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Discussion and Decision
1
Introduction
In RAN1#86bis, it was agreed that –

· RAN1 design will assume delay budget relaxation for UL voice packets 

· Prioritize consideration of the following in VoLTE enhancements in FeMTC for BL/CE UE considering overall system impacts:
· New number(s) of repetitions for PUSCH

· Adjusted scheduling relationships between physical channels

· SRS coverage enhancement
· Discontinuous PUSCH transmission
· SPS and non-SPS cases should both be considered
In this contribution, we provide further details on ways to improve VoLTE coverage for HD-FDD FeMTC UE.

2
VoLTE Enhancements
Currently, a typical air-interface delay budget of 50ms is used for VoLTE. In RAN1#85bis, it was agreed that RAN1 design will assume air-interface delay budget relaxation for voice packets. This delay relaxation allows more speech frames to be bundled together, thus reducing higher-layer overhead. Table 1 shows example of the uplink air-interface delay for different speech frame aggregation and estimated numbers of repetitions. Note that not all numbers of repetitions used are currently supported in CE Mode A and that retransmission is not considered here. From the table, it is seen that up to 3 speech frame aggregation can be supported if the delay budget can be relaxed to 100ms. If the delay can be relaxed to 150ms, then up to 4 speech frames can be aggregated together.
Table 1. Example of uplink air-interface delay.
	Speech frame aggregation
	Inter transmission times (ms)
	Uplink number of repetitions
	Uplink air-interface delay (ms)

	1
	20
	16
	16

	2
	40
	32
	52

	3
	60
	48
	88

	4
	80
	64
	128


In CE Mode A, the maximum number of repetition is 32. Table 1, however, shows that a larger number should be supported with relaxed air-interface delay. If this is not increased, then HARQ retransmission will be required. However, HARQ retransmission requires a MPDCCH which introduces additional overhead due to the MPDCCH itself, the switching time, and the processing delay. For example, if MPDCCH repetition of 2 is required, the overhead for HARQ retransmission will be 6 subframes. In addition, the starting subframe for a UE search space is given by G*Rmax and the UE will have to wait until the next search space before monitoring the search space. This can introduce additional scheduling delay which will further consume valuable subframes. Therefore, it is proposed to increase the maximum number of repetitions for VoLTE beyond 32.
Proposal 1: Support number of repetition greater than 32 for VoLTE.
In RAN1#85bis, defining new number(s) of repetitions for PUSCH has been indicated as a method to improve coverage. Ideally, the network should be able to utilize all available subframes for transmissions. For instance, in [2], it has been proposed that the repetition factors should satisfy the following criteria: PDSCH_reps + switching time + PUSCH_reps = 20*n, where n corresponds to the inter-transmission time interval. This will allow all subframes to be efficiently utilized. In CE Mode A, the available numbers of repetitions are {1, 2, 4, 8, 16, 32}. In CE Mode B, the available numbers of repetitions are {1, 2, 4, 8, 16, 32, 64, 128, 192, 256, 384, 512, 768, 1024, 1536, 2048}. This corresponds to a step size of approximately 3 dB in the low end and ~1.2dB at the high end. One approach is to have a larger set and use smaller step size to provide fine granularity. The maximum value from the set will depend on the air-interface delay budget. For example, if the delay budget allows for 4 speech frame aggregation, we can construct a set using step size of 0.3 dB and 32 values as follows - {1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 16, 18, 20, 22, 24, 26, 28, 31, 34, 37, 40, 43, 47, 51, 55, 59, 64, 69}. If only 16 values are desired, then the step size can be increased to 0.9 dB and the set can be given as follows – {1, 2, 3, 4, 5, 7, 9, 12, 15, 19, 24, 30, 37, 46, 57, 71}. Therefore, it is proposed that a new larger net of numbers of repetitions is introduced for VoLTE.
Proposal 2: Introduce a new larger set (e.g. 8 or 16 values) of numbers of repetitions for VoLTE.
Although the set of numbers of repetitions is larger, UE would still be configured with only 4 possible values from the set to reuse the current DCI definition. The values can be based on expected number of repetitions which depends on both the MCL and how many speech frames are being aggregated. In Rel-13, only the Rmax value is provided to the UE and a look-up table it used to determine the possible numbers of repetitions. A similar approach may be used here. It is also possible for the eNB to explicitly provide the 4 numbers of repetitions to be used by the UE. This may be helpful in optimizing usage of available subframes.
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. However, with relaxed delay budget, this can be supported as well.
3
Conclusions
In this contribution, we consider VoLTE coverage enhancement techniques for half-duplex UE and make the following proposals –

Proposal 1: Support number of repetition greater than 32 for VoLTE.
Proposal 2: Introduce a new larger set (e.g. 8 or 16 values) of numbers of repetitions for VoLTE.
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