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1 Introduction

In RAN1 #86 meeting [1], the following agreements on the study of Enhancement of VoLTE have been made:
· The coverage for half-duplex FDD UEs is less than the coverage for full-duplex UEs. In order to maximize the VoLTE coverage that can be achieved in half-duplex FDD, opportunities to optimize the UL/DL resource utilization have been identified e.g. through techniques to reduce DL repetitions, new repetition factors, and adjusted scheduling delay.

Similarly, for VoLTE enhancement of FeMTC UEs, specifically, to increase VoLTE coverage for half-duplex FDD (HD-FDD)/TDD FeMTC UEs, techniques to reduce DL repetitions, to support new repetition factors and adjusted scheduling delays are to be considered. 

In this contribution, we present the link-level evaluation results for HD-FDD/TDD, including the PDSCH and PUSCH transmissions with EVS 7.2 kbps codec, AMR-NB 4.75kbps codec and AMR-WB codecs. Based on the results, we further discuss the techniques to improve the coverage for HD-FDD/TDD.

2 Link-level performance for unicast PDSCH and PUSCH transmissions for HD-FDD UEs
In this section, we present the link-level evaluation results for HD-FDD, including results for both unicast PDSCH and PUSCH transmissions with EVS 7.2 kbps codec, AMR-NB 4.75kbps codec and AMR-WB codecs. Assuming two-way communication, the DL and UL speech packets need to be delivered during the same time window. For HD-FDD/TDD UEs, this implies that the air interface time budget is to be shared via TDM between the DL and UL data as well as control/feedback transmissions. 

2.1 MCL for various TBSs and RLs

Taking the EVS 7.2 kbps codec and AMR-WB 6.6 kbps as an example, the payload and corresponding TBS with the transmission time of 40ms and with and without header compression are calculated in Table 1. The maximum coupling loss (MCL) calculation for this example is presented in Table 2, where the targeting BLER is set to be 1%, for the study of cases with one HARQ transmission, i.e., with initial transmission only.
Table 1. TBS calculation
	40ms, RTP level aggregation, PDSCH with 6 RBs

	Header compression?
	Payload
	RTP header 
	PDCP
	RLC
	MAC
	BRS+PHR
	Payload +Headers
	TBS
	Coded bits 
	R

	
	
	
	
	
	
	
	
	
	
	

	Yes
	18*2
	3*2
	2*2
	2
	1
	0
	392
	408
	1440
	0.3000

	No
	18*2
	60*2
	2*2
	2
	1
	0
	1304
	1352
	2880
	0.4778


	40ms, RTP level aggregation, PUSCH with 6 RBs

	Header compression?
	Payload
	RTP header 
	PDCP
	RLC
	MAC
	BRS+PHR
	Payload +Headers
	TBS
	Coded bits 
	R

	
	
	
	
	
	
	
	
	
	
	

	Yes
	18*2
	3*2
	2*2
	2
	1
	6
	440
	504
	864
	0.5370

	No
	18*2
	60*2
	2*2
	2
	1
	6
	1352
	1352 
	3456
	0.3981


Table 2. MCL calculation example
	Physical channel name
	PUSCH
	PDSCH, 
1 RxAn
	PDSCH,
2 RxAns

	Transmitter
	 
	 
	 

	(0) Max Tx power(dBm)
	23
	46
	46

	(1) Actual Tx power (dBm)
	23
	36.79
	36.79

	Receiver
	 
	 
	 

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	9
	9

	(5) Occupied ch bandwidth (Hz)
	540000
	1080000
	1080000

	(6) Effective noise power
= (2) + (3) + 10 log((5))  (dBm)
	-111.68
	-104.67
	-104.67

