced in the dimensioning introduced to account for the unpredictable hazards of propagation. Now, versus those hazards, SFN should bring in at a macroscopic level several “smoothing” features that should make it visible: 1- precisely, effective standard deviation on the SFN signal detection should be reduced versus the one applicable to single source signal detection; a macroscopic indication of that would be that the gap between higher values and lower values in the coverage should be lower for the SFN compound signal than for the single source ones (provided all individual contributions are sufficiently “regular”, hence without anomalous “hot spots” nor “dark spots”, the which can be checked through radio planning maps, see below) 2- when using a Minimum Network planning Rx signal value outdoor for non SFN prediction, effectively measured SFN Rx should be higher by a margin at least equal to the SFN gain with a predefined statistics level than the single source Rx
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nota bene: this requires extremely precise measures, as this supposes to acquire the SFN signal, and the several single source signals, at a large of locations, with excellent reliability and stability and we must admit the understanding of requirements was insufficient at the time of measures and hence protocols used were not able to produce these results in a deterministic way; however, as will be shown this should be true globally, but also for limited ranges of values, such a the higher values provided, compound versus single, or the lower values provided, compound versus single 3- when SFN Rx value will be close to the expected threshold Minimum Network planning Rx signal value outdoor for non SFN+ expected SFN gain, one should observe several occurrences where actually all single sources are very close (although of course this will be only at very precise and probably very limited positions, and not at all generally; it will be exposed at section 9 what we encountered and the type of measurements that enabled it. 5.2.2 Pau Phase 1 “first shot” at SFN outdoor protocol The first step of this try has been careful examination of the SFN outdoor conditions build-up, to avoid the risk of blurred data through “hot spots” or “dark spots” being situated on the path. a) For the sake of insight, successive steps in radio planning have been built, lighting the sites one after the other according to the (quite grossly) approximate rank of them in decreasing order versus their Rx power, starting from the site of Gabard, to the which zoning the La Pépinière building area mostly belongs (see maps in Appendixes C-1 to C-7), then University then Centre Ouest, then Pau Ville Careful examination of the maps enables a vision of just how the overlapping of the several emitters fills in the complete site, and also displays how the hot spot just north of the target zone is generated, created by a set of two large buildings at right angles. Preliminary conclusion was that the Rx conditions around La Pépinière did not present obvious anomalies b) then the global network has been set–up, following the steps followed in radio planning “Picture” of the obtained SFN progressive build-up: Pau (G): surrounding Rx level ranging Pau (G)+(U):



–76



through – 80 dBm



surrounding Rx level ranging SFN improvement



–73.4 through – 78.4 dBm 2.6 through 1.6 dB



Pau (G)+(U)+(CO): surrounding Rx level ranging SFN improvement



–71.9 through – 75.6 dBm 4.1 through 4.4 dB
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This is the sheer triple point actual, including the specific masking effects Pm Pau (G)+ (U) + (CO) + (V) : surrounding Rx level ranging SFN improvement



–70.5 through – 74.8 dBm 5.4 through 6.2 dB



c) “First shot” at measures interpretation over outdoor paths We have used above the wording “SFN improvement” as this is obviously not the same as “SFN gain”. First point is that, addressing a “zone”, the “contour” around that zone, which will ultimately be translated into a measurement path, is constantly inside one of the cells, and thus the reference signal is permanently up and down, but higher than at cell border conditions, and the same for the other signals, but they are permanently lower than at cell border conditions. Thus measurable SFN through a “circuit” or “path” is ALWAYS lower than the optimal value of 4,7dB coming from geometry; that does not mean that the network engineering value for SFN should not be 4,7dB, it is just that SFN values change continuously and are MOSTLY lower than the network engineering value. Basically, at a contour located in a SFNind3 zone, the reference emitter will shift from one to another emitter roughly with a logic of 120° sector s. That is simple enough on the principle. Now looking at the frontier zones between the said sectors



1) a first try is to analyse the evolution of the maximum received signal; we have seen higher up that the corresponding values from each single emitter are very close, in a range of one single dB for the three “neighbouring” cells of this SFNind3 zone, and they are the target values aimed at by the radio planning (there is a contribution some 3dB lower from a fourth site) The first three cells combined give an improvement of 4.1dB We believe, provided the surroundings of the selected area’s “contour” are “reasonably” homogeneous and global propagation to the said contour is “reasonably” isotropic from the several emitter sites, that this approach gives a flavour of effective SFN benefit in a global area. Of course, the radio planning exercise is paramount in determining whether the selected area will be proper to evidencing the effects.



