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1 Introduction

In RAN2 #94 meeting, an LS on VoLTE and video quality related enhancements is sent [1], suggesting RAN1 to investigate the packet delay and achievable coverage for VoLTE and video under the assumptions given in Table 1 [2].
	Codec
	RAN aggregation (Note 1)
	Application encapsulation (Note 2)
	Payload (Note 3)
	RTP header (ROHC)
	PDCP
	RLC
	MAC
	BSR
	PHR
	Inter tx time (ms)
	Total (bytes)
	TBS (bits) (Note 4)

	EVS 7.2kbps
	1
	1
	18
	3
	2
	2
	1
	4
	2
	20
	32
	256

	EVS 7.2kbps
	2
	1
	18*2
	3*2
	2*2
	4
	1
	4
	2
	40
	57
	456

	EVS 7.2kbps
	3
	1
	18*3
	3*3
	2*3
	5
	1
	4
	2
	60
	81
	648

	EVS 7.2kbps
	4
	1
	18*4
	3*4
	2*4
	7
	1
	4
	2
	80
	106
	848

	EVS 7.2kbps
	1
	2
	19*2
	3
	2
	2
	1
	4
	2
	40
	52
	416

	EVS 7.2kbps
	1
	3
	19*3
	3
	2
	2
	1
	4
	2
	60
	71
	568

	EVS 7.2kbps
	1
	4
	19*4
	3
	2
	2
	1
	4
	2
	80
	90
	720


Table 1. Proposed recommended evaluation assumptions for VoLTE quality related enhancements
In this contribution, we present the evaluation results for cases listed in Table 1. In addition, due to the industry popularity and wide applicability of AMR codecs, we also evaluated the AMR-NB 4.75kbps codec and AMR-WB codecs with various codec data rates.
2 Link-level performance for unicast PDSCH and PUSCH transmissions
In this section, we present the link-level evaluation results for unicast PDSCH and PUSCH transmissions with EVS 7.2 kbps codec, AMR-NB 4.75kbps codec and AMR-WB codecs. 

2.1 MCL for various TBSs and RLs

The maximum coupling loss (MCL) for various TBSs and RLs for unicast PDSCH and PUSCH transmissions are presented in Table 2 and Table 3, respectively. Detailed BLER curves versus SNR with different TBSs and RLs are shown in Appendix B. The targeting BLER is set to be 1%, for the study of cases with one HARQ transmission, i.e., with initial transmission only.
	BLER=1%
	Payload (bits) for PDSCH with 6 PRBs

	RL
	208
	256
	328
	408
	504
	600
	712
	808
	936

	1
	134.57
	133.47
	133.17
	132.17
	131.17
	129.67
	129.27
	128.17
	127.37

	2
	137.37
	136.97
	135.17
	135.27
	133.97
	133.17
	132.57
	132.17
	131.37

	4
	140.17
	139.37
	138.47
	137.87
	137.27
	136.57
	135.67
	135.77
	134.87

	8
	142.77
	141.97
	141.07
	140.47
	140.27
	139.17
	138.77
	138.37
	137.27

	16
	145.67
	144.97
	144.27
	143.37
	142.97
	142.37
	141.17
	141.07
	140.97


Table 2. The MCL (dB) for unicast PDSCH with 6 PRBs.
	BLER=1%
	Payload (bits) for PUSCH with 3 PRBs

	RL
	176
	208
	256
	328
	392
	456
	504
	584
	680
	744
	840

	1
	129.18
	128.48
	127.78
	126.18
	125.68
	124.28
	123.68
	122.78
	121.38
	120.98
	119.78

	2
	131.98
	131.18
	130.58
	129.38
	129.08
	128.48
	127.98
	126.08
	124.98
	124.88
	124.48

	4
	135.08
	134.28
	133.68
	132.28
	131.98
	131.38
	130.98
	129.48
	128.38
	128.28
	127.88

	8
	137.68
	137.18
	136.38
	135.38
	134.68
	134.58
	133.88
	132.08
	131.38
	130.88
	130.58

	16
	140.28
	140.08
	139.38
	138.38
	137.88
	137.58
	136.68
	135.18
	134.58
	134.38
	133.38

	32
	143.88
	143.38
	142.78
	142.28
	141.68
	140.78
	140.38
	138.38
	137.88
	137.58
	136.88