	(7) Required SINR (dB)
	-6.10
	3.60
	-3.20

	(8) Receiver sensitivity
= (6) + (7) (dBm)
	-117.78
	-101.07
	-107.87

	(9) Baseline MCL
= (1) - (8) (dB)
	140.78
	137.86
	144.66

	
	RL=32
TBS=456
	RL=4
TBS=408
	RL=4
TBS=408


Following the same steps for MCL calculation, the MCL for various TBSs and RLs for unicast PDSCH and PUSCH transmissions are presented in Table 3 and Table 5, respectively. Detailed BLER curves versus SNR with different TBSs and RLs are shown in Appendix B. In Table 4, we also provide the link-level evaluation results for configurations of PDSCH with 2x2 antenna setup. 
Table 3. The MCL (dB) for unicast PDSCH with 1x2 antenna configuration.
	BLER=1%
	Payload (bits) for PDSCH with 6 PRBs, 1x2 antenna configuration

	RL
	208
	256
	328
	408
	504
	600
	712
	808
	936

	1
	134.56
	134.06
	132.96
	132.16
	131.06
	129.66
	128.76
	128.16
	127.16

	2
	137.46
	136.86
	135.76
	135.26
	133.86
	133.26
	132.56
	132.16
	131.66

	4
	140.46
	139.86
	138.36
	137.86
	137.06
	136.76
	135.56
	135.46
	134.76

	8
	142.66
	142.36
	141.36
	140.46
	139.56
	139.26
	138.16
	138.26
	137.76

	16
	145.76
	144.76
	144.26
	143.36
	142.96
	142.36
	141.86
	141.16
	140.86


	BLER=1%
	Payload (bits) for PDSCH with 6 PRBs, 1x2 antenna configuration

	RL
	1032
	1192
	1352
	1544
	1736
	1800
	1928
	2152
	2792
	2984

	2
	130.06
	129.36
	128.66
	127.66
	127.46
	127.36
	124.96
	124.56
	123.66
	122.66

	4
	133.06
	132.46
	131.96
	130.86
	130.56
	130.26
	129.46
	129.06
	127.46
	127.36

	8
	135.66
	135.16
	134.86
	134.26
	133.26
	133.26
	132.56
	132.36
	131.16
	130.46

	16
	138.66
	138.56
	137.56
	137.36
	136.16
	136.66
	135.76
	135.16
	134.26
	134.06

	32
	141.96
	141.76
	141.06
	140.46
	139.76
	140.06
	139.16
	138.66
	137.36
	137.36


	BLER=1%
	Payload (bits) for PDSCH with 24 PRBs, 1x2 antenna configuration

	
	1064
	1384
	1736
	2088
	2984

	2
	139.16
	137.86
	137.16
	135.76
	134.66

	4
	141.96
	140.96
	139.86
	139.06
	137.76

	8
	144.46
	143.86
	142.76
	142.06
	140.66

	16
	147.16
	146.26
	145.36
	144.96
	143.66

	32
	149.96
	148.96
	148.46
	147.46
	146.76


Table 4. The MCL (dB) for unicast PDSCH, with both 1x2 and 2x2 antenna configurations.

	BLER=1%
	Payload (bits) for PDSCH with 6 PRBs, 1x2 antenna configuration
	Payload (bits) for PDSCH with 6 PRBs, 2x2 antenna configuration

	RL
	408
	1352
	408
	1352

	1
	132.16
	124.36
	138.96
	131.66

	2
	135.26
	128.66
	141.86
	135.96

	4
	137.86
	131.96
	144.66
	139.06

	8
	140.46
	134.86
	147.26
	141.86

	16
	143.36
	137.56
	149.56
	144.46


Table 5. The MCL (dB) for PUSCH with 6 PRBs. 
	BLER=1%
	Payload (bits) for PUSCH with 6 PRBs