2) a second try is to analyse the evolution of a macroscopic reformulation of the “local” definition of SFN, that we will call hereafter macro-diversity SFN being a purely notion, checking the network SFN value over an area or along a contour takes computing the SFN value everywhere and take the minimal value; a way not to bother
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with such heavy measurements is to estimate an undervalue of the SFN , which is obtained through the following formula: Macro-diversity gain = Min [ (Rx(s) (n emitters) ]@contour – Max [ Min [ (Rx(s) (n emitters) ] ]@contour



Hence * SFN { (s), all contour points } * SFN gain@contour ≥Macro-diversity gain@contour



With the above measurements re Pau (G)+(U)+(CO), one gets: -



-



Min [ (Rx(s) (n emitters)]@contour = -75.6dBm Min [ (Rx(s) (n emitters)]@contour = Max [-80dBm; -82dBm; -85dBm] = - 80dBm SFN gain≥ 4.4dB



Contrary to actual SFN gain, Macro-diversity can be very easily characterized through field measurement, whichever the type of the zone, and guarantees a minimum value applicable for network planning in that zone. 5.2.3 Pau Phase 2 SFN measures strategy and protocol For the Pau Phase 2, the SFN measurement strategy and protocol has been focused on OUTDOOR and has been coupled with diversity 2 measures. Network planning purpose was focused on the conditions of diversity OUTDOOR, hence signal level was much lowered versus the conditions set up for Pau Phase 1, in line with the receiver tool sensitivity limit with diversity, around -95 dBm, roughly 20dBs lower than the Phase 1 values (see Rx plot in section 9). Measures were conducted on foot, at pedestrian speed between 2 and 3 Km/h, with precise geo-localisation based on GPS, so that Rx measures could be mapped with precision along the paths. We selected two paths, one roughly 400m long around the very same La Pépinière building (located by the blue circle in Figure 17, detailed path configuration in section 8; the other 900m long presenting a more diversified succession of surroundings, but still in the same SFNind3 Zone as the La Pépinière building, a few hundreds of meters away (located by the red circle in Figure 17, detailed path configuration in section 9). Detailed results on the basis of the latter path (called “IZAR”), that fully confirm the estimations established on the basis of PAU Phase 1 are presented in section 9.
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6. SFNIND2 ZONES REAL SFN GAIN: ZONE 2 6.1 Global SFN Configuration in the trial area analysis and zone selection for the detailed investigation This zone features a typical border network cell context, with an extensive line border where signal will be fairly high and SFN close to the theoretical 3dB, and northern/southern horns where the un-shielding of “second layer” emitters (Northern: Pau University; Southern: Pau Gabard) will yield low signal/high SFN spots 6.2 Related measurements No measurements have been made in this type of context.



Figure 18 : Detailed view of SFN plotting around Zone 2
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7. “LOCAL” SFN GAIN: INDOORS, PAU PHASE 1 RESULTS 7.1 Indoor measures process • Tests are done in a room; two emitters that have been tuned to produced roughly similar signals within the room; • The expected SFN gain is estimated from computations run over the average Emitter 1 and Emitter 2 Rx powers over the reference measurement path • Effective SFN behaviour of the receiver is obtained through measurements over the reference measurement path, with a resolution to the second (1 second); the actual Rx level values are a mean value for each second out of a plurality of samples picked out every second (a few tens, typically 40) of successive measures per second achieved respectively and in simultaneous way for sources 1/2/1+2. • Measures are done are done continuously while moving along the reference measurement path; speed is about 2m/mn • SFN gain is obtained through the plotting of improved QoS obtained over the reference measurement path; 7.2 Indoor SFN, results. This process has established an excellent correspondence between expected and obtained SFN gain values (blue arrow). See [RD] 7 for details.



Figure 19 : SFN indoor verification Pau Phase I
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8. SHORT RANGE SFN: “NETWORK BLOTCH” SFN, OUTDOORS, PAU PHASE 2 8.1 Global SFN Configuration in the trial area, analysis A “network blotch” will be a small scale zone with two characteristics of homogeneity: - Internally, e.g. it is a building, or a square with trees, or a full open space, but not a several types - Externally, the surroundings in all directions are somewhat homogeneous, i.e., a equivalently large avenues around a building of a square, or to the contrary similarly urban environment etc…. One such circuit was selected for pedestrian outdoor diversity2 tests (in blue colour hereunder picture (code name: La Pépinière), within the SFNind3 Zone of Figure 17