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

	RL
	208
	256
	328
	408
	504
	600
	712
	808
	936

	1
	128.37
	127.67
	126.57
	125.97
	124.87
	124.07
	122.87
	122.17
	121.57

	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


Table 3. The MCL (dB) for PUSCH with 3 and 6 PRBs.
From Table 3, given the MCL for PUSCH with 3 PRBs and with 6 PRBs, we make the following observations.
Observation 1:
· For small TBS (e.g., TBS of 256 bits or 504 bits), MCLs for PUSCH with 3 PRBs and with 6 PRBs are almost the same, which implies that the coverage keeps approximately the same as bandwidth increases for small TBS.
· For large TBS (e.g., TBS of ~700bits or larger), MCL for PUSCH with 6 PRBs is larger than MCL for PUSCH with 3 PRBs. In other words, coverage is improved by increasing bandwidth for large TBS (e.g. TBS of ~700bits).
Based on the above observations, for PUSCH transmission, we focus on the case with 6-PRB allocation in the remainder of this contribution.

2.2 MCL for EVS and AMR codecs
Mapping the TBS to different codecs, the MCL for EVS 7.2 kbps codec under assumptions given in Table 1 is presented in Table 4. In addition, Table 5 provides the MCL for AMR codecs with different codec rates. 
Though the LS [1] only gives the evaluation assumptions with Robust Header Compression (RoHC), we think it is also important to study scenarios without RoHC, as 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.
The studies of scenarios with and without RoHC are both provided below. Note that 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 3-subframe gap between DL and UL transmissions can be within the inter-transmission time. 
	BLER=1%
	With RoHC
	Without RoHC

	Case
	Inter Tx Time (ms)
	Payload + Headers 
	TBS
	MCL
	DL RLs
	UL RLs
	HARQ Tx
	Payload + Headers
	TBS
	MCL
	DL RLs
	UL RLs
	 HARQ Tx

	1
	20
	256
	256
	136.17
	2
	8
	1
	712
	712
	132.67
	4
	8
	1

	2
	40
	456
	504
	136.97
	4
	16
	1
	1368
	na
	na
	na
	na
	1

	3
	60
	648
	712
	139.47
	16
	32
	1
	2016
	na
	na
	na
	na
	1

	4
	80
	848
	936
	138.47
	16
	32
	1
	2672
	na
	na
	na
	na
	1

	5
	40
	416
	504
	136.97
	4
	16
	1
	872
	936
	134.87
	4
	16
	1

	6
	60
	568
	600
	139.77
	16
	32
	1
	1024
	na
	na
	na
	na
	1

	7
	80
	720
	808
	138.77
	16
	32
	1
	1176
	na
	na
	na
	na
	1


Table 4. The MCL for EVS 7.2 kpbs with 6 PRBs allocated for PDSCH and PUSCH transmissions. Cases 1-7 refers to the scenarios listed in rows 1-7 of Table 1, respectively. The cases with “na” refer to the codecs with TBS larger than 1000 bits, which are not feasible for Cat M1 UEs.
	  BLER=1%
	20ms, with RoHC
	20ms, without RoHC