	RL
	208
	256
	328
	408
	504
	600
	712
	808
	936

	2
	130.97
	130.77
	129.77
	128.67
	127.67
	127.17
	126.37
	125.97
	125.27

	4
	134.07
	133.47
	132.27
	132.17
	130.87
	130.27
	129.67
	129.37
	128.57

	8
	136.97
	136.17
	135.27
	134.87
	133.97
	133.27
	132.67
	131.97
	131.27

	16
	140.07
	139.27
	138.57
	137.57
	136.97
	136.67
	136.07
	135.37
	134.87

	32
	143.27
	142.57
	142.17
	141.37
	140.57
	139.77
	139.47
	138.77
	138.47


	BLER=1%
	Payload (bits) for PUSCH with 6 PRBs

	RL
	1032
	1192
	1352
	1544
	1736
	1800
	1928
	2152
	2792
	2984

	2
	124.87
	122.77
	122.47
	121.77
	120.77
	120.77
	120.07
	119.87
	116.07
	114.97

	4
	127.97
	126.47
	125.27
	125.17
	124.47
	124.07
	123.87
	123.37
	121.17
	120.57

	8
	130.87
	129.17
	128.37
	128.47
	127.27
	127.67
	126.97
	126.27
	124.47
	124.37

	16
	134.17
	132.27
	131.47
	130.97
	130.37
	130.27
	129.97
	129.27
	127.77
	127.37

	32
	138.27
	135.67
	135.17
	134.67
	133.97
	133.67
	133.57
	132.97
	131.87
	131.27


Comparing the PDSCH MCL with different number of allocated PRBs in Table 3, we can observe that the coverage for PDSCH is improved by transmission over larger BW, due to more allocated transmit power for PDSCH and increased coding gain. For example, the coverage gain of PDSCH is ~7.9dB for TBS of 1384 bits with 24-PRB allocation compared to TBS of 1352 bits with 6-PRB at BLER=1% and RL=32. In addition, it can be seen from Table 4 that the DL coverage can be improved by configuring 2 Rx antennas for PDSCH reception. For instance, there is about 6.2dB and 6.9dB DL coverage gain at BLER=1% and RL=16, for TBS of 408 bits and 1352 bits, respectively, by increasing the number of Rx antennas to be 2.
Observation 1:
· The MCL for PDSCH transmission can be improved significantly by increasing the BW from 6 PRBs to 24 PRBs.

· For PDSCH with TBS of ~1350 bits, the MCL gain is up to 7.9dB at BLER=1% by increasing BW from 6 PRBs to 24 PRBs. 

· The MCL for PDSCH transmission can be improved by increasing the number of Rx antennas from 1 to 2.

· For PDSCH with TBS of 408 bits and 1352 bits at BLER=1% and RL=16, the coverage gain is ~6.2dB and ~6.9dB, respectively, comparing the 2 Rx antenna case to 1 Rx antenna case.
2.2 MCL for EVS and AMR codecs
Mapping the TBS to the payload size of different codecs similar as the calculation in Table 1, the MCL for AMR codecs with various codec rates are summarized in Table 6. Note that the results for EVS 7.2 kbps are the same as AMR-WB 6.6 kbps as they have the same payload size. The studies of scenarios with and without header compression are both provided below. We also nvestigate the scenarios without header compression, since RoHC may not always be possible, or the RoHC compressor may send uncompressed header, for instance in the following cases:
· At the beginning of a session, as part of initial context establishment, the full header is sent (i.e., transmission without protocol header compression)

· In case of VoLTE packet failures at PHY (after HARQ; no ARQ at RLC or application layer for VoLTE), the receiver may send RoHC feedback to notify a bad sync of the RoHC context. The header compressor at the Tx side transmits the full header information as part of the “Refresh and re-initialization” of the RoHC context. 

· In case of periodic refresh of the RoHC context, for instance when RoHC mode is uni-directional.
Note that, for HD-FDD UEs, we consider one HARQ transmission, and thus the target BLER is set to be 1%. Also, we do not consider dynamic scheduling here, and thus the MCL is calculated based on if the required DL RLs in addition to required UL RLs plus the 1-subframe gap between DL and UL transmissions can be within the time budget.
Table 6. The MCL (dB) for AMR codecs with 6 PRBs allocated for PDSCH with 1 Rx Antenna and PUSCH transmissions. 
	  BLER=1%
	20ms, with header compression
	20ms, without header compression

