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1 Introduction

In RAN1#86bis, the conclusion of FeMTC VoLTE enhancements is as following:
Agreement:

· 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

· Ask RAN2: For feedback on what delay budget relaxation can be assumed
This contribution mainly discusses the remaining issues for this feature. Especially for the adjusted scheduling relationships between physical channels and the SPS supporting.
2 Adjusted scheduling relationships between physical channels
For the half-duplex UE, there are some restrictions which will impact the placement of different channels, there restrictions are:
· Fixed scheduling delay of DL grant and DL data (n+2)

· Fixed scheduling delay of UL grant and UL data (n+4)

· Fixed UL feedback delay for DL data (n+4)

With these restrictions, as shown in [1], the control channel and scheduling restrictions would consume a large part of the time for 1 downlink and 1 uplink transmissions. The placement of different channel transmissions in time domain is depicted in Figure 1. There are a lot of TTIs are wasted without transmitting any channels. With the assumption of repetition numbers in Figure 1, a total of 19 subframe is consumed by DL/UL grant, scheduling restrictions and retuning gaps.
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Figure 1. The restriction of fixed scheduling and feedback relationship
If those fixed restrictions can be flexible the wasted TTIs can be saved to some extent, which will increase the coverage of VoLTE transmission for half-duplex UEs by allowing more downlink and uplink repetitions within the delay budget. One enhancement is to relax the feedback delay of UL feedback for PDSCH transmission, as shown in Figure 2, if the fixed feedback delay is set tobe a flexible X, the scheduling of different channels can be more flexible, in this example 4 TTIs can be saved for PDSCH/PUSCH transmission.
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Figure 2. Flexible feedback delay to increase VoLTE coverage
Another choice is to make the uplink scheduling delay be more flexible, as shown in Figure 3, when uplink scheduling delay is set to be a flexible X, 5 TTIs can be saved in this transmission example.
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Figure 3. Flexible uplink scheduling delay to increase VoLTE coverage
Proposal 1: A flexible uplink feedback delay and flexible uplink scheduling delay is supported for voice traffic of BL/CE half duplex UE in CE Mode A.
3 SPS support for half-duplex UE
In order to reduce the transmission time consumption for MPDCCH and improve the VoLTE coverage for PUSCH and PDSCH, semi-persistent scheduling should be supportedfor BL/CE half-duplex UE in CE Mode A. An example of SPS is shown in Figure 4.
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Figure 4. Scheduling of channels for half-duplex UE SPS case
However, for SPS case, UE still has to monitor the DCI for dynamic scheduling or re-transmission purpose. So there will be some subframes preconfigured to UE for candidate MPDCCH transmission, for example, as the subframes #0 and #1 in Figure 5. 

Considering the half-duplex nature of the UE, there are three cases of MPDCCH transmission, as shown in Figure 5:
Case 1: Preconfigured MPDCCH candidate subframes overlap with PDSCH transmission.
Since eNB can use these subframes to indicate UE any change of scheduling, it is proposed the UE shall monitor these subframes even in SPS scenario.
Case 2: Preconfigured MPDCCH candidate subframes overlaps with PUSCH transmission. 
Since UE in those subframes is in uplink transmission, it is more costly for UE to retune to downlink and monitor potential MPDCCH. Therefore, it is proposed that UE could skip such MPDCCH candidate subframes.
Case 3: Requirement of DCI transmission on non-preconfigured MPDCCH candidate subframes.
As shown in Figure 5, if the first PUSCH transmission fails, eNB need to indicate UE to re-transmit. However, the MPDCCH candidate in subframe #0 and #1 in the third frame could not fulfill the requirement as there is only 1 subframes gap between PUSCH and ACK/NACK. And the MPDDCH candidate subframes #0 and #1 in the fourth frame is during UE uplink transmission.  Therefore, it is proposed that UE could monitor an additional MPDCCH candidate at subframes #2 and #3 of the third frame, where eNB can indicate the retransmission of the first PUSCH.
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Figure 5. MPDCCH candidate subframes for SPS case
Proposal 2: UE is expected to monitor the DCI in subframes of MPDCCH candidate subframes when it is in downlink transmission time, and UE is also expected to monitor DCI in potential subframes for ACK/NACK, including those not pre-configured for MPDCCH.
For those subframes used for PDSCH transmission, but which could also be used for DCI transmission, UE should expect both MPDCCH and PDSCH possibilities for the content in those subframes. For example, UE can firstly try to decode the MPDCCH, if failed then try with PDSCH decoding.
Proposal 3: UE should expect both MPDCCH and PDSCH possibilities for those subframes scheduled for PDSCH and which could have DCI transmission for ACK/NACK grants.
4 Conclusion

In this paper, we discuss the considering issues for half-duplex UE supporting VoLTE with eMTC CE Mode A, and proposals are:
Proposal 1: A flexible uplink feedback delay and flexible uplink scheduling delay is supported for voice traffic of BL/CE half duplex UE in CE Mode A.

Proposal 2: UE is expected to monitor the DCI in subframes of MPDCCH candidate subframes when it is in downlink transmission time, and UE is also expected to monitor DCI in potential subframes for ACK/NACK, including those not pre-configured for MPDCCH.
Proposal 3: UE should expect both MPDCCH and PDSCH possibilities for those subframes scheduled for PDSCH and which could have DCI transmission for ACK/NACK grants.
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