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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

The following agreements were made [2]:
· On ‘new number(s) of repetitions for PUSCH’:
· Define a new set of repetition factors for PUSCH which overrides the SIB parameter for the maximum number of PUSCH repetitions
· At least for the non-SPS case, the new set of repetition factors is {1, 2, 4, 8, 12, 16, 24, 32}
· The new set of repetition factors is enabled by a new optional 1-bit RRC configuration parameter
· Note that this enhancement is not limited to VoLTE
· On ‘adjusted scheduling relationships between physical channels’:
· Introduce a dynamic timing relationship between PDSCH and HARQ-ACK controlled by the DCI
· The adjusted scheduling relationship is enabled by a new optional 1-bit RRC configuration parameter
· FFS whether to introduce a dynamic timing relationship between UL grant and PUSCH
· If introduced, this will not require the introduction of any additional RRC parameters.
· FFS whether to introduce a dynamic timing relationship between DL assignment and PDSCH
· If introduced, FFS whether the modified scheduling delay is implicitly detected based on guard-subframe timing
· Note that this enhancement is not limited to VoLTE
· On ‘SRS coverage enhancement’:
· P-SRS can be transmitted on at most 6 UpPTS symbols in the same subframe for the same FeMTC UE
· A-SRS can be transmitted on at most 6 UpPTS symbols in the same subframe for the same FeMTC UE
· Use similar RRC signaling as introduced for the corresponding functionality in the Rel-14 WI for SRS-based carrier switching
· This is an optional UE capability
· Note that this enhancement is not limited to VoLTE