	Type
(AMR)
	Codec rate (kbps)
	Payload + Headers (DL/UL) 
	TBS (DL/UL)
	DL RLs
	UL RLs
	MCL
	Payload + Headers (DL/UL) 
	TBS (DL/UL)
	DL RLs
	UL RLs
	MCL

	NB
	4.75
	168/216
	208/256
	2
	16
	137.46
	624/672
	712/712
	4
	8
	132.67

	WB
	6.6
	208/256
	208/256
	2
	16
	137.46
	664/712
	712/712
	4
	8
	132.67

	WB
	8.85
	248/296
	256/328
	2
	16
	136.86
	704/752
	808/808
	2
	16
	132.16

	WB
	12.65
	328/376
	328/408
	2
	16
	135.76
	784/832
	808/936
	2
	16
	132.16

	WB
	14.25
	360/408
	408/408
	2
	16
	135.26
	816/864
	936/936
	2
	16
	131.66

	WB
	15.85
	392/440
	408/504
	2
	16
	135.26
	848/896
	936/936
	2
	16
	131.66

	WB
	18.25
	440/488
	504/504
	4
	8
	133.97
	896/944
	936/1032
	2
	16
	131.66

	WB
	19.85
	472/520
	504/600
	2
	16
	133.86
	928/976
	936/1032
	2
	16
	131.66

	WB
	23.05
	536/584
	600/600
	4
	8
	133.27
	992/1040
	1032/1192
	2
	16
	130.06

	WB
	23.85
	552/600
	600/600
	4
	8
	133.27
	1008/1056
	1192/1192
	2
	16
	129.36


	  BLER=1%
	40ms, with header compression
	40ms, without header compression

	Type
(AMR)
	Codec rate (kbps)
	Payload + Headers (DL/UL) 
	TBS (DL/UL)
	DL RLs
	UL RLs
	MCL
	Payload + Headers (DL/UL) 
	TBS (DL/UL)
	DL RLs
	UL RLs
	MCL

	NB
	4.75
	312/360
	328/408
	4
	32
	138.36
	1224/1272
	1352/1352
	4
	32
	131.96

	WB
	6.6
	392/440
	408/504
	4
	32
	137.86
	1304/1352
	1352/1352
	4
	32
	131.96

	WB
	8.85
	472/520
	504/600
	4
	32
	137.06
	1384/1432
	1544/1544
	8
	16
	130.97

	WB
	12.65
	632/680
	712/712
	8
	16
	136.07
	1544/1592
	1544/1736
	4
	32
	130.86

	WB
	14.25
	696/744
	712/808
	4
	32
	135.56
	1608/1656
	1736/1736
	4
	32
	130.56

	WB
	15.85
	760/808
	808/808
	4
	32
	135.46
	1672/1720
	1736/1736
	4
	32
	130.56

	WB
	18.25
	856/904
	936/936
	4
	32
	134.76
	1768/1816
	1800/1928
	4
	32
	130.26

	WB
	19.85
	920/968
	936/1032
	4
	32
	134.76
	1832/1880
	1928/1928
	8
	16
	129.97

	WB
	23.05
	1048/1096
	1192/1192
	4
	32
	132.46
	1960/2008
	2152/2152
	8
	16
	129.27

	WB
	23.85
	1080/1128
	1192/1192
	4
	32
	132.46
	1992/2040
	2152/2152
	8
	16
	129.27


In addition, we provide the coverage analysis with larger BW for PDSCH transmission in Table 7. We select the EVS 7.2 kbps and AMR-WB 6.6 kbps codec as an example, due to their industry popularity and wide applicability. It can be observed that the overall coverage is improved for HD-FDD, when PDSCH transmission is transmitted over 24 PRBs. There is ~3.2dB coverage gain for EVS 7.2 kbps / AMR-WB 6.6 kbps codec without header compression, when PDSCH is transmitted over 24 PRBs compared to PDSCH transmission over 6 PRBs. 
Table 7. The comparison of MCL (dB) for EVS 7.2 kbps or AMR-WB 6.6 kbps codec, comparing 6-PRB and 24-PRB allocation for PDSCH.
	  BLER=1%
	40ms, without header compression

