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CDMA Digital Cellular: Field Test Results Roberto Padovani, Brian Butler, and Robert Boesel



QUALCQh4M Incapoma USA M C = NOW+ C v i P i .



A b s t r a c t : This paper presents results from field tests of the CDMA system developed by Qualcomm, Incorporated. The CDMA system, now EIA/TIA digital standard IS-95 [l], has undergone extensive field tests since its early inception. The latest series of technical tests was conducted in San Diego, California by Qualcomm in cooperation with several cellular carriers and equipment manufacturers during the month of August 1993. The goals of the tests were to provide an accurate measure of the capacity of the system, to validate the standard with compliant equipment, and finally to aid service providers in understanding the tradeoff of system parameters as large CDMA cellular networks begin to be deployed.



where NOWrepresents the background noise power in the bandwidth W, V i represents voice activity, and Pi is the received power of the i-th user. For the system under test W=123 MHz and E{u] equals 0.4. The precise average voice activity of 40% was achieved by setting the mobile stations in test mode. By expressing the receive power relative to the background noise, we obtain



Furlhennore, the signal-to-interferenceratio for a given user is given by,



I. INTRODUCTION



Several analyses have been carried out concerning the performance and the capacity of a CDMA cellular system 121, [31, 141, and [51. This paper attempts to reconcile the results obtained from field tests with such analysis. In a system as complex as a cellular digital system, analysis and simulations must be complemented by field test verifications. The CDMA digital cellular standard has undergone numerous field tests [6].This paper reports the results of a large scale field test that was carried out during the month of August 1993 in San Diego, California



Combining Eqs. (2) and (3) and approximating M-1 with M in (3). we obtain Z=



The tests included four base stations for a total of eight sectors and eighty-six class I mobile units. The base stations were collocated with those of the PacTel Cellular San Diego A M P S system and with the exception of one base station the CDMA equipment shared the antenna subsystems of the AMPS network. Of the eight active sectors, the tests concentrated on the alpha sector of the Bay Park base station, since the geographical location of this sector made it possible to perform tests with realistic interference from adjacent cells.
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where



By central limit arguments the variable X approaches a normal distribution. The signal-to-interference ratio is closely approximated by a lognonnal distribution with mean p dB and standard deviation o dB.The voice activity U is a quaternary random variable with mean E{u) = 0.4 and standard deviation equal to 0.39. Therefore, with p = ln(10)/10. we obtain



11. REVERSE LINK CAPACITY A Isolated Sector In the reverse link, one of the fundamental parameters to be analyzed and measured is the total power received at the base station antennas. With M active users in one isolated sector the total receive power C can be expressed as
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units w m stationary, whereas in Test Case 3 all thirty-six units under test were driving within tbc coverage area The reason for the improvement achieved in Test Case 4 comes from the fact that low mobility units require a considerably lower E g o (between 3 to 4 dB lower), to maintain tbe same e m performance of units experiencing the fading induced by the vehicle motion. Thus the reduced interference produced by the low mobility users can inthe capacity by a factor greater than two. Similarly, Table II shows the results measured in the Gamma sector of the same base station."le char;cteristics of the coverage of the two sectors are quite Merent. The Gamma sector coverage is mainly a major eight lane interstate treeway whereas the Alpha sector coverage is mainly high density residential area
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Expressing 2 in dB, i.e. 2 = -10 loglo (1 - X), we can easily derive the distribution and density functions of the rise in dB over background noise, namely
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l-c-b-E(x)



Notice from J2q. (8) that there exists a straightfomard relationship between the median value of 2,say m, and the mean value of X,E[X),namely
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E(X) = 1



(10)



Solving now for M from Eqs. (6)and (10) we obtain a relationship between the median rise over background noise and the number of active users.



Naturally, the capacity estimates can only be meaningful if they are achieved in conjunction with good error performance.The system under test was designed to maintain an overall average frame error rate (FER) of 1% or better. At this error rate level, the speech coder performs well and the resulting voice is considered of good quality. Table 111 summarims the relevant FER statistics for the usen under test. TABIJZIII FERSUMMARYpORALPHASJK3DR



Finally, let's define the value of M for the median m=- as,



Returning now to the field test results, Figure 1 shows the complementary cumulative distribution function of 2, i.e. 1- pZ(z), calculated from (8) and measured during an isolated sector test. The numerical values used for Eq. (8) are p 7 . 9 dB a=2.4 dB.Furthermore, Table I summarizes the numerical values of the parameters discussed above measured from several of the field tests conducted in the Alpha sector. TABLE I
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B. Equally baakd System



Up to now we have dealt with the capacity of an isolated sector. Next, we will be estimating the capacity of an equally loaded system. It was shown in [51, that the capacity of a sector in an equally loaded CDMA network is reduced from that of an isolated sector by a factor of 1.55. This is to account for the additional interferenceEnnn adjacent sectoas when a fJat earth propagation model is used coupled with a 4-th power law and lognormal shadowing with 8 dB sigma. If we then take the average N from test cases one through three and



Notice that Test Case 4 differs from Test Case 3 from the fact that in Test Case 4 twelve of the thirty-six mobile 12
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test cases one through four for the Alpha and Gamma sector. resDectively. we obtain the results shown in Table IV. Also &own in Table IV is the more realistic capacity which is achieved at 80%of the asymptotic value.



