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WHY 5G? ENABLE NEW APPLICATIONS AND SERVICES Why does it matter?



•  New requirements



•  Improve quality of life for consumers, •  increase efficiencies for different industries, •  create new sources of revenue for service providers…



•  low latency (< 1 msec), •  low power consumption (10 year on dime-size battery), •  massive number of devices with sporadic access (10 K of devices per cell), •  increased reliability (+30 dB), •  while coexisting with the conventional services.
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WHY 5G? ENHANCE MOBILE BROADBAND New air interface



LTE~ 3x



Integration



Aggregation shared and unlicensed spectrum move to XDD



(massive) MIMO



MORE  SPECTRUM  Hz"



mmWave Coordination with low band



INCREASE  CAPACITY" MORE SPECTRAL EFFICIENC bps/Hz"



MORE SPECTRAL REUSE bps/ Hz/m2"



Efficient support



Small cells



Very dense deployments



LTE ~ 2x



LTE ~ 3x
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MOTIVATION BENEFITS OF CELLULAR NETWORKS LTE – HD video •  Great benefits with cellular •  Exceptional performance – dense infrastructure provides excellent quality of service, mobility and low-power consumption. •  Low cost – using existing infrastructure, combining conventional with new services supplementing different sources of revenue.



Radio Channel



•  The current cellular •  Optimized for high-data rate traffic (video, web access).



5



MOTIVATION DEFICIENCIES OF CURRENT CELLULAR NETWORKS LTE – HD video + IoT Data •  Great benefits with cellular •  Exceptional performance – dense infrastructure provides excellent quality of service, mobility and low-power consumption. •  Low cost – using existing infrastructure, combining conventional with new services supplementing different sources of revenue.



Radio Channel



IoT nodes



•  The current cellular •  Optimized for high-data rate traffic (video, web access). •  Deficient for short-packet and lowlatency transmissions (IoT and mission critical). 6



LTE SHORT-PACKET TRANSMISSION LTE/LTE-Advanced is very inefficient for short-block sporadic transmissions, thus exhibiting serious deficiencies in the cases of •  IoT (limiting number of devices that can be served and causing excessive power consumption), •  low-latency applications (as in cyber-physical systems), •  keep-alive messages (which are currently overwhelming the network), •  control messages (as in VoIP), …. while still efficiently support high-data rate transmissions (such as video streaming and downloading). Our 5G work address the above deficiencies through novel 1.  waveforms, 2.  access schemes, and 3.  protocol/messaging design (RRC, network and transport layers).
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UF-OFDM – SPECTRAL PROPERTIES Advantages of UF-OFDM •  reduces inter-PRB interference, •  more robust against time and frequency misalignments,



Multiple UF-OFDM sub bands 0



•  more robust against power-control imperfections,



Rel. power [dB]



-10



•  supports user-specific multi-carrier numerology (different sub-carrier spacing, symbol interval, cyclic prefix…).
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UF-OFDM – EVALUATIONS



MWC 2015, NGMN Frankfurt, IoT Congressional Hearing Demo, FutureX MH, Telecom Italia,…



Demo Outline HD video + IoT Data



Radio Channel



IoT nodes



Asynchronous CP-OFDM 16% median rate loss, asynchronous UF-OFDM 6%



5G SHORT-PACKET TRANSMISSION - CURRENT WORK Target •  100 – 300 byte messages. •  msec-over-the-air latency. •  To trade-off latency for coverage. Key Features •  1-stage uplink transmission for low latency and low power. •  Open-loop synchronization and power control. •  UF-OFDM, a BL invention for robustness. •  Connectionless for light-weight protocol. •  2-stage transmission for high capacity.



LTE RACH



Uplink



Layer 2 and 3 registration messages



Data block



MSG 3 1 PRB



Data K PRB



RACH Zone 6 PRBs



Downlink



MSG 2 1 PRB



Timing advances, UL grant



MSG 4 1 PRB



UE identity confirmation and contention resolution



Means of achieving •  relaxing synchronization requirements, •  connectionless.



