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1 Introduction

In RAN1 #87 meeting [1], the following agreements on VoLTE enhancement for feMTC has been made:
Agreement:

· 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 UE-specific RRC configuration parameter

· On ‘adjusted scheduling relationships between physical channels’:

· Introduce a dynamic timing relationship between PDSCH and HARQ-ACK controlled by the DCI

· This adjusted timing relationship is enabled by a new optional 1-bit UE-specific 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
· 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 signalling as introduced for the corresponding functionality in the Rel-14 WI for SRS-based carrier switching

· This is an optional UE capability 

Note that the above three enhancements are not limited to VoLTE.
In this contribution, we first study the indication method for support of dynamic HARQ-ACK feedback timing. Then, we discuss the need on the support of dynamic PDSCH/PUSCH scheduling timing, and provide detailed designs for dynamic scheduling timing if it is supported. Lastly, we discuss the configuration for VoLTE related features. 
2 HARQ-ACK feedback timing
Similar methods as discussed in our companion contribution [2] can be used for support of dynamic HARQ-ACK feedback timing, which can be classified into implicit indication and explicit indication.

With implicit indication, the HARQ-ACK feedback timing can be based on the end of last PDSCH transmission before DL to UL switching. However, in cases where there are multiple PDSCH TBs to be transmitted before the DL to UL switching, once UE misses one or multiple of the MPDCCH(s), the HARQ-ACK timing will be incorrect. This only works when the number of PDSCH and MPDCCH transmissions are known at UEs, and the number of repetitions used for all PDSCH or the number of repetitions used for all MPDCCH is the same, which puts constraints on scheduling and limits the flexibility. Thus, explicit indication is preferred.

With explicit indication, the HARQ-ACK timing can be indicated with respect to the end of corresponding PDSCH transmission. One indication method, as discussed in [2], is to indicate the delay from the end of PDSCH transmission to its corresponding HARQ-ACK feedback via an offset ∆ in addition to a gap X, where the offset is dynamically indicated in DCI, while the gap is semi-statically configured via RRC signalling. The difference from the indication method in [2] for HARQ-ACK bundling is that MPDCCH and PDSCH can have repetitions in considered cases here. Taking into account possible repetitions, the gap X configured by RRC can be a function of Rmax in USS and CE modes. The offset ∆ can be selected from a set of possible offsets, which is configured by RRC signalling and can also be a function of Rmax in USS and CE modes. 
For example, the delay can be set to max{4, 1+X+∆}. The gap X is N*(Rmax+Z), where Z is a parameter configured via RRC signalling depending on CE modes, e.g. Z=32 for CE mode A, and N is the number of remaining PDSCH TBs to be scheduled which is indicated via DCI. The offset ∆ is selected from a set with four potential values via 2 bits in DCI, where the set of the offset values depends on the PUCCH repetitions, denoted by RLPUCCH, e.g. the set of potential offsets is {0, 2*RLPUCCH, 4*RLPUCCH, 6*RLPUCCH}. 
Proposal 1
· HARQ-ACK feedback timing is explicitly indicated via a gap configured via RRC plus an offset indicated via DCI, where the gap and offset are functions of Rmax in USS, CE modes and PUCCH repetitions.
3 On the need of dynamic scheduling timing 
In this section, we discuss the need of dynamic scheduling timing for PDSCH and PUSCH. 
3.1 Dynamic scheduling timing for PDSCH
The motivation to support dynamic scheduling timing for PDSCH is to reduce the gap subframe between MPDCCH and associated PDSCH due to cross-subframe scheduling. Moreover, when MPDCCH and unassociated PDSCH can be multiplexed via FDM, the overhead for MPDCCH transmission can be reduced, as illustrated in Figure 1. 
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Figure 1. Example of dynamic PDSCH scheduling timing, where Gdi refers the DL assignment for PDSCH TB #i, and Gui refers to the UL grant for PUSCH TB #i. Di and Ui stand for PDSCH TB #i and PUSCH TB #i, respectively. Ai is the HARQ-ACK feedback for PDSCH TB #i.
For scenarios where the MPDCCH and unassociated PDSCH cannot be multiplexed via FDM, the gain by reducing only 1 gap subframe is quite limited. On the other hand, though reducing the MPDCCH overhead could be beneficial when MPDCCH and unassociated PDSCH can be multiplexed via FDM, the gain from dynamic PDSCH scheduling timing exists only when there is PUSCH transmission between two PDSCH transmissions. In cases where there is no PUSCH transmission between two PDSCH transmissions, even though the MPDCCH and unassociated PDSCH can be multiplexed via FDM, there is no gain to enable dynamic PDSCH scheduling timing, as illustrated in Figure 2. This is because the dynamic HARQ-ACK timing is already supported, and thus there is no extra switching needed between these two PDSCH transmissions. In this case, there is no need to defer the PDSCH transmission after the DL to UL switching.
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Figure 2. Example of PDSCH transmission, where dynamic PDSCH scheduling timing provides no gain. Gdi refers the DL assignment for PDSCH TB #i, and Gui refers to the UL grant for PUSCH TB #i. Di and Ui stand for PDSCH TB #i and PUSCH TB #i, respectively. Ai is the HARQ-ACK feedback for PDSCH TB #i.
Considering general cases where MPDCCH and unassociated PDSCH may not be able to be multiplexed via FDM and there may not always exist PUSCH transmission between two PDSCH transmissions, the limited gain from dynamic PDSCH scheduling timing makes this feature less attractive. Therefore, we propose to not support dynamic PDSCH scheduling timing for feMTC.
Proposal 2
· Dynamic PDSCH scheduling timing is not supported for feMTC. 
3.2 Dynamic scheduling timing for PUSCH
The motivation to support dynamic scheduling timing for PUSCH is to reduce the subframes between UL grant and associated PUSCH, which cannot be utilized for DL transmissions for that UE. Figure 3 illustrates an example to compare the legacy PUSCH scheduling timing to dynamic PUSCH scheduling timing. In this example, the total transmission time is reduced from 30 subframes with legacy PUSCH scheduling timing to 26 subframes with dynamic PUSCH scheduling time, by exploiting the gap between UL grant and its corresponding PUSCH and also by possibly reducing the gap between starting subframes of search space. Note that the gain from dynamic PUSCH scheduling timing may be diminished in cases where UL grant and PDSCH can be multiplexed via FDM. 

