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1 Introduction

During RAN1 #86bis meeting [1], the following was agreed regarding further work towards enhancing VoLTE support for Rel-14 BL/CE UEs:
· 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

· Ask RAN2+RAN4: What can be assumed regarding need for intra- and inter-frequency measurement gaps, in synchronized and non-synchronized networks [R1-1611053]

· Ask RAN2: For feedback on what delay budget relaxation can be assumed [R1-1611053]

In this contribution, we discuss some of the identified techniques for VoLTE enhancements in feMTC for BL/CE UEs.
2 New number(s) of repetitions for PUSCH
In CE mode A, Rel-13 eMTC supports the following numbers of repetitions: {1, 2, 4, 8, 16, 32}. It has been identified that various new numbers of repetitions can be introduced with the aim of enabling a more efficient utilization of the available subframes for DL and UL repetitions within the inter-transmission time intervals depending on the level of speech packet aggregation used.
For cases with aggregation of multiple speech packets the maximum number of repetition of 32 supported in CE mode A may not be sufficient to exploit the available time resources. Thus, inclusion of numbers of repetitions larger than 32 may be considered.
For conversational voice, it is important that the DL and UL MCL are balanced in order to achieve the best coverage performance given a certain delay budget. Thus, the numbers of repetitions for DL and UL channels should be appropriately selected, especially for HD-FDD UEs that require a TDM between the DL and UL channels. Towards this, it has been observed that the current numbers of repetitions may have too coarse granularity for the higher values. For instance, it could be beneficial if a number in between 16 and 32, e.g., 24 is introduced as a new number of repetition. 
To determine the optimal numbers of repetitions to be introduced, it is also necessary to have a clear understanding of the overall air interface latency budget, especially consideration of relaxing the latency budget. For instance, the available delay budget can be used to determine the trade-off between multiple HARQ retransmissions vs. larger number of repetitions to aim for initial low BLER performance. 

Further, another important consideration is the nature of the voice communication and for determining possible new numbers of repetitions, it is imperative that both conversational (two-way) and Push-To-Talk (PTT) type voice communications are considered. For the case of two-way communication using HD-FDD UEs, the overall time budget needs to accommodate the DL channels, the UL channels, and any switching time involved. This would give a certain set of possible new numbers of repetitions. For HD-FDD UEs, assuming SPS-based scheduling, the repetition factors for PDSCH and PUSCH should satisfy the following relationship:

PDSCH_reps + switching time + PUSCH_reps = 20*n, where n = 1, 2, …, refers to the speech packet aggregation level and 20*n denotes the corresponding inter-transmission time intervals.
On the other hand, for the case of PTT type of VoLTE traffic, the new number of repetitions should aim for maximal utilization of the available subframes for either transmission (UL) or reception (DL). Each of these considerations can lead to different sets of choices for new number(s) of repetitions. 
Further, it is necessary to determine whether the new numbers of repetitions can be applicable only for HD-FDD UEs or all BL/CE UEs. For instance, the new number(s) of repetitions based on optimization of PTT type traffic may be suitable also for FD-FDD UEs.
Proposal 1
· To determine potential new number(s) of repetitions, consider both conversational (two-way) and PTT type of voice traffic.
Proposal 2
· RAN1 to discuss whether and which new number(s) of repetitions may apply not only to HD-FDD UEs but all BL/CE UEs.
3 New scheduling/timing relationships 
For the cases of non-SPS scheduling and for HARQ retransmissions, it is expected that some further optimizations in providing flexibility to the network in terms of TDM-based multiplexing of DL reception and UL transmission are possible. Such optimizations can minimize the occurrence of switching events for HD-FDD UEs, thereby improving the resource utilization within the available time budget. This is most prominent in relation to the monitoring of DL control (MPDCCH) for the scheduling of the DL assignment or UL grant, and thus, new adjustable scheduling delays between the MPDCCH and the scheduled PDSCH and/or PUSCH can help in reducing the associated switching time by avoiding some DL (( UL switching events. 

For instance, for non-SPS scheduling, two DCIs can be transmitted back-to-back – one carrying a DL assignment and another an UL grant, such that the UE can receive PDSCH in the DL, switch to the UL for transmission of A/N as well as transmission of the PUSCH without the need to switch to the DL for receiving the UL grant. Thus, the PUSCH needs to be scheduled with an appropriate value of scheduling delay. 

The support of flexible scheduling delays can follow a similar feature supported in NB-IoT for NPDSCH and NPUSCH scheduling, wherein scheduling delay fields in the DCI are used to realize flexible time-domain resource allocation.
A related technique has been proposed as well wherein a single DCI may be used to issue both a DL assignment and an UL grant. However, it needs to be assessed as to the additional benefits from such an approach when compared to the support of adjustable scheduling delays since such a joint DL-UL scheduling approach would need to resort to a reduced flexibility in terms of MCS/TBS/resource allocation and may not be useful for the most typical use case of non-SPS scheduling – namely, scheduling of retransmissions.
Proposal 3 
· Support of adjustable scheduling delays may be considered for more flexible multiplexing of DL and UL channels and minimization of DL/UL switching events.
4 Discontinuous PUSCH transmissions 

Assuming a significant increase in the delay budget, another means of improving the VoLTE coverage is via support of discontinuous PUSCH transmissions in order to harvest time diversity gains. From the network perspective, different users may be multiplexed in time domain via interspersing their PUSCH transmissions. However, similar benefits may be realized via reliance on HARQ retransmissions with time gaps in between. Compared to discontinuous PUSCH transmission, the additional price incurred with the approach of HARQ retransmission is the overhead in terms of DL control transmission, while the benefit is in terms of scheduling flexibility and the opportunity to exploit early decoding success, thereby avoiding large number of repetitions. For instance, it has been shown [2] that it is quite beneficial to use an initial higher target BLER and rely on HARQ retransmissions as long as sufficient delay budget is available.
Proposal 4
· Under the assumption of extended delay budgets, the achievable performance from discontinuous PUSCH transmissions should be compared against the option of operating at a high initial BLER and relying on HARQ retransmissions.
5 Conclusion

In this contribution, we presented our views on some of identified approaches for enhanced VoLTE support for BL/CE UEs in Rel-14 feMTC. Based on the discussion in the previous sections, we summarize our views through the following proposals:

Proposal 1
· To determine potential new number(s) of repetitions, consider both conversational (two-way) and PTT type of voice traffic.
Proposal 2

· RAN1 to discuss whether and which new number(s) of repetitions may apply not only to HD-FDD UEs but all BL/CE UEs.
Proposal 3 
· Support of adjustable scheduling delays may be considered for more flexible multiplexing of DL and UL channels and minimization of DL/UL switching events.
Proposal 4
· Under the assumption of extended delay budgets, the achievable performance from discontinuous PUSCH transmissions should be compared against the option of operating at a high initial BLER and relying on HARQ retransmissions.
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