mix of set of dense in the



Figure 20 : Localisation of the La Pépinière circuit 8.2 Related Measurements At the scale of a single “network blotch” of this type, expectation is that SFN will be quite regular; measurements have been made, but data processing was not done, given the quite satisfactory results obtained in the more complex environment of the “IZAR” path.
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9. MEDIUM RANGE SFN: “NETWORK BLOCK” SFN, OUTDOORS, PAU PHASE 2 RESULTS 9.1 Global SFN Configuration in the trial area analysis A “network block” will be a medium scale zone with two characteristics of homogeneity: - Internally, e.g. it is a group of buildings, or houses, or a compound of similar “network blotches” as per the above defintion, but not a mix of several types - Externally, the surroundings in all directions are somewhat homogeneous, i.e., a set of equivalently large avenues around a building of a square, or to the contrary similarly dense urban environment etc…. One such circuit was selected for pedestrian outdoor, diversity2, tests (in red colour in the hereunder picture (code name: IZAR)), within the SFNind3 Zone of Figure 17, during the Pau Phase 2 campaign



Figure 21 : Localisation of the IZAR circuit



At the scale of a block, SFN will present a variety of conditions: cell inside, “open” cell border limit two cells, “open” cell border three cells, cell border “wall” (two-cells border with blocking obstacle from one cell), cell border “sector” (three cell border with blocking obstacle from one
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cell), two-cells overlap (two cells that actually penetrate each other) and even three-cells overlap. The following route used for pedestrian outdoor diversity2 tests provides all these environments; very slow pedestrian movement provides excellent spreading of actual Rx conditions from the different emitters, over a total length of around 900m, with the following path. START



Rotation direction



Figure 22 : Characterization of the “IZAR” path. From the starting point (green arrow), the 7 red arrows materialize the main turns #1 to # 7 along the path; they are reproduced on the abscissa in the Figure 23 here below
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Segm Segment3



Segment1 Segment1



Segm Segment2



Figure 23 : Plotting of Rx values from single and SFN emitters along the “IZAR” path Blue: Red: Yellow: Green:



Compound Rx (Gabard + University + Centre-Ouest) Rx Centre-Ouest Rx Université Rx Gabard



9.2 Compound Rx signal level profile 9.2.1 As expected for a “network block” SFN zone, compound Rx displays a variety of profiles along the several segments of the pedestrian route. Along the path, each “turn” changing brutally the movement direction of the receiver versus the several emitters induces visible different conditions of emitter dominance.
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9.2.2 As hoped for from the radio network planning, the IZAR route display a long stretch [Turn2-to-Turn4 stretch] where signals from the three emitters stick in a close bracket and provide a SFN friendly zoning while evidencing in succession dominance from either one emitter. From Turn 2 through Turn 5, the path presents a remarkable convergence zone where the individual signals vary in a very narrow range of less than 4dB, and that “tunnel” has the same Min/Max values for all three of the signals, and the Min value is very close to the service threshold Rx for FER5 ==> This establishes that quite consistently with the SFN enabled radio network planning, the selected zone presents a wide area of cell border conditions between three cells, with extremely regular profiles 9.2.3 SFN qualitative benefit can be very easily visualized thanks to global mapping of QoS obtained from each individual emitter and from their combination. See Appendix A 9.2.4 SFN quantitative benefit estimation can be obtained thanks to the evidencing of very SFN friendly conditions over a large stretch Turn2-to-Turn3. From the individual “service availability” profiles along segment Turn2-Turn3 (refer Appendix A), it comes out that the service threshold Rx for FER5 is almost very closely obtained by each emitter along that segment, which sparse spots delivering service, and most not, and that consistently for all three signal sources ==> This establishes that the red dotted line drawn on the above Rx schematic marks the cell border signal value for the receiver used for the measurements; wherever two or more signal levels will be in that range, there will exist cell limit conditions with optimal SFN effect benefit



From Turn2 to Turn6, the path winds inside that zone along a very significant distance between 350m and 400m; along this quite lengthy segment of 400m, optimal SFN conditions between two emitters and potentially between three emitters are bound to present sufficient spatial extension as to be readily spottable and measurable. ==> Three segments of clear triple source SFN occurrence are easily spotted, one with all three signal values very close between themselves and very close to the service threshold Rx for FER5 (Segment 2, d=4800), one with all three signal values very close between themselves and about 1dB higher than the service threshold Rx for FER5 (Segment 3, d=5700) , one with two signal (red, green) values very close between themselves and about 2dB higher than the service threshold Rx for FER5 while the third signal (yellow) is somewhat more erratic (Segment 1, d=3900)
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In all other segments, one or other emitter signal is domineering Rx conditions, and SFN cannot be obtained from this type of random protocol. 9.3 SFN gain profile Direct measurement provides SFN gain in Segment 1, Segment 2 and Segment 3.



