3GPP TSG RAN WG1 Meeting #86-bis
R1-1608898
Lisbon, Portugal, 10th-14th October 2016
Agenda item:

7.2.8.4
Source:
Nokia, Alcatel-Lucent Shanghai Bell
Title:
VoLTE enhancements for FeMTC
Document for:

Discussion and Decision
1
Introduction
In [1], VoLTE performance for HD-FDD Cat-M1 was analysed. It was observed that coverage may be limited by either DL or UL. In addition, with speech frame aggregation, VoLTE coverage for HD-FDD Cat-M1 UE is similar to Cat-1 UE. In this contribution, we discuss several ways to improve VoLTE coverage for HD-FDD FeMTC UE.

2
VoLTE Enhancements for FeMTC
In RAN1#86bis, VoLTE quality improvements were considered and the following points were agreed to be captured in a LS to RAN2 [2] –
· VoLTE coverage can be effectively enhanced by relaxing the air interface delay budget. As an example, if the delay budget is extended to 100ms, about 1~3dB coverage gain can be achieved compared with 50ms delay budget for full duplex UEs. Extending maximum packet transmission time beyond 100ms can further improve the coverage. Techniques that can be used to extend the coverage if the air interface delay budget is relaxed are asynchronous UL HARQ transmission and different repetition levels in combination with RTP packet bundling.

· Note that the performance can be significantly impacted by the assumption of header compression.

· The multi-subframe frequency hopping technique that was specified in CE mode A, which enables cross-subframe channel estimation, can be used to enhance the VoLTE coverage effectively.
· 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.
As noted above, relaxing the air interface delay budget can improve coverage as this allows more speech frames to be aggregated together. Figure 1 illustrates VoLTE transmission with speech frame aggregation where 2 speech frames are aggregated together. The total time available for VoLTE transmission is 40 ms which is divided into 4 ms in the downlink and 32 ms in the uplink. However, the actual uplink transmission time for data is 30 ms as 2 ms are punctured by ACK/NACK.
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Figure 1. VoLTE transmission for half-duplex Cat-M1 with speech frame aggregation.
Speech frame aggregation lowers the segmentation overhead. For instance, from [3], the TBS values for 1, 2, 3, 4 speech frame aggregation are 256, 456, 648, and 848 bits, respectively. The saving in overhead when 4 speech frames are aggregated is around 17% and can increase link budget by close to 1 dB. The delay, however, increases as more speech frames are aggregated together. Furthermore, for HD-FDD UE, the available time must be divided between downlink and uplink transmissions. One issue is that CE Mode A only support {1,2,4,8,16,32} repetitions for PDSCH and PUSCH. So if speech frame aggregation is used, Table 1 shows the number of repetitions that can be supported using SPS. It can be seen that, for more than two aggregation, at most 32 subframes can be used on the uplink. This prevents efficient use of available transmission time and requires HARQ. HARQ, however, requires a MPDCCH and also takes away some of the available time budget.
Table 1. Number of repetitions for VoLTE using CE Mode A.
	Speech frame aggregation
	Inter transmission times (ms)
	Downlink number of repetitions
	Uplink number of repetitions
	Total transmission time – DL + UL (ms)

	1
	20
	2
	16
	18

	2
	40
	4
	32
	36

	3
	60
	8
	32
	40

	4
	80
	16
	32
	48


Even if we extend repetition by allowing some values from CE Mode B, this is still not efficient as the numbers of repetition are {1, 2, 4, 8, 16, 32, 64, 128, 192, 256, 384, 512, 768, 1024, 1536, 2048} and not well aligned to the VoLTE inter-arrival time. For example, with 60 ms inter transmission time, the largest number of repetition that can be used for HD-FDD UE is 32. Therefore, it is proposed to introduce additional numbers of repetitions so that HD-FDD UE can more efficiently utilize the available transmission time and optimize DL/UL utilization.
Proposal 1: Introduce additional numbers of repetitions for CE Mode A so that HD-FDD UE can efficiently utilize the available transmission time and optimize DL/UL utilization. 

Semi-persistent scheduling is important in maximizing VoLTE coverage for HD-FDD FeMTC UE. Currently, SPS is only supported in CE Mode A. However, the maximum number of repetitions in CE Mode A is 32. It can be seen from Table 1 that 32 repetitions will be insufficient when more than two speech frames are aggregated together. Therefore, it is proposed to increase the maximum number of repetitions for CE Mode A beyond 32.
Proposal 2: Support number of repetition greater than 32 for CE Mode A.
In addition speech frame aggregation and supporting additional numbers of repetitions, there are several other possible techniques for improving VoLTE coverage. Two of these techniques are (1) targeting higher BLER operating point and (2) using discontinuous transmission.

Figure 2 illustrates PUSCH and PDSCH performance of AMR-WB 6.6 kbps VoLTE service for both Cat-1 and HD-FDD Cat-M1 UE. Without speech frame aggregation, the TBS is 256 bits for PUSCH and 208 bits for PDSCH. The transport block size is smaller for the downlink because there is no BSR and PHR in the MAC packet. Also, 1 PRB is used in the uplink while 6 PRBs are used in the downlink. With speech frame aggregation of two, the TBS is 456 bits for PUSCH and 408 bits for PDSCH. In this case, 3 PRBs are used in the uplink while 6 PRBs are used in the downlink. The propagation channel is EPA 5Hz. The target BLER is 1% and the air-interface delay budget of around 50ms is used.
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Figure 2. AMR-WB 6.6kbps performance for PUSCH and PDSCH.
From Figure 2, it can be seen that relaxing the BLER target can also improve coverage significantly. For example, coverage can be improved by 2 dB if BLER of 3% is used instead of 1%. Although this will impact QoS and MOS scores, it may be acceptable for cell-edge voice calls.   
Observation 1: VoLTE coverage can be improved by targeting higher BLER.
Another possible method to improve coverage is to use distributed transmission to achieve time diversity. This is shown in Figure 3 where the 32 ms uplink time budget is divided into two separate transmissions. The two transmissions have a fixed separation and is part of the semi-persistent scheduling assignment.
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Figure 3. VoLTE transmission for half-duplex Cat-M1 with discontinuous repetitions.
Figure 4 illustrates performance improvement using discontinous transmission. At the 1% BLER operating point, there is a gain of approximately 1.5 dB. The gain reduces with higher BLER. For example, at 3% BLER, the gain is approximately 1 dB. In both cases, however, the gain is significant.
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Figure 4. AMR-WB 6.6kbps performance for PUSCH – continuous and distributed.
The disadvantage of discontinous transmission is the additional latency. In the example shown in Figure 3, continuous transmission can result in uplink delay of as low as 32 ms. However, with discontinous transmission, the delay increases to more than 56 ms.
Observation 2: Discontinous transmission can improve coverage at the expense of additional delay.
3
Conclusions
In this contribution, we consider VoLTE coverage enhancement techniques for HD-FDD Cat-M1 UE and make the following proposals and observations –

Proposal 1: Introduce additional numbers of repetitions for CE Mode A so that HD-FDD UE can efficiently utilize the available transmission time and optimize DL/UL utilization.
Proposal 2: Support number of repetition greater than 32 for CE Mode A.
Observation 1: VoLTE coverage can be improved by targeting higher BLER.
Observation 2: Discontinous transmission can improve coverage at the expense of additional delay.
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