III. FORWARD LINK CAPACKY Fonvard Link paramerers The forward link capacity tests concentrated on the uniformly loaded test configuration since it is quite difficult to analyze and predict the combined effects of adjacent cell interference and soft-handoff on the performance of the system. In this configuration, all eight sectors under tests were uniformly loaded with a combination of real and simulated users. The number of real users was kept fixed at eighty-six whereas the equivalent number of simulated users was increased in successively higher loading test configurations. The forward link capacity expressed in terms of number of traffic channels can then be simply calculated from the following equation



TABLE lV CAPACllYEsTpvIA?E FOR AN EQUALLY LOADED SYSIEM
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Finally, Figure 2 shows the histogram and cdf of the average FER measured for all eighty-six mobiles over a series of six test runs performed over the period of one day. During these tests the eighty-six mobiles were placed throughout the coverage area of the eight sectors and each sector under test was loaded to a nominal leve of twenty users through the combination of real and simulated users.



where Ptotal is the average total radiated power, i.e. the



s u m of overhead channels, active users, and simulated



C.Erlang &pacity and Comparisons wirh AMPS



users. Poverhd is the average radiated power from the overhead channels, i.e. pilot, sync, and paging, and Pusr is the average radiated power for a single user obtained by averaging the radiatedpower over all the active users in the sector for the duration of the test Table VI summarizes the above quantities measured during a test performed in the equally loaded configuration. The values are those measured for the alpha sector of the Bay Park base station as discussed in Section II. The power values in Watts are measured at the output of the HPA.



In the following we briefly summarize the main assumptions used in comparing the Erlang capacity of an AMPS system to that of CDMA. In an AMPS system occupying 12.5 MHz of spectrum with 30 kHz channelization, K=7 frequency reuse factor, and three sectors the total number of channels per sector and the corresponding Erlang capacity at 2% blocking equals, Radio Capacity: AMPS = 19 channels/sector Erlang Capacity: A M P S = 12.3 Erlangs



TABLEM RIRWARI) LINKPARAMEERS



A uniformly loaded CDMA system occupying the same 12.5 MHz of spectrum with three sectored cells and a total of nine 1.25 MHz frequency assignments will achieve the following capacities at the same blocking probability,



Radio Capacity: CDMA = 216 channeldsector Erlang Capacity: CDMA = 202 Erlangs Tbe CDMA capacity was calculated using the results of Table IV, i.e. 24 users/sector in 1.25 MHz, which corresponds to 80% of the value of N. Finally. Table V summarizes a l l of the above. TABLEV REVERSELINKWACITYSUMMARY
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AMPS WMA CDWAMPS



I



II



19 216 11.4 times



Table VI indicates that the sector under test can support N=47 traffic channels with an average voice activity of 0.4. This was achieved in conjunction with an average forward link FER equal to 0.78%. In order-to calculate the forward link capacity in terms of number of subscribers we need to calculate the percentage of coverage area in soft-handoff.
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12.3 202 16.4 times
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V.ACICNOTbe success of tbe very large and complex field test reported here was possibk due to the dedicadon of very many Qualco" employees. The authors would like to



B. HahflPercentages



In addition to the capacity tests, the field tests also included a complete mapping of the coverage of the test area. The main output of the mapping is a measure of the percentage of coverage in soft-handoff. With the system uniformly loaded, test vans where driven throughout the coverage area and logged geographical position data versus handoff state information. The results of the data processing are shown in Table W.



mention David Clapp and Roy Davis for the countless hours dedicated to this efforts. Tbe success would have also not been possible without the support of many organizations who jmicipated in the tests, namely Alps Electric, AT&T, Goldstar. Hyundai, Maxon, Motorola, Mitsubisbi, Nokia. Northem Telecom, OKI, Panasonic, Samsung, Sony, Ameritech, Bell Atlantic Mobile, Bell Mobility, GTE, "EX,PacTel Cellular, U.S.West New Vector.



TABIEW HANDOFFMAPPING
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VI. REFERENCES [l] TIA/EIA/IS-95 Interim Standard, Telecommunication Industry Association, July 1993. @] K.S. Gilhousen, et al., "00 the Capacity of a Cellular CDMA System," IEEE Trans. Veh. Technol., vol. 40,pp. 303-311, May 1991.



[3] A.M. Viterbi and AJ. Viterbi, "Erking Capacity of Power Controlled CDMA System," IEEE Joun. on SelAreas of Comntun. ,vol. 11, pp. 892-890, Aug 1993.



C.Forward Link CapacirY The results sbown in Table VI and Table MIcan now be combined to obtained the forward link subscriber capacity, i.e. N Capacity = -= 1.92



475 = 24.7subdbem 1.92



(14)



It should be noted from Table VI1 that although the ratio of active channels per subscriber equals 1.92 tbc ratio of resource allocation to subscriber equals 1.35. 'Ibis is due to the fact that bdoffs occurring between sectors ofa base station are completely handled by the same ASIC device,
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thus they require neitber additional hardware resoraces nor additionalbackhauibandidtbbetweentheBTSandBSC.



IV.CONCLUSIONS We have presented results h m field tests of the cellular



CDMA system developed by Qualca". The results show that the Erlang capacity of the sectors under test is &reater than 16 times tbat of the analog AMPS system. These results were obtained with realistic field conditions and match rather nicely the theoretical predictions. Furthermore, the results presented were obtained with equipment which uses f h t generation ASKS developed by Qualcomm for both mobile and base stations. It is expected that the second generation base station ASIC, which will be available for the initial commercial service of IS-95 based networks, will improve the EWNo requirementsby more than 1 dB.
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Figure 1. Complementarycdf of the cell receive power rise over background noise. Theoretical and measured results with 21 mobiles.
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Figure 2. Histogram and cdf of the average FER measured during the equally loaded test. Results are shown for Test Runs 5 through 10. Eighty-sixmobiles participated in each Test Run.
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