	Number of PRBs for PDSCH
	Payload + Headers (DL/UL) 
	TBS (DL/UL)
	DL RLs
	UL RLs
	MCL

	6
	1304/1352
	1352/1352
	4
	32
	131.96

	24
	1304/1352
	1384/1352
	4
	32
	135.17


Besides the above coverage studies for PDSCH with 1 Rx antenna cases, we also investigate the coverage of EVS 7.2 kbps and AMR-WB 6.6 kbps codec with PDSCH configured with 2 Rx antennas, as presented in Table 7. It can be seens that the overall coverage is improved for HD-FDD, when PDSCH transmission is configured with 2 Rx antennas. There is ~2.7dB and ~3.2dB coverage gain for EVS 7.2 kbps / AMR-WB 6.6 kbps codec with header compression and without header compression, respectively, when PDSCH is configured with 2 Rx antennas, compared to PDSCH configured with 1 Rx antenna.
Table 7. The comparison of MCL (dB) for EVS 7.2 kbps or AMR-WB 6.6 kbps codec, with 6 PRBs allocated, between cases of PDSCH with 1 Rx antenna and of PDSCH with 2 Rx antennas.
	BLER=1% 
	40ms, with header compression
	40ms, without header compression

	Rx Antennas for PDSCH
	Payload + Headers (DL/UL) 
	TBS (DL/UL)
	DL RLs
	UL RLs
	MCL
	Payload + Headers (DL/UL) 
	TBS (DL/UL)
	DL RLs
	UL RLs
	MCL

	1
	392/440
	408/504
	4
	32
	137.86
	1304/1352
	1352/1352
	4
	32
	131.96

	2
	392/440
	408/504
	4
	32
	140.57
	1304/1352
	1352/1352
	4
	32
	135.17


Based on the above evaluation results, we summarize the following observations.

Observation 2:
· For a specific inter-transmission time, the MCL decreases as payload size increases. 

· There is a tradeoff between the packet delay and achievable coverage:

· For EVS 7.2 kbps or AMR-WB 6.6 kbps codec with header compression, MCL is ~137.46dB for inter-transmission time of 20ms, while MCL is ~137.86dB for inter-transmission time of 40ms.

· For AMR codecs with header compression and codec rate no more than 18.25 kbps (with TBS smaller than 1000 bits), MCL is 133.97-137.46dB for inter-transmission time of 20ms, while MCL is 134.76-138.36dB for inter-transmission time of 40ms.
· With RoHC and header compression, most codecs have TBS less than 1000 bits, while without header compression, TBS greater than 1000 bits is needed. The achievable coverage is much more limited (2.7-4.3dB less) in cases without header compression.

· The feasibility of the VoLTE support highly depends on the assumptions, e.g. with or without header compression.

Observation 3:
· For HD-FDD, if the PDSCH performance can be improved, the overall MCL can be improved significantly due to the TDM nature between DL and UL channels.
· There is ~3.2dB overall coverage gain for EVS 7.2 kbps and AMR-WB 6.6 kbps codec without header compression, when the PDSCH is transmitted over 24 PRBs compared to cases with PDSCH transmitted over 6 PRBs.
· There is ~2.7dB and ~3.2dB overall coverage gain for EVS 7.2 kbps and AMR-WB 6.6 kbps codec with header compression and without header compression, respectively, when the PDSCH is configured with 2 Rx antennas compared to cases with PDSCH configured with 1 Rx antenna.
3 Discussion on the techniques to improve VoLTE coverage for HD-FDD/TDD
3.1 Reduction in number of DL repetitions

