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Discussion and decision
1 Introduction

In RAN2 #94 meeting, an LS on VoLTE and video quality related enhancements [1] was sent to RAN1 requesting feedback on the packet delay and achievable coverage for cat.M1 UEs when using VoLTE and video. Exemplary evaluation assumptions were given in  REF _Ref458761783 \h 
 [2]. This contributions provides higher layer analysis based on the related RAN1 analysis that will be discussed in this August meeting [3], which takes into consideration VoLTE common use cases and cat.M1 related analysis presented on the motivation of the Rel-14 HeMTC WI proposal [4]. In our understanding, these other scenarios are equally important to evaluate VoLTE usage for Cat.M1 UEs, which is one of the objectives defined within Rel-14 agreed FeMTC WI [5].
VoLTE enhancements [RAN1, RAN2]

· From RAN#73: Based on outcome from VoLTE study item
The Annex A shows the key assumptions and results taken in this August RAN1 meeting [3]; our intention is to provide further justification/motivation on the assumed scenarios, as well as, the key observations and implications for RAN2 to take into considering during the Rel-14 eVoLTe SI.
2 Discussion
Our evaluation covers additional VoLTE scenarios, from the ones suggested by RAN2 in last meeting [2] as it is  important to consider different VoLTE deployments that are commonly used. For example, EVS and AMR codecs are both considering, assuming in addition for AMR codec, the usage of different DRX cycles (which are desirables to reduce UE power consumption) and usage of Robust Header Compression (RoHC), understanding that RoHC cannot always be assumed, as explained below. 
Our motivation of also analysing the scenarios without RoHC (which compresses the RTP, UDP, IP header from 60Bytes to 3 Bytes) is because in our understanding RoHC might not always be possible. Event with RoHC enabled, the RoHC compressor may be sent uncompressed header, for instance in the following case:
· 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.
Observation 1. It is important to analyse different VoLTE scenarios commonly used, such as, EVS and AMR codecs, considering the usage DRX cycles and RoHC, while also evaluate when uncompressed header are sent (as it is one scenario equally applicable which will provide results for the worst case).
When focusing on Rel-13 cat.M1 UEs, it is very important to keep in mind the key characteristic that might restrict or impact the VoLTE performance, for example operation on 1.4MHz BR (6PRB per TTI), 1000bits maximum TBS, single receive antenna, HD-FDD deployments, number of repetitions - at least CE mode A (up to around 32).
Our RAN1 analysis evaluates the maximum coupling loss (MCL) for various TBSs and RLs for unicast PDSCH and PUSCH transmissions [2], which allows them to provide the mapping between the MCL to the TBSs, which are associated correspondingly to different codecs type and coder rate(as shown in Table 1-3 within the Annex A [3]). These Table 1-3 show that there is a tradeoff between the packet delay budget and achievable coverage (as shown on the RAN1 related observations also captured in the Annex A). Moreover when RoHC is used, codecs have TBS less than 1000 bits, however with RoHC disabled TBS greater than 1000 bits are required (as marked with yellow in the Table 1-3). Even with RoHC enabled, uncompressed header can be sent at some occasion and in such case some TBS greater than 1000 bits are required. The usage of DRX cycles is preferable to save UE power, however it can also be that there is also an impact seen when higher DRX cycles are used. Moreover the impact is even larger when the usage of DRX is analyzed in conjunction with not using RoHC, as shown on Table 2-3.  In addition, it is observed that when TBS limitation is not there, the achievable coverage is more limited (~2.7-4.3dB less) in cases without RoHC.
Observation 2. When using VoLTE without RoHC and DRX cycles, TBS greater than 1000 bits is required for some of the codec rates; moreover, for larger DRX cycles (e.g. 40ms vs 20ms), this is observed for significant larger number of codec rates, as shown on Table 1-3.
As explained on [5] and considering the evaluation results described here, enabling enhancements to bandwidth-reduced (BR) operation are desirable to allow higher bandwidth and TBS support (which could be referred as extended BR, "ext-BR", operation)  in RRC connected mode depending on data rate requirements. The UE may support only up to a maximum "ext-BR" within the system LTE BW, understanding that the details will need to be analyzed by RAN1 in Rel-14 FeMTC WI [5].
Observation 3. Considering results shown on Table 1-3, the Rel-14 FeMTC WI should discuss the required enhancement to cat.M1 operation to enable the support of VoLTE in the case where the required TBS is greater than 1000bits. 
Proposal 1. To take into consideration the evaluation assumption, results, and observation provided in this contribution and to update the eVLoTE TR accordingly capturing them (at least the key points). 
3 Conclusion

The following observations and proposal are captured on this contribution:
Observation 1.
It is important to analyse different VoLTE scenarios commonly used, such as, EVS and AMR codecs, considering the usage DRX cycles and RoHC, while also evaluate when uncompressed header are sent (as it is one scenario equally applicable which will provide results for the worst case).
Observation 2.
When using VoLTE without RoHC and DRX cycles, TBS greater than 1000 bits is required for some of the codec rates; moreover, for larger DRX cycles (e.g. 40ms vs 20ms), this is observed for significant larger number of codec rates, as shown on Table 1-3.
Observation 3.
Considering results shown on Table 1-3, the Rel-14 FeMTC WI should discuss the required enhancement to cat.M1 operation to enable the support of VoLTE in the case where the required TBS is greater than 1000bits.


Proposal 1.
To take into consideration the evaluation assumption, results, and observation provided in this contribution and to update the eVLoTE TR accordingly capturing them (at least the key points).
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5 Annex A

Our RAN1 simulation results are shown below as reference for this discussion; further details on assumptions and other aspects can be found on [3]. 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 are shown in the next sections
We consider the EVS codec's assumptions (as described on [6]), as well as, lowest VoLTE codec (AMR-NB 4.95kbps) and typical VoLTE codes ranging from 6.6 kbps (AMR-WB Frame Type 0) to 23.85 kbps (AMR-WB Frame Type 8). Moreover DRX cycles of 20 and 40ms are assumed for AMR, as it is always desirable to optimize power consumption by avoiding having the UE active all the time. The corresponding result are shown below.
Table 1. The MCL for EVS 7.2 kpbs with 6 PRBs allocated for PDSCH and PUSCH transmissions. 
	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 2. The MCL for AMR codecs with 6 PRBs allocated for PDSCH and PUSCH transmissions (DRX-20)
	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


Table 3. The MCL for AMR codecs with 6 PRBs allocated for PDSCH and PUSCH transmissions (DRX-40)
	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