Though the gain achievable from dynamic PUSCH scheduling timing only exists in certain scenarios (e.g. when UL grant and PDSCH is not multiplexed via FDM), given that the DCI for DL assignment needs to have additional bits to support dynamic HARQ-ACK timing, the dynamic PUSCH scheduling time can also be supported using the number of bits the same or fewer than the number of additional bits added to the DL assignment, to keep the DCI sizes for DL assignment and for UL grant the same. 
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Figure 3. Comparison between the legacy PUSCH scheduling timing (upper figure) and the dynamic PUSCH scheduling timing (lower figure). Gdi refers the DL assignment for PDSCH TB #i, and Gui refers to the UL grant for PUSCH TB #i. Di and Ui stand for PDSCH TB #i and PUSCH TB #i, respectively. Ai is the HARQ-ACK feedback for PDSCH TB #i.
Proposal 3
· Dynamic PUSCH scheduling timing is supported for feMTC. 
4 Indication methods for dynamic scheduling timing
The indication method for scheduling timing offset can be similar to the indication method for HARQ-ACK timing. The scheduling delay can be indicated via an offset ∆ in addition to a gap X, where the offset is dynamically indicated in DCI, while the gap is semi-statically configured via RRC signalling. The offset can be selected from a set of possible offset values, which can be configured via RRC. The set of possible offsets and the gap can be a function of Rmax in USS and CE modes. 
For example, the scheduling delay is calculated by (X+∆). The gap X can be N*(Rmax+Z), where Z is a parameter configured via RRC depending on CE modes, e.g. Z=32 for CE mode A, and N is the number of remaining PDSCH TBs to be scheduled which can be indicated via DCI or be predefined. The offset ∆ is selected via 2 bits in DCI from a set with four potential offsets, where the set of offset values may depend on CE modes, e.g. {0, 2, 4, 6} for CE mode A. 
Proposal 4
· The dynamic scheduling time is explicitly indicated via a gap configured via RRC plus an offset indicated via DCI, where the gap and offset are functions of Rmax in USS and CE modes.
5 Configuration for VoLTE enhancement related features
In this section, we discuss how to configure the VoLTE related features, taking into account the potential “bundled” enhancements, i.e., some of these features may be configured simultaneously, while some of them may never be configured simultaneously.
The VoLTE enhancement related features include new number of repetitions, dynamic HARQ-ACK timing, dynamic scheduling timing, and SRS coverage enhancement. Based on the agreement that no additional RRC parameters will be introduced if dynamic scheduling timing is supported, the features of dynamic HARQ-ACK timing and dynamic scheduling timing would be jointly configured. For others, since the feature of new number of repetitions, dynamic HARQ-ACK/scheduling timing and SRS coverage enhancement are not directly correlated, they can be configured separately to have more flexibility. 
Besides the VoLTE enhancement related features, it is noted that these features are not limited to VoLTE. So it may be prudent to consider these VoLTE enhancements jointly with other features, specifically, the HARQ-ACK bundling feature for HD-FDD to enhance the higher data rate operation. With HARQ-ACK bundling for HD-FDD, the HARQ-ACK timing is already adjusted. Thus, it is not necessary to jointly enable these two features simultaneously in HD-FDD systems. 

Proposal 5
· The features of new number of repetitions, dynamic HARQ-ACK/scheduling timing, and SRS coverage enhancement are configured separately.

· It is not supported to simultaneously enable HARQ-ACK bundling and dynamic HARQ-ACK timing in HD-FDD systems.
6 Conclusion

In this contribution, we study the need to support dynamic scheduling timing for PDSCH and PUSCH, provide the designs for dynamic HARQ-ACK timing and dynamic scheduling timing indication, and also discuss the configuration for VoLTE enhancement related features. Based on the discussions above, we make the following proposals:
Proposal 1
· HARQ-ACK feedback timing is explicitly indicated via a gap configured via RRC plus an offset indicated via DCI, where the gap and offset are functions of Rmax in USS, CE modes and PUCCH repetitions.
Proposal 2
· Dynamic PDSCH scheduling timing is not supported for feMTC. 
Proposal 3
· Dynamic PUSCH scheduling timing is supported for feMTC. 
Proposal 4
· The dynamic scheduling time is explicitly indicated via a gap configured via RRC plus an offset indicated via DCI, where the gap and offset are functions of Rmax in USS and CE modes.
Proposal 5
· The features of new number of repetitions, dynamic HARQ-ACK/scheduling timing, and SRS coverage enhancement are configured separately.

· It is not supported to simultaneously enable HARQ-ACK bundling and dynamic HARQ-ACK timing in HD-FDD systems.
References
[1] Chairman’s notes, RAN1 #87, Reno, USA, Nov. 2016.
[2] R1-1702152, “Remaining details of HARQ-ACK bundling”, 3GPP RAN1 #88, Intel, Athens, Greece, Feb. 2017.

PAGE  
5/5