Based on the link-level simulations presented in Section 2 and the corresponding observations, we can conclude that the overall MCL can be improved for HD-FDD/TDD, if the PDSCH performance can be improved. This is mainly due to the TDM nature between DL and UL transmissions for HD-FDD/TDD. When DL MCL is improved, DL is no more the bottleneck and less DL repetitions are sufficient. With the reduction of DL repetitions, more time resources are available for PUSCH repetitions, which help improve the overall coverage.
Proposal 1:
· For HD-FDD/TDD, consider the following techniques to reduce the number of DL repetitions, which help improve the overall coverage:
· Configure PDSCH over channel BW larger than 6-PRB NB.
3.2 Support of new repetition factors

In Rel-13 eMTC, the number of repetitions supported for CEMode A UEs is within the set {2, 4, 8, 16, 32}. Thus, for maximal utilization of time domain resources for HD-FDD/TDD UEs and considering VoLTE inter-transmission periods of length 20ms and 40ms, the repetition factors for PDSCH and PUSCH, assuming SPS based scheduling, should satisfy 

PDSCH_reps + switching time + PUSCH_reps = 20*n, 
where n = 1, 2, ..., corresponds to the VoLTE inter-transmission interval.
Proposal 2:
· To improve VoLTE coverage for HD-FDD, it is beneficial to introduce new repetition factors to enable the full utilization of subframes within the VoLTE time budget.
· For HD-FDD UEs, the repetition factors for PDSCH and PUSCH should satisfy the following relationship:
PDSCH_reps + switching time + PUSCH_reps = 20*n, where n = 1, 2, …, corresponds to the inter-transmission time interval.
4 Conclusion

In this contribution, we performed coverage analysis for HD-FDD/TDD UEs with various VoLTE codecs. In addition, we discussed about the techniques to improve the VoLTE coverage for HD-FDD/TDD UEs. Based on the presented link-level studies and the discussions on techniques for VoLTE enhancement, we make the following observations and proposals:
Observation 1:
· The MCL for PDSCH transmission can be improved significantly by increasing the BW from 6 PRBs to 24 PRBs.

· For PDSCH with TBS of ~1350 bits, the MCL gain is up to 7.9dB at BLER=1% by increasing BW from 6 PRBs to 24 PRBs. 

· The MCL for PDSCH transmission can be improved by increasing the number of Rx antennas from 1 to 2.

· For PDSCH with TBS of 408 bits and 1352 bits at BLER=1% and RL=16, the coverage gain is ~6.2dB and ~6.9dB, respectively, comparing the 2 Rx antenna case to 1 Rx antenna case.

Observation 2:
· For a specific inter-transmission time, the MCL decreases as payload size increases. 

· There is a tradeoff between the packet delay and achievable coverage:

· For EVS 7.2 kbps or AMR-WB 6.6 kbps codec with header compression, MCL is ~137.46dB for inter-transmission time of 20ms, while MCL is ~137.86dB for inter-transmission time of 40ms.

· For AMR codecs with header compression and codec rate no more than 18.25 kbps (with TBS smaller than 1000 bits), MCL is 133.97-137.46dB for inter-transmission time of 20ms, while MCL is 134.76-138.36dB for inter-transmission time of 40ms.
· With RoHC and header compression, most codecs have TBS less than 1000 bits, while without header compression, TBS greater than 1000 bits is needed. The achievable coverage is much more limited (2.7-4.3dB less) in cases without header compression.

· The feasibility of the VoLTE support highly depends on the assumptions, e.g. with or without header compression.

Observation 3:
· For HD-FDD, if the PDSCH performance can be improved, the overall MCL can be improved significantly due to the TDM nature between DL and UL channels.
· There is ~3.2dB overall coverage gain for EVS 7.2 kbps and AMR-WB 6.6 kbps codec without header compression, when the PDSCH is transmitted over 24 PRBs compared to cases with PDSCH transmitted over 6 PRBs.
· There is ~2.7dB and ~3.2dB overall coverage gain for EVS 7.2 kbps and AMR-WB 6.6 kbps codec with header compression and without header compression, respectively, when the PDSCH is configured with 2 Rx antennas compared to cases with PDSCH configured with 1 Rx antenna.
Proposal 1:
· For HD-FDD/TDD, consider the following techniques to reduce the number of DL repetitions, which help improve the overall coverage:
· Configure PDSCH over channel BW larger than 6-PRB NB.
Proposal 2:
· To improve VoLTE coverage for HD-FDD, it is beneficial to introduce new repetition factors to enable the full utilization of subframes within the VoLTE time budget.
· For HD-FDD UEs, the repetition factors for PDSCH and PUSCH should satisfy the following relationship:
PDSCH_reps + switching time + PUSCH_reps = 20*n, where n = 1, 2, …, corresponds to the inter-transmission time interval.
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Appendix A: Simulation Assumptions

