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Discussion and Decision
1
Introduction
In [1], enhancements to improve VoLTE/video quality are being considered. One area is to enhance coverage by reusing coverage enhancement techniques that have been already discussed in previous releases. In this contribution, we examine eMTC techniques and whether they can be used to improve VoLTE quality. 
2
VoLTE Enhancements
In Rel-12, a reduced 12ms HARQ round-trip time was introduced for TTI bundling via the e-HARQ-Pattern-r12 field. This allows for 5 TTI bundles to be transmitted per voice frame as shown in Figure 1. In this case, each voice frame can be transmitted using a maximum of 20 subframes (i.e. 5 TTI bundles distributed every 12ms). The maximum delay is 52ms which is close to the typical 50ms delay budget allocated to the physical layer. 
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Figure 1. VoLTE transmission with Rel-12 HARQ pattern.
In Rel-13, coverage enhancement techniques were introduced for eMTC. They include repetitions, multi-subframe channel estimation, and frequency hopping. In addition, several other techniques were also studied including increasing DMRS density and sub-PRB allocation (i.e. PSD boosting). These techniques allow eMTC coverage to be enhanced by up to 18 dB to reach the target MCL of 155.6 dB. With respect to applying techniques studied in eMTC to VoLTE, the following points are noted -
· Repetition – In eMTC CE Mode A, up to 32 repetitions can be supported. However, VoLTE traffic is both delay sensitive and periodic. With voice frame arriving every 20ms, it is seen from Figure 1 that Rel-12 HARQ timing is already optimized to fill up all subframes. If eMTC repetition is used instead of TTI bundling, the supported number of repetitions is {2,4,8,16,32} for CE Mode A. This will leave some gap as the number of repetition does not fill all the subframes completely. Therefore, eMTC repetition is unlikely to outperform Rel-12 TTI bundling which can fully utilize all subframes.
· Multi-subframe channel estimation – With TTI bundling, multi-subframe channel estimation is already possible in VoLTE. However, eMTC repetition may provide better channel estimation gain as the repetition is continuous rather than discontinuous. However, as noted in [2], channel estimation gain is sensitive to frequency error. With 100Hz frequency error, at most 3 subframes can be used for channel estimation. Thus, there may only be a slight gain in channel estimation from continuous repetition. On the other hand, less time diversity is achieved using eMTC repetition.
· Frequency hopping – Frequency hopping is already possible in VoLTE either using intra-subframe or inter-subframe hopping. However, this cannot be easily used together with multi-subframe channel estimation. Therefore, a promising approach is to adopt frequency hopping scheme from eMTC which can easily support multi-subframe channel estimation. 
· Increased DMRS density – Increasing DMR density can also improve performance, especially in low SNRs. This can work especially well for UEs in medium to high speed, as the channel is changing too rapidly for multi-subframe channel estimation to work well. Thus, this technique should be considered further.
· Sub-PRB allocation – This can provide some gain in system capacity but has little impact in helping with coverage. 
Based on the above discussion, it is seen that the two new eMTC techniques that are most promising for VoLTE quality are (1) multi-subframe channel estimation with frequency hopping and (2) increasing DMRS density. Other techniques are already available via implementation (e.g. multi-subframe channel estimation) or unlikely to improve VoLTE quality (e.g. repetition or sub-PRB allocation).
Observation 1: Two promising VoLTE enhancement techniques from eMTC are (1) frequency hopping with multi-subframe channel estimation and (2) increased DMRS density.
As seen in Figure 1, it is difficult to improve VoLTE performance beyond Re-12 UE due to the time sensitive and periodic nature of VoLTE traffic. One approach that can be considered is to use voice frame aggregation. This reduces the amount of higher layer overhead, thus providing some gain at the expense of larger delay due to aggregation. For example, using EVS 7.2 kbps codec, the UE would have to transmit 256 bits every 20ms. When 2 voice frames are aggregated together, the payload size is only 440 bits every 40ms as only 1 PDCP/RLC/MAC overhead is needed. As a result, the required instantaneous data rate is reduced. For example, in this case, a gain of approximately 0.5dB can be achieved through overhead reduction. Other examples for voice frame aggregation can be found in [3]. Additional gain may also be possible from time diversity due to longer transmission. However, this aggregation will introduce additional delay. Thus, with a relaxed delay budget, voice frame aggregation can provide some gain.
Observation 2: With a relaxed delay budget, voice frame aggregation can provide some gain in VoLTE coverage.
Figure 2 shows VoLTE transmission with 2-frame aggregation (i.e. one packet transmitted every 40ms). If the Rel-12 HARQ pattern is used, this would require up to 112ms to transmit 10 copies of the packet (i.e. 40ms of transmission time which is double the transmission time without voice frame aggregation). The delay for the first voice frame is then 132ms. Thus, it can be seen that the delay is significantly increased. Note that the latency can be decreased by reducing the maximum number of retransmissions. This, however, will reduce the coverage.
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Figure 2. VoLTE transmission with voice frame aggregation - (a) Rel-12 HARQ pattern and (b) eMTC repetition using CE Mode A.
On the other hand, if eMTC repetition is used together with voice frame aggregation, the delay can be significantly reduced as shown in Figure 2. This is because eMTC repetition is continuous. In this example, the delay for the first packet is reduced from 132ms to 52ms. 
Observation 3: Delay can be significantly reduced when eMTC repetition is used with voice frame aggregation.
However, due to the fact that CE Mode A supports {2,4,8,16,32} repetitions, only 32ms can be used to transmit the packet instead of 40ms. This represents a coding loss of approximately 1dB. Thus, it should be studied whether additional number of repetitions can be supported in CE Mode A. For example, 20 and 40 repetitions can be included to allow for all subframes to be utilized for VoLTE. 
Observation 4: Consider additional number of repetitions in CE Mode A (e.g. 20, 40) in order to use all subframes for VoLTE.
3
Conclusion
In this contribution, we consider VoLTE enhancements and make the following observations –

Observation 1: Two promising VoLTE enhancement techniques from eMTC are (1) frequency hopping with multi-subframe channel estimation and (2) increased DMRS density.
Observation 2: With a relaxed delay budget, voice frame aggregation can provide some gain in VoLTE coverage.
Observation 3: Delay can be significantly reduced when eMTC repetition is used with voice frame aggregation.
Observation 4: Consider additional number of repetitions in CE Mode A (e.g. 20, 40) in order to use all subframes for VoLTE.
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