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Discussion and Decision
1
Introduction
In [1], a new WI on voice and video enhancement for LTE was approved. One objective of this work item is to specify techniques for VoLTE coverage enhancements. With respect to RAN1, the following objectives were listed –
· Specify asynchronous UL HARQ transmission, bundle hopping enabling multi-subframe channel estimation, and different repetition levels for the UEs with Category 0 and above
· Strive for a solution that is as similar as possible to PUSCH solution in CE mode A

· Decide maximum bandwidth [RAN1]

· Support scheduling by PDCCH and EPDCCH

· No further coverage enhancements are done for other channels (e.g. no repetition etc. for other channels than PUSCH).

In this contribution, we discuss potential techniques for improving VoLTE coverage for Cat-0 and above UE.

2
VoLTE Coverage Enhancement
In [1], coverage enhancement of the PUSCH is desired with a solution that is as similar as possible to PUSCH in CE Mode A. One approach, of course, is to directly use CE Mode A. However, this requires support of features such as MPDCCH and cross-subframe scheduling in the DL that are not needed in this situation. Based on the conclusions from [2], the key features to be specify are subframe repetition, bundle hopping enabling multi-subframe channel estimation, and adaptive asynchronous HARQ. In addition, only the PUSCH is to be enhanced based on [1]. This means that UE should know when it is in this coverage enhancement mode as PUSCH operations will be different than when it is in normal mode. Two approaches can be considered – semi-static and dynamic configuration. Dynamic configuration is difficult in this case because the expected behaviours are quite different in the two cases (e.g. synchronous versus asynchronous HARQ, timing relationship, etc.). Therefore, it is proposed that UE is configured via RRC signalling when it is in VoLTE coverage enhancement mode.
Proposal 1: UE is configured via RRC signalling to be in VoLTE coverage enhancement mode.
One issue to be decided is the maximum bandwidth to be supported by the UE when it is in VoLTE coverage enhancement mode. In coverage limited scenarios, the usual resource allocation strategy is to minimize the number of assigned PRBs to maximum the SNR (and minimize overhead from this UE). On the other hand, as discussed in [3], speech frames aggregation can be used to improve performance with a relaxed air-interface delay budget. Speech frame aggregation, however, requires transmission of large packet size. In [4], representative TBS values for 1, 2, 3, 4 speech frame aggregation were given as 256, 456, 648, 848 bits. This is for EVS 7.2 kbps codec which is one of the lowest possible rates. Higher codec rate will of course result in larger TBS. In addition, ROHC is assumed here. Without ROHC, the packet size will be significantly larger. However, packets without ROHC can be transmitted without using speech frame aggregation. Therefore, it is reasonable to use around 848 bits as the largest TBS to be supported. From the TBS table in 36.213, it is seen that, for QPSK modulation, we would need 5 PRBs to support 872 bits and 6 PRBs to support 1032 bits. Since allocation of 6 PRBs matches well with the definition of a narrowband in eMTC and can already be supported using DCI format 6-0A, it is proposed to support maximum PUSCH bandwidth of 6 PRBs for this coverage enhancement. 

Proposal 2: Support maximum PUSCH bandwidth of 6 PRBs in VoLTE CE mode.
Table 1 lists supported features for the PUSCH in CE Mode A. This table summarizes how coverage enhancement is supported in CE Mode A.
Table 1. Supported features for PUSCH in eMTC CE Mode A.
	PUSCH - CE Mode A
	Value

	DCI format
	6-0A

	Supported modulation levels
	QPSK, 16-QAM

	Resource block allocation
	RAT0 within narrowband

	Maximum number of repetitions
	32

	Frequency hopping
	Between 2 narrowbands, enabled by higher-layer. If enabled, can be turned on/off by DCI