Table 8. Simulation assumptions for PDSCH. 
	Parameter
	Value

	System bandwidth
	10 MHz

	Frame type
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	1x2 with low correlation,
and 2x2 low correlation.

	Channel model
	EPA-5Hz

	Residual frequency offset
	0Hz 

	PDSCH occupied BW
	6 PRBs

	HARQ
	Not enabled

	Performance target
	1% BLER

	Channel estimation
	Cross-subframe channel estimation using 2D-MMSE


Table 9. Simulation assumptions for PUSCH. 
	Parameter
	Value

	System bandwidth
	10 MHz

	Frame type
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	1x2 with low correlation

	Channel model
	EPA-5Hz

	Residual frequency offset
	100Hz 

	PUSCH occupied BW
	6 PRBs

	HARQ
	Not enabled

	Performance target
	1% BLER

	Channel estimation
	Cross-subframe channel estimation using 2D-MMSE


Appendix B: Link-level Results
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Figure 1. PDSCH link-level performance, with 6 PRBs and 1 Rx antenna.
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Figure 2. PDSCH link-level performance with 2 Rx antennas.
[image: image22.jpg]BLER

100 6 PRBs, Cross-SF CE, Freq. offset = 100Hz, Payload =208bits

=)

-©-RL=1
-8-RL=2
—O-RL=4
—A-RL=8

~7-RL=16
—RL=32

10?2 \\
10\'! L

18 -16 -14 -12 10 8 2 0

SNR (dB)



 [image: image23.jpg]6 PRBs, Cross-SF CE, Freq. offset = 100Hz, Payload =256bits

BLER

—©-RL=1
—8-RL=2
—O-RL=4

—A-RL=8
~7-RL=16
= \ —*-RL=32
1 - - -

-14 12 10 -8 -6 -\5 2 0 2 4 6 8
SNR (dB)



 [image: image24.jpg]BLER

100 6 PRBs, Cross-SF CE, Freq. offset = 100Hz, Payload =328bits

—©-RL=1
—8-RL=2
—O-RL=4

—A-RL=8
~7-RL=16
-1 =)=RL=32
107

-6 14 12 10 8 -6 4 2 0 2 4 6 8
SNR (dB)



 [image: image25.jpg]BLER

100 6 PRBs, Cross-SF CE, Freq. offset = 100Hz, Payload =408bits

-©-RL=1
-8-RL=2
—O-RL=4
—A-RL=8
~7RL=16
10k —*—RL=32
10»2 ks
0\‘! I L

16 14 12 10 8 6 4 2 0 2 4

SNR (dB)




[image: image26.jpg]BLER

100 6 PRBs, Cross-SF CE, Freq. offset = 100Hz, Payload =504bits

—-©-RL=1
—8-RL=2
—O-RL=4

—A-RL=8
~7-RL=16
-1 L =)=RL=32
107

14 12 10 8 6 4 2 0 2 4 6 8 10
SNR (dB)



 [image: image27.jpg]BLER

100 6 PRBs, Cross-SF CE, Freq. offset = 100Hz, Payload =600bits

=)

-©-RL=1
-8-RL=2
—O-RL=4
—A-RL=8
~7RL=16
—*—RL=32

N

14 12 10 8
SNR(dB)