LTE RACH



Uplink



Layer 2 and 3 registration messages



Data block



MSG 3 1 PRB



Data K PRB



RACH Zone 6 PRBs



Downlink



MSG 2 1 PRB



Timing advances, UL grant



MSG 4 1 PRB



UE identity confirmation and contention resolution



5G SHORT-PACKET ACCESS PROCEDURE 1-Stage Atomic Operation UL



Preamble



Transport Block ACK



DL



time If transport block not decoded but preamble detected



2-Stage Atomic Operation UL



Preamble



Transport block



Transport block GRANT



DL



ACK time
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1. Open-loop synchronization UE listens to DL synchronization signals (such as in LTE P/S SYNC) and acquires time and frequency reference.



4. UE transmits the preamble immediately followed by the transport block The transport block contains data, UE and destination address and CRC.



2. Open-loop power control UE listens to DL broadcast signals (sync, pilot…) and estimates the pathloss and shadowing to compensate for.



5. eNB acknowledgement



3. UE selects one of the available preambles



If eNB successfully acquires preamble and decodes data it will acknowledge it in the DL, and the transmission is completed.



Preamble is to allow eNB to detect the UL transmission, and acquire UL synchronization for RX processing. f



Preamble zone



Common preamble zone



No ACK will be sent, and the missing ACK will mean to the UE to retransmit with a possible contention back-off, back to Step 3. 6.B eNB detected preamble by failed to decode data If eNB successfully acquired preamble it may grant scheduled resources to the UE. This is transition to the 2stage transmission. 7. UE send transport block over scheduled resources



MAC payload CRC



8. eNB acknowledgement



Preamble



Coding redundancy rate c



Pilots Complex symbols



Payload



RB TTI



6.A eNB failed to detect preamble



Conf.



t Pilots



INVESTIGATIONS OF ALTERNATIVE PREAMBLE DESIGN LTE ZC VS. M-SEQUENCES



m-sequences show better performance than ZC-sequences both in terms of probability of missed detection and probability of false alarm. Good performance in presence of carrier-frequency offset (CFO) critical for low-power/low-latency open loop synchronization (or low-cost terminals). 15



CONNECTIONLESS SERVICES



External network Connection-oriented Connectionless



P-GW



Introducing a connectionless Layer 2



S-GW



A flood of RRC RAB establishment and modification messages between UE, eNB, S/P-GW.



RAB not present, removing extensive message overhead. 16



ENCAPSULATION OVERKILL



TCP/UDP Header



IP address + port = SOCKET



Port source-16 bits Port source- 16 bits



Application Data



Data



TCP/UDP segment IP address source – 32 bits IP address destination – 32 bits



IP Header



Data



IP packet MAC address source – 48 bita MAC address destination – 48 bita



MAC Header



CRC



Data



MAC frame Preamble



PHY Control



Datac



ENCAPSULATION OVERKILL



TCP/UDP Header



IP address + port = SOCKET



Port source-16 bits Port source- 16 bits



Application Data



Data



TCP/UDP segment IP address source – 32 bits IP address destination – 32 bits



IP Header



Data



IP packet MAC address source – 48 bita MAC address destination – 48 bita



MAC Header



CRC



Data



MAC frame Preamble



PHY Control



?
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4G + 5G PLATFORM



4G UE (legacy)



RRH



Framestart + Clocks



Legacy 4G eNodeB



RF Channel DL RX PSS+SSS



TRX



UL TX nanoBEE



5G UE Ref. clock



Ethernet



Ethernet



5G proto UL RX



framestart



Why 4G + 5G – to lower risk of IoT-market uncertainty.



UPLINK: 4G + 5G IN BLOCKED PRB ZONES OF PUSCH



Uplink SC-FDMA



LTE Blocked UL PRB Zone



Free for new 5G Uplink



PUSCH Area frequency



50 PRB in 9 MHz



LTE PUCCH Area



PRACH



PRACH



LTE PUCCH Area time
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4G Uplink
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