This contribution discusses remaining issues with respect to repetitions for PUSCH and adjusted scheduling relationship between the physical channels.
Discussion
New number of repetitions for PUSCH
The VoLTE coverage has been studied in e.g. [3][4]. It has been observed that the use of HARQ retransmissions may significantly improve the coverage compared to relying only on the number of repetitions in a single transmission. Based on this conclusion, it was proposed and agreed to introduce a finer granularity in the set of repetition factors {1, 2, 4, 8, 12, 16, 24, 32} to further enhance the coverage but also improve the system capacity.
Although the coverage for a single transmission may be increased with repetition factors beyond this range, it is considered that this coverage will not reach the coverage that may be obtained with HARQ retransmissions, and it is proposed to use the same set of repetition factors also for the SPS case.
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Adjusted scheduling relationships between physical channels
PDSCH to HARQ-ACK timing
It was observed in [5] that a modified timing relationship between the PDSCH transmission and the PUCCH HARQ-ACK may improve the VoLTE coverage due to a better flexibility in scheduling bi-directional traffic.
By allowing a UL-DCI grant to be transmitted in the time between PDSCH transmission and the HARQ-ACK, the constrained subframes between the PDSCH transmission and the HARQ-ACK may be utilized for the UL-DCI and the constrained subframes between the UL-DCI and the PUSCH may be used for the HARQ-ACK transmission, as schematically outlined in Figure 1 and Figure 2 below. For this example, the relaxed timing between the PDSCH and HARQ-ACK (the three subframes marked with orange in Figure 2) gives a reduction of 6 subframes for the transmission of one DL and one UL speech frame bundle (marked by the black circle in Figure 2). 
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[bookmark: _Ref474007085]Figure 1: 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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[bookmark: _Ref474007087]Figure 2: 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. The relaxed timing (the three subframes marked with orange) gives a reduced delay of 6 subframes for the complete transmission cycle (illustrated by the black circle).
The updated timing between the PDSCH and HARQ-ACK needs to consider the MPDCCH search space. For VoLTE traffic, it is considered that a maximum number of MPDCCH repetitions of 8 is sufficient [3]. The starting positions for the MPDCCH search space [6] for r_max = 8 and G = {1, 1.5, 2}, where T = G*r_max, are outlined in Figure 3.
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[bookmark: _Ref474007269]Figure 3: MPDCCH search space for r_max = 8 and G = {1, 1.5, 2}.
Three examples of the scheduling pattern for scheduling of one downlink transmission and one uplink transmission within a 20 ms speech frame period with one (1) repetition of MPDCCH is depicted in Figure 4. 
For the DL-DCI being scheduled early in the search space, Example A, a UL DCI may be scheduled during the constrained subframes between the PDSCH transmission and the HARQ-ACK and the scheduling of the DL and UL speech data consumes in total 11 subframes.
If the DL-DCI is scheduled late in the search space, Example B, the UL-DCI may not be transmitted during the constrained subframes, and the scheduling of the DL and UL speech data consumes in total 16 subframes 
If the timing between the PDSCH and the HARQ-ACK is modified to allow for an MPDCCH scheduling in between the PDSCH transmission and the HARQ-ACK, as outlined in Example C where the orange sub-frame marks the update to the timing, the scheduling of the DL and UL speech data consumes in total 13 subframes.
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[bookmark: _Ref474164241][bookmark: _Ref474164234]Figure 4: Examples of scheduling pattern for one (1) MPDCCH repetition and one DL and one UL transmission within one speech packet arrival time (20ms).
A further example with four (4) repetitions on MPDCCH and bundling of 2 speech frames into one MAC transmission is depicted in Figure 5. In Example A, with the current timing relationship between PDSCH and HARQ-ACK, only 1 subframe is available within the transmission interval of 40ms for 2 RTP packets. 
If the timing between the PDSCH and the HARQ-ACK is modified to allow for an MPDCCH scheduling in between the PDSCH transmission and the HARQ-ACK, as outlined in Example B where the 5 subframes marked with orange marks the update to the timing, the scheduling of the DL and UL speech data results in 5 remaining subframes being available within the 40ms interval.
A similar example is given in Figure 6 for the case of starting subframe being equal to the maximum number of repetitions.  Also for this example the addition of 5 extra subframes in the delay between the PDSCH and the HARQ-ACK allows the UL-DCI to be scheduled within this time, and reduces the overall transmission time for one UL and one DL transmission with 4 subframes.
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[bookmark: _Ref474165650]Figure 5: Examples of scheduling pattern for four (4) MPDCCH repetition and one DL and one UL transmission within one speech packet arrival time (MAC bundling to 40ms).
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[bookmark: _Ref474187307]Figure 6: Examples of scheduling pattern for four (4) MPDCCH repetition and one DL and one UL transmission within one speech packet arrival time (MAC bundling to 40ms).
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Timing relationships between other physical channels
Another option for modifying the scheduling relationships between the physical channels in order to improve the VoLTE coverage is the timing between DL-DCI and PDSCH and UL-DCI and PUSCH, respectively as outlined in Figure 7 and Figure 8. With this approach, a dependency between the information in the DL-DCI and the UL-DCI is introduced which is undesired from a scheduler implementation perspective. 
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[bookmark: _Ref474174172]Figure 7: Adjusted forward scheduling timing
[image: ]
[bookmark: _Ref474174305]Figure 8: Adjusted forward scheduling timing with adjusted HARQ-ACK timing.
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Conclusions
This contribution discusses the remaining issues with respect to repetitions for PUSCH and adjusted scheduling relationship between the physical channels to better support 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
Observation 2	Optimizing the timing between DL-DCI and PDSCH and UL-DCI and PUSCH is at the expense of introducing a dependency between the information in the DL and UL DCI which is undesired from a scheduler implementation perspective.

We propose the following:
Proposal 1	The new set of repetition factors is {1, 2, 4, 8, 12, 16, 24, 32} is applicable to both non-SPS and SPS.
Proposal 2	Allow for the timing between the PDSCH transmission and the HARQ-ACK to equal the maximum of 4 and T, where T is the minimum number allowing for a DCI to be sent with the same number of MPDCCH repetitions as used for the DL-DCI.
Proposal 3	The configuration of the PDSCH to HARQ-ACK timing relationship is semi statically configured to either the legacy 4 subframes or the maximum of 4 and a timing computed from the MPDCCH repetition factor and the MPDCCH search space.
Proposal 4	Dynamic timing relationship shall not introduce a dependency between the information in the DCI for the respective DL and UL channels.
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