SFN gain value in Segment 1 gives in the range of 2,5dB, while Compound Rx signal is levelled at 5,0dB higher than the service threshold Rx for FER5, both terms clearly showing that Zone 1 is closer to a two cell limit zone, and in average slightly inside one of the cells; Segment 1 extension is approximately 20m SFN gain value in Segment 2 gives in the range of 3,5dB, while Compound Rx signal is levelled at the same 3,5dB higher than the service threshold Rx for FER5, showing we are indeed very close to 3-cell limit conditions, and one of the signals is probably somewhat lower than should be expected from radio planning; Segment 2 extension is approximately 30m SFN gain value in Segment 3 gives in the range of 3,5dB, while Compound Rx signal is levelled at 4,6dB higher than the service threshold Rx for FER5, showing we are indeed close to 3-cell limit conditions, and slightly inside two of the three adjoining cells as one of the signals is probably somewhat lower than the other two and overall signal meets the overall margin ~5dB versus the service threshold Rx for FER5; Segment 2 extension is approximately 40m.
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10. SFN EVIDENCING IN REAL-LIFE NETWORKS, CONCLUSIONS 10.1 Optimal SFN zones are hard to meet in real-life networks. Their extension over a “freewheeling” path outdoors is no more than several tens of meters, and measurements protocols must provide for adapted procedures, lest SFN just “melts away”. The SFN evidencing method used in the PAU I campaign was based on a “microscopic” approach indoors, over a handful of meters’ scale, in a very homogeneous environment (“indoor” unique location), at outmost stretched conditions of cell border (very low signal, challenging propagation to the indoor location…); it verified that receivers with industrial RF chain & signal locking provided a SFN benefit exactly that expected from combined signals. The SFN evidencing method used in the PAU II campaign has used a “macroscopic” approach outdoors, over a scale of several hundred meters, navigating “blindly” across an extensive cell border zone with highly variable conditions; accessible SFN outdoor “patches” have been evidenced at a scale of some tens of meters, no more and that SFN effect has been evidenced at a macroscopic level because the measurement protocol was actually that of an average leisurely pedestrian outdoor diversity context, moving along at about 2 or 3Km/h, hence one measurement every 75cm; moving in a car at 30Km/h would have literally blotted out all the spots with high SFN (>3,5dB) as this will produce between 1 and maximum 3 successive measurements with SFN relevance; This is consistent with CNES campaigns that have provided SFN values in the range of 1,5dB, which reflect an overall average of random measures of overlap benefit from neighbouring cells unto the complete cell, instead of the marginal benefit in the cell border zones. 10.2 Optimal SFN measures in real networks Optimal SFN as of prediction occur in theoretically very thin areas; a pedestrian walk strays left and right and local conditions in urban environment vary very rapidly; they even differ in the same street (re to CNES conclusions of signal values in middle street and kerb conditions). This complex reality definitely impairs the capability to measure the SFN effect over any stretch that follows a random course; we conclude that no “blind” measurement in field will ever produce SFN “gain” in a cellular network significantly higher than the 3,5dB evidenced in our campaign. Hence, once again confirming the methodology followed in the Pau Phase 1 campaign and the ensuing results, SFN complete and exact reality can be demonstrated ONLY on a “punctual” basis, through careful identification of individual signals, measurement of quality of service profile for each individual signal and for the compound one, over a predetermined path of a few meters, in a carefully selected area providing solid resilience versus propagation conditions change, and this means indoors; this is exactly the methodology used in the PAU I campaign, which demonstrated that receivers effectively very closely “analysed’ the several signal and their combination with excellent accuracy.