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

	AMR-NB
	4.75
	168
	208
	136.97
	2
	8
	624
	712
	132.67
	4
	8

	AMR-WB
	6.6
	208
	208
	136.97
	2
	8
	664
	712
	132.67
	4
	8

	AMR-WB
	8.85
	248
	256
	136.17
	2
	8
	704
	808
	131.97
	2
	8

	AMR-WB
	12.65
	328
	328
	135.27
	4
	8
	784
	808
	131.97
	2
	8

	AMR-WB
	14.25
	360
	408
	134.87
	2
	8
	816
	936
	131.27
	2
	8

	AMR-WB
	15.85
	392
	408
	134.87
	2
	8
	848
	936
	131.27
	2
	8

	AMR-WB
	18.25
	440
	504
	133.97
	2
	8
	896
	936
	131.27
	2
	8

	AMR-WB
	19.85
	472
	504
	133.97
	2
	8
	928
	936
	131.27
	2
	8

	AMR-WB
	23.05
	536
	600
	133.27
	4
	8
	992
	na
	na
	na
	na

	AMR-WB
	23.85
	552
	600
	133.27
	4
	8
	1008
	na
	na
	na
	na


	BLER=1%
	40ms, with RoHC
	40ms, without RoHC

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

	AMR-NB
	4.75
	312
	328
	138.57
	8
	16
	1224
	na
	na
	na
	na

	AMR-WB
	6.6
	392
	408
	137.57
	4
	16
	1304
	na
	na
	na
	na

	AMR-WB
	8.85
	472
	504
	136.97
	4
	16
	1384
	na
	na
	na
	na

	AMR-WB
	12.65
	632
	712
	136.07
	8
	16
	1544
	na
	na
	na
	na

	AMR-WB
	14.25
	696
	712
	136.07
	8
	16
	1608
	na
	na
	na
	na

	AMR-WB
	15.85
	760
	808
	135.37
	4
	16
	1672
	na
	na
	na
	na

	AMR-WB
	18.25
	856
	936
	134.87
	4
	16
	1768
	na
	na
	na
	na

	AMR-WB
	19.85
	920
	936
	134.87
	4
	16
	1832
	na
	na
	na
	na

	AMR-WB
	23.05
	1048
	na
	na
	na
	na
	1960
	na
	na
	na
	na

	AMR-WB
	23.85
	1080
	na
	na
	na
	na
	1992
	na
	na
	na
	na


Table 5. The MCL for AMR codecs with 6 PRBs allocated for PDSCH and PUSCH transmissions. The cases with “na” refer to the codecs with TBS larger than 1000 bits, which are not feasible for Cat M1 UEs.
Based on the results, we summarize the following observations for VoLTE and video with different codecs.
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 codec with RoHC, MCL is ~136.17dB for inter-transmission time of 20ms, while MCL is ~138.47dB for inter-transmission time of 80ms.
· For AMR codecs with RoHC, MCL is 133.27-136.97dB for inter-transmission time of 20ms, while MCL is 134.87-138.57dB for inter-transmission time of 40ms.
· With RoHC, most codecs have TBS less than 1000 bits, while without RoHC, TBS greater than 1000 bits is needed. The achievable coverage is much more limited (2.7-4.3dB less) in cases without RoHC.
· The feasibility of the VoLTE support highly depends on the assumptions, e.g. with or without RoHC.

Based on the above observations, we make the following proposals.

Proposal 1:
· Capture the presented evaluation results including Table 4 and Table 5 as the response to the LS.
Proposal 2:
· The study of VoLTE support for Cat M1 UEs should take into account the scenarios without RoHC, as there are cases where RoHC is not possible.
Proposal 3:
· Besides the EVS codec, the study of VoLTE support for Cat M1 UEs should also consider other various kinds of codecs, including AMR-WB codecs which have been widely used.
3 Conclusion

In this contribution, we provided link-level evaluation results under assumptions suggested by LS from RAN2 [1]

 REF _Ref458701942 \r \h 
[2]. Based on the presented link-level studies, we make the following observations and proposals:

Observation 1:
· For small TBS (e.g, TBS of 256 bits or 504 bits), MCLs for PUSCH with 3 PRBs and with 6 PRBs are almost the same, which implies that the coverage keeps approximately the same as bandwidth increases for small TBS.
· For large TBS (e.g., TBS of ~700bits or larger), MCL for PUSCH with 6 PRBs is larger than MCL for PUSCH with 3 PRBs. In other words, coverage is improved by increasing bandwidth for large TBS (e.g. TBS of ~700bits).
Observation 2:
· For a specific inter-transmission time, the MCL decreases as payload size increases. 

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

· For EVS 7.2 kbps codec with RoHC, MCL is ~136.17dB for inter-transmission time of 20ms, while MCL is ~138.47dB for inter-transmission time of 80ms.

· For AMR codecs with RoHC, MCL is 133.27-136.97dB for inter-transmission time of 20ms, while MCL is 134.87-138.57dB for inter-transmission time of 40ms.
· With RoHC, most codecs have TBS less than 1000 bits, while without RoHC, TBS greater than 1000 bits is needed. The achievable coverage is much more limited (2.7-4.3dB less) in cases without RoHC.

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

Proposal 1:
· Capture the presented evaluation results including Table 4 and Table 5 as the response to the LS.

Proposal 2:
· The study of VoLTE support for Cat M1 UEs should take into account the scenarios without RoHC, as there are cases where RoHC is not possible.
Proposal 3:
· Besides the EVS codec, the study of VoLTE support for Cat M1 UEs should also consider other various kinds of codecs, including AMR-WB codecs which have been widely used.
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Appendix A: Simulation Assumptions
	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
	0Hz 

	PDSCH occupied BW
	6 PRBs

	HARQ
	Not enabled

	Performance target
	1% BLER

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


Table 6. Simulation assumptions for PDSCH. 
	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
	3, 6 PRBs

	HARQ
	Not enabled

	Performance target
	1% BLER

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


Table 7. Simulation assumptions for PUSCH. 

Appendix B: Link-level Results
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Figure 1. PDSCH link-level performance.
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Figure 2. PUSCH link-level performance with 3-PRB allocation.
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Figure 3. PUSCH link-level performance with 6-PRB allocation.
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