[image: image28.jpg]BLER

6 PRBs, Cross-SF CE, Freq. offset = 100Hz, Payload =712bits

—©-RL=1

SNR (dB)




 [image: image29.jpg]BLER

6 PRBs, Cross-SF CE, Freq. offset = 100Hz, Payload =808bits

<

—©-RL=1

14

-12

-10

8

6 4

2 0
SNR (dB)




[image: image30.jpg]BLER

6 PRBs, Cross-SF CE, Freq. offset = 100Hz, Payload =936bits

-©-RL=1
-8-RL=2
—O-RL=4
—A-RL=8
~7RL=16
—*—RL=32

14

-12

-10 -8

6

4

2 0 2
SNR (dB)

4

6

8

10 12 14



 [image: image31.jpg]BLER

10°

PUSCH payload=1032 bits, 6RBs, Cross-SF CE, fo=10!
T T T T T T T

0Hz

.
—©-RL=2
—8-RL=4
—O—RL=8
—A-RL=16
~7-RL=32

Ny

SNR (dB)

10



 [image: image32.jpg]BLER

PUSCH payload=1192 bits, 6RBs, Cross-SF CE, fo=100Hz

—©-RL=2
—8-RL=4

—O—RL=8
—A-RL=16
\"" RL=32

-6 -4 2 0 2 4 6 8 10 12
SNR (dB)



[image: image33.jpg]BLER

10°

PUSCH payload=1352 bits, 6RBs, Cross-SF CE, fo=10!
T T T T T T T

0Hz

.
—©-RL=2
—8-RL=4
—O—RL=8
—A-RL=16

~~RL=32

2 4 6
SNR (dB)

10 12



[image: image34.jpg]BLER

10°

PUSCH payload=1544 bits, 6RBs, Cross-SF CE, fo=1
T T T T T T

00Hz

.
—©-RL=2
—8-RL=4
—O—RL=8
—A-RL=16

~7~RL=32

2 4 6
SNR (dB)

10 12



[image: image35.jpg]BLER

PUSCH payload=1736 bits, 6RBs, Cross-SF CE, fo=100Hz
T T T T T T T

100 . T T
—©-RL=2
—8-RL=4
—O—RL=8
—A-RL=16
~7-RL=32
107 1
102f 1
10-3 1 L L 1 1 L L 1 § !

-8 -6 -4 2 0 2 4 6 8 10 12 14
SNR (dB)



[image: image36.jpg]BLER

10°

102

PUSCH payload=1800 bits, 6RBs, Cross-SF CE, fo=10!
T T T T T T T

0Hz

; .
—©-RL=2
—8-RL=4
—O—RL=8
—A-RL=16
~7-RL=32

AN

2 4
SNR (dB)

10

12

14



[image: image37.jpg]BLER

PUSCH payload=1928 bits, 6RBs, Cross-SF CE, fo=100Hz
T T T T T T T

10° T

; .
—©-RL=2
—8-RL=4
—O—RL=8
—A-RL=16

I 1 I I | 1
-8 -6 -4 2 0 2 4 6 8 10 12
SNR (dB)



[image: image38.jpg]BLER

10°

PUSCH payload=2152 bits, 6RBs, Cross-SF CE, fo=100Hz
T T T T T T T

AN

.
—©-RL=2
—8-RL=4
—O—RL=8
—A-RL=16

~~RL=32

2 4
SNR (dB)



[image: image39.jpg]BLER

10°

PUSCH payload=2792 bits, 6RBs, Cross-S!
T T T T T T

F CE,

fo=100Hz
T

: '
—©-RL=2
—8-RL=4
—O—RL=8
—A-RL=16
~7-RL=32

SNR (dB)



[image: image40.jpg]BLER

10°

102

PUSCH payload=2984 bits, 6RBs, Cross-SF CE,
T T T T T T

fo=100Hz
T

N

: '
—©-RL=2
—8-RL=4
—O—RL=8
—A-RL=16
~7-RL=32

SNR (dB)




Figure 4. PUSCH link-level performance with 6-PRB allocation.
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