All rights reserved, 2009, ALCATEL-LUCENT



100181548L-FR



MTV



REFERENCE : AGMTS-AMB-SIV-004 DATE : March 20th, 2009 ISSUE :



02



Page :46/64



11. SFN ACCOUNTING IN THE LINK BUDGETS OF REAL DVB-SH NETWORKS AT 2GHZSYNOPSIS 11.1 Radio propagation basics in the S-UMTS band 2170-2200 MHz (reminder) Conclusions of the radio measurements based on impulse response can be stated as follows (CNES Toulouse 2006 report and CNES Pau 2008 report): a) intrinsic propagation capabilities in the S-UMTS band in an dense urban/urban downtown city with typical French XIXth/XXth century housing were verified to enable that SFN conditions were intrinsically met in a cellular network of a UMTS-like type (CNES 2006 measures and report: very limited delay spread in general, and long delay spread signals are kept at very low values that do not affect the overall signal quality : all contributing sources with their echoes remain within constructive windows, only rare , and when extent, only at very low levels, echoes with higher than 2,5 µsecs delay); this conclusion enables SFN benefit of signals from any source within a UMTS-type DVB-SH network b) each individual signal source present outdoor penetrates indoor, in proportion to their respective signal level (CNES 2006 measures and report); this conclusion ensures the validity of SFN computation with radio tools that predict the level of available signal OUTDOOR from all the contributing sources, while actual penetration indoor will be effected globally depending on each building’s specifics The differentiating factor will be the intrinsic relevance and validity of the maps used by the raytracing tools. 11.2 SFN Radio network planning effectiveness in the S-UMTS band 2170-2200MHz Conclusions of the campaign conducted throughout 2007 and 2008 by Alcatel-Lucent in the city of PAU are detailed in the present report at section 5 and section 7 for INDOOR and at at section 5 and section 9 for the corresponding OUTDOOR enabling radio conditions involving radio network planning with SFN; they can be stated as follows: a) the most advanced network planning tools such as AWE PROMAN (used in 2007) and ATDI ICS TELECOM (used in 2008) , which include SFN computation, can be properly calibrated for broadcast radio planning, for example in the case of co-sited equipments, through extensive use of the UMTS network in the neighbouring 2100MHz-2170 MHz band as a benchmark for radio planning data, based on well-proven multiple RLs identification techniques (refer to[RD] 7 , SFN over DVB-SH field measurements report ); in the absence of such a calibration, radio network planning prediction of SFN zones are liable to shift by even up to several tens , even 100+ meters, thus rendering quite hazardous any correspondence between field measurements and prediction; this conclusion ensures that under condition of appropriate calibration, radio network planning can be used to efficiently identify with good precision the cell border
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areas where, depending on the network conditions, the least signal level/ SFNmaximized contexts will be located and where henceforth SFN real benefit will be evaluated versus critical network dimensioning conditions Incidentally, Rx values in field obtained over vast statistics by CNES are quite compliant with a 8dB standard deviation (CNES 2008 measures and report, Pau propagation measures), which is the (big) common practice value used in mobile cellular urban radio planning;



b) once calibrated, radio planning tools with SFN capability correctly predict RELATIVE signal level from A GIVEN SOURCE , IN A LIMITED AREA with an homogeneous structure, while absolute values measured on account of a GIVEN SOURCE will differ roughly by a given constant value over the area (present report, section 5 for SFNind3 zone and section 6 for SFNind2 zone); then effective measurements of EACH CONTRIBUTING SOURCE allow to estimate for each of them the “flat” bias between real signal levels and planned ones; especially this allows to check that effective values are at least in the range of those planned, this is standard cellular network tuning; in case of strong surprise bias either way, much higher or much lower, some field verification must be conducted as to propagation specifics for a given source; thereafter SFN contributions will be in the range expected and this ensures that the effective resulting GLOBAL signal level should provide the computed effect c) the SFN theoretical definition as a point by point notion differential between the resulting signal level from all sources and the “best server” does not fit the complex reality of multiple SFN contribution in a real network; indeed the differential lighting from several sources may, and in fact will as basically three sources will roughly light the target zones from directions approximately separated by some 120°, change the absolute reference signal in a number of points; thus “SFN gain” can be computed at much less than what the real network synergy is when a strong signal from a new source will light a weak signal from the previous source(s); the notion of macrodiversity defined as the evolution of the minimum signal level provided over a SFN zone= cell border area much better reflects the improvement of the QoS=coverage capability (present report, section 5 for SFNind3 zone and section 6 for SFNind2 zone); this ensures that SFN gain thus redefined as OUTDOOR MACRODIVERSITY can be measured in a statistical way over a zone of limited extension with global characteristics instead of a measurement of a chirurgical precision in an unattainable unique position