	Frequency hopping interval
	FDD: {1, 2, 4, 8}, TDD: {1, 5, 10, 20}

	Scrambling sequence interval
	1

	Power control
	Legacy power control

	HARQ
	Adaptive asynchronous

	Number of HARQ processes
	Same as Cat-0 UE

	SRS
	Supported

	CSI
	Supported


Instead of TTI bundling, CE Mode A supports repetition with a configurable number of repetitions. The set of available repetitions is {1,2,4,8,16,32}. In this case, it may not be necessary to support some numbers of repetitions like 1 and 2 as they would provide lower coverage than TTI bundling. Having continuous repetition can be advantageous from a delay perspective also. For instance, in Rel-12, 5 copies of the TTI bundles (20 ms) can be transmitted for VoLTE . This corresponds to 52 ms air-interface delay. If continuous repetition is used, the delay can be as low as 20 ms. Therefore, it would be beneficial to adapt the repetition scheme from eMTC.
Proposal 3: Support PUSCH repetition scheme from eMTC.
Frequency hopping with multi-subframe channel estimation has been identified as a key technique for improving VoLTE performance. To minimize specification impact, we can adopt frequency hopping scheme from eMTC which can easily support multi-subframe channel estimation. Therefore, it is proposed that ffrequency hopping reuses the scheme from CE Mode A.

The scheme can be briefly summarized. First, frequency hopping is cell specific and can be configured via a parameter to activate / deactivate hopping within the cell. When hopping is configured, it can be dynamically indicated in DCI. Hopping is between 2 narrowbands with a hopping interval that is configured by higher layer. The first narrowband is given in the DCI and the other narrowband is determined using a configurable offset.
Proposal 4: Support PUSCH frequency hopping scheme from eMTC. 
Another potential improvement can be the use of asynchronous adaptive HARQ in the uplink. For asynchronous HARQ, there is no need for the UE to monitor the PHICH for ACK/NACK as this information can be conveyed by the DCI. This introduces some inefficiency as a retransmission will require a PDCCH. However, as continuous repetition is now possible instead of TTI bundling, UE can enjoy long transmission without having to rely on HARQ. Therefore, it would be acceptable to support only asynchronous adaptive HARQ for PUSCH.
Proposal 5: Support only asynchronous adaptive HARQ for PUSCH in VoLTE CE mode.

Since we are reusing a lot of the features from CE Mode A, it would be natural to reuse DCI format 6-0A for scheduling the PUSCH. This DCI format can already address a narrowband and supports eMTC frequency hopping. Therefore, it is proposed to reuse DCI format 6-0A for PUSCH. However, there is no MPDCCH support and this DCI must be transmitted on the PDCCH or EPDCCH. That is not expected to be an issue. In addition, there would also be no repetition supported, which means that the DCI subframe repetition number field is not used. In this case, 2 bits can be left out.
One point is that the size of DCI 6-0A should be the same as DCI format 1 which will be used to schedule the PDSCH. This should not be a problem as DCI 6-0A is compact and smaller than DCI format 0.
Proposal 6: Reuse DCI format 6-0A for PUSCH in VoLTE CE mode.
One issue is that CE Mode A only support {1,2,4,8,16,32} repetitions for PUSCH. So if speech frame aggregation is used, Table 2 shows the number of repetitions that can be supported using SPS which is not well aligned with the VoLTE inter-transmission time. 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 PDCCH in the case of adaptive asynchronous HARQ.
Table 2. Number of repetitions for VoLTE using CE Mode A.
	Speech frame aggregation
	Inter transmission times (ms)
	Uplink number of repetitions

	1
	20
	16

	2
	40
	32

	3
	60
	32

	4
	80
	32


We can see that the numbers of repetitions for CE Mode A are not all well aligned to the VoLTE inter-transmission 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 7: Support different numbers of repetitions compared to CE Mode A so UE can efficiently utilize the available transmission time. 

3
Conclusions
In this contribution, we consider VoLTE coverage enhancement for Cat-0 UE and above and make the following observations –

Proposal 1: UE is configured via RRC signalling to be in VoLTE coverage enhancement mode.
Proposal 2: Support maximum PUSCH bandwidth of 6 PRBs in VoLTE CE mode.
Proposal 3: Support PUSCH repetition scheme from eMTC.
Proposal 4: Support PUSCH frequency hopping scheme from eMTC. 

Proposal 5: Support only asynchronous adaptive HARQ for PUSCH in VoLTE CE mode.

Proposal 6: Reuse DCI format 6-0A for PUSCH in VoLTE CE mode.
Proposal 7: Support different numbers of repetitions compared to CE Mode A so UE can efficiently utilize the available transmission time. 
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