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Within the Rel-14 WI on ‘Further Enhanced MTC for LTE’ [1], one objective concerns VoLTE enhancements with the objective to
· Increase VoLTE coverage for half-duplex FDD/TDD through techniques to reduce DL repetitions, new repetition factors, and adjusted scheduling delays.
In RAN1#86bis meeting, the following are agreed regarding FeMTC VoLTE enhancements [2]:
· 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

This contribution discusses the timing relationship between the physical channels and proposes updates to better support adaptive scheduling of bidirectional delay sensitive traffic like e.g. voice over LTE (VoLTE). This is relevant for non-SPS cases but also for adaptive scheduling of retransmission in the case of SPS.
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Coverage without RTP frame bundling
The timing relation between the physical channels for an example of scheduling one downlink transmission and one uplink transmission within a 20 ms speech frame period with 1 repetition of MPDCCH is depicted in Figure 1. Based on the link simulations [3], the VoLTE coverage for this scenario is 140.4 dB assuming an initial BLER target of 20% and use of HARQ retransmissions to reach the service target of 1% lost RTP frames.
In this scenario, the scheduling of the DL and UL speech data consumes in total 11 subframes of which 8 are used for actual transmissions and 3 are not available due to the timing constraints. The timing constraints are due to the one subframe for the DL forward scheduling and the three subframes for the UL forward scheduling. These timing constraints are considered to be well motivate to allow for a cost-efficient realization.
For this scenario, 9 subframes are available within one RTP packet transmission interval of 20ms, which is considered sufficient to allow for retransmissions to reach the 1% RTP loss target.
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[bookmark: _Ref465534468]Figure 1: Timing relationship for scheduling of one DL and one UL transmission within one speech packet arrival time with one (1) repetition of MPDCCH

Coverage with RTP frame bundling
In order to improve coverage, bundling of two RTP packets may be considered. Figure 2 depicts a scenario based on the link simulations in [3] with 4 repetitions on MPDCCH. The coverage for this scenario is 143.9 dB based on 20% initial BLER. However, due to the constraints on the scheduling relationships, only 1 subframe is available within the transmission interval of 40ms for 2 RTP packets. This is not sufficient to allow for retransmissions to reach the 1% RTP loss target.
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[bookmark: _Ref465535306]Figure 2: Timing relationship for scheduling of one DL and one UL transmission within RTP frame bundling time of 40ms with four (4) repetitions of MPDCCH

Modified PDSCH-to-HARQ-ACK scheduling relationship 
An alternative scheduling pattern for the scenario described in Figure 2 is depicted in Figure 3. This scheduling pattern is not possible with the current Rel-13 timing constraints, but would result in that 7 subframes are available within the within the transmission interval of 40ms for 2 RTP packet, leaving more room for retansmissions to reach the 1% RTP loss target.
In order to support this scheduling pattern the timing relationship between PDSCH and the HARQ-ACK needs to be adjusted.
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[bookmark: _Ref465535714]Figure 3: Proposed updated timing relationship for scheduling of one DL and one UL transmission within RTP frame bundling time of 40ms with four (4) repetitions of MPDCCH
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Conclusions
This contribution discusses the timing relationship between the physical channels and proposes updates to better support adaptive scheduling of bidirectional delay sensitive traffic like e.g. voice over LTE (VoLTE).

We make the following observation:
Observation 1	A more flexible timing relationship between the PDSCH transmission and PUCCH HARQ-ACK will improve the VoLTE coverage.

We propose the following:
Proposal 1	Allow for a flexible timing relationship between the PDSCH transmissions and the HARQ-ACK.
Proposal 2	The timing relationsship between the PDSCH transmissions and the HARQ-ACK may be semi-statically configured but with different timing depending on the number of MPDCCH repetitions.
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