11.3 Intrinsic receiver performances-enabling in the INDOOR environment in the S-UMTS band 2170-2200MHz resulting from SFN radio conditions at cell border zones Conclusions of the campaign conducted throughout 2007 by Alcatel-Lucent in the city PAU are detailed in [RD] 7 for intrinsic receiver performances-enabling in the INDOOR environment
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a) Indoor COFDM signals from different sources (entering indoor in compliance with the proportionality established at point 7.1 a) (CNES 2006)) are effectively perceived by DVB-SH receivers as separate components with additive properties with an excellent adherence to prevision from a QoS behaviour approach, refer to [RD] 7 ; this ensures that macro diversity gain OUTDOOR effectively translates into SFN gain INDOOR with exactly the same value b) Using a typical UMTS-like network engineering (sites distribution and cell sizes),SFN effects only change the level of available signal power for the receiver, and therefore SUMTS band DVB-SH network-engineering rules can definitely be applied using corrective factors from SFN estimations as they have been refined and tuned in network planning tools using the UMTS networks deployment experience. Typical SFN values for a trisectored cellular network engineering, planned with QoS grades >90% availability, can be set in link budget at 5 dB, which is a very widely used value in UMTS network planning in relationship to the “soft handover” feature (albeit of a different nature, and using in practice the over-determination of real networks, with the 3GPP standard model linking up to 7 different sources, which of course will as well contribute to global SFN).



c) Qualitative prediction of SFN zones by simple cellular services tool used in global network engineering with intent to determine at first level the required coverage conditions (sites) and the proffered quality of service (global indoor service coverage prediction) (such as Alcatel-Lucent’s A9155), completed in a second step with best in class detailed ray-tracing SFN computation enabled tools (such as AWE PROMAN or ATDI’s ICS TELECOM), allow the selection of precise locations where SFN effects could be best evidenced, refer to [RD] 7 11.4 SFN engineering value a) SFN benefit was evaluated indoor in the Pau Phase 1 campaign, where ultimately the critical performances in sensitivity (low Rx values) and radio environment complexity (Rayleigh-type) conditions are more reliably met; actual resulting composite signal was effectively perceived by terminal as the exact addition of the separate components, and this was effective with excellent statistical adherence across the complete indoor location ([RD] 7) b) SFN benefit was evaluated outdoor in the Pau Phase 2 campaign; it is clearly identified that random measures will not evidence SFN higher than 1,5dB, that locally focused measures will produce in appropriate zones, some tens of meters, over 3,5dB; in the case of pure outdoor planning such as in the case of pure urban vehicular services, optimized network design raises serious risks of network “black holes” of limited extension, independently of SFN, for the which the medium mobility context (30Km to 50Km/h) combined to moderate long time interleaving (around 3-4secs physical, 8/10secs link layer) should provide adequate bridging
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c) For budgetary pre-dimensioning of CAPEX, the present document concludes that one may turn those results into effective, simple, and practical parameterization of link budgets using a 4,5dB value for dense mobile cellular networks meant for indoor, and 3dB for sparse networks meant for outdoor only (typically, vehicular services)
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Appendixes
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Appendix A: QoS mapping along the IZAR route (Pau Phase 2 ) (red=OK)



Coverage of the IZAR route, emitter 1 (Gabard)



Coverage of the IZAR route, emitter 3 (Université)



Coverage of the IZAR route, emitter 2 (Centre-Ouest)



Coverage of the IZAR route, all in SFN mode
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Appendix B: La Pépinière



Outside view of La Pépinière
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Appendix B-1



Radio coverage of the La Pépinière path from Pau Gabard
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Appendix B-2



Radio coverage of the La Pépinière path from Pau Université
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Appendix B-3



Radio coverage of the La Pépinière path from Pau Centre-Ouest
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Appendix B-4



Radio coverage of the La Pépinière path from Pau Ville
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Appendix B-5



Full SFN Radio coverage of the La Pépinière path
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Appendix C-1



Rx from GABARD
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Appendix C-2



Rx from GABARD + UNIVERSITE
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Appendix C-3



Rx from GABARD + UNIVERSITE + CENTRE-OUEST
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Appendix C-4



Rx from GABARD + UNIVERSITE + CENTRE-OUEST + VILLE



All rights reserved, 2009, ALCATEL-LUCENT



100181548L-FR



MTV



REFERENCE : AGMTS-AMB-SIV-004 DATE : March 20th, 2009 ISSUE :



02



Page :62/64



Appendix C-5



SFN GAIN from GABARD + UNIVERSITE
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Appendix C-6



SFN GAIN from GABARD + UNIVERSITE + CENTRE OUEST
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Appendix C-7



SFN GAIN from GABARD + UNIVERSITE + CENTRE OUEST + VILLE
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