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1	Introduction
[bookmark: _Ref178064866]In the Rel-16 work item description (WID) on “Additional MTC enhancements for LTE” [1], one of the objectives is scheduling enhancements:
· Specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast [RAN1, RAN2]
· Enhancement of SPS can be discussed.

Earlier RAN1 and RAN2 agreements are listed in [2] and [3], respectively. The contributions to the previous RAN1 meeting are summarized in [4]. In this contribution, we discuss further aspects of scheduling multiple DL/UL transport blocks with single DCI for LTE-MTC.
2	Multicast
RAN1#98 made the following agreement:
Agreement
For multicast, optional scheduling gaps can be configured by higher layers. It is left to RAN2 whether to do the configuration in SC-MCCH or SIB.

Our understanding is that the scheduling gaps will be optional from eNB point of view, but that a UE that supports the multicast multi-TB feature also supports the scheduling gaps.
[bookmark: _Toc21132661]A UE that supports the multicast multi-TB feature also supports scheduling gaps, and it is up to eNB whether to configure the scheduling gaps or not.
The number of scheduling gap patterns should be sufficiently many to provide some flexibility for eNB, but not so many that they cause unnecessary complexity.
[bookmark: _Toc21132662]For an SC-MTCH configured with the multi-TB feature, one of 4 scheduling gap patterns can be configured, and the patterns (duration, applicability, etc.)  are FFS till RAN1#99.

3	Unicast
3.1	General
RAN2#106 made the following agreements:
UE capability for multiple TB is indicated separately for CE Mode A and CE mode B.
UE capability for multiple TB is indicated separately for uplink and downlink.

Since the UE capabilities are separate for uplink and downlink, the configuration parameters should also be separate for uplink and downlink. 
[bookmark: _Toc21132663]The unicast multi-TB feature is configured separately for DL and UL.

3.2	Scheduling gaps
RAN1#98 made the following agreements:
Agreement
For unicast, scheduling gaps for multiple transport blocks is supported and a scheduling gap can be configured by [RRC and/or DCI].
· The support of scheduling gaps is UE optional feature regardless of the support of multiple TBs.
· FFS: Details on the scheduling gap such as duration, applicability, etc.

For further discussion in RAN1#98bis
· For unicast, discuss whether the use of scheduling gaps can be used to allow early termination of an ongoing (multi-TB) uplink transmission.

In order to keep the DCI size small, the scheduling gaps should be RRC configured. The number of scheduling gap patterns should be sufficiently many to provide some flexibility for eNB, but not so many that they cause unnecessary complexity. It has already been agreed that the interleaving can be configured separately for DL and UL, and it makes sense that the scheduling gaps can also be configured separately for DL and UL.
[bookmark: _Toc21132664]For unicast, scheduling gaps for multiple transport blocks is supported and a scheduling gap can be configured by RRC separately for DL and UL.
[bookmark: _Toc21132665]For a UE configured with the unicast multi-TB feature, one of 4 scheduling gap patterns can be configured separately for DL and UL, and the patterns (duration, applicability, etc.) are FFS till RAN1#99.
The use of scheduling gaps to allow early termination of an ongoing uplink transmission would be useful not only for UE power consumption and UE throughput but also as a means for eNB to abort an ongoing long multi-TB transmission in order to make room for potentially more urgent delay-sensitive transmissions from other UEs.
[bookmark: _Toc21132666]Aim to design at least one of the scheduling gap patterns for the UL unicast multi-TB feature such that it allows eNB to indicate early termination of an ongoing UL transmission by sending a (Rel-15) positive HARQ-ACK in the DCI.
[bookmark: _Toc21132667]The possibility to apply the scheduling gaps also in the single-TB case in order to allow eNB to use the scheduling gaps for early termination of an ongoing UL transmission is FFS.

3.3	Interleaving
RAN1#96bis made the following agreement:
Agreement
For unicast, the UE is configured for interleaved transmission of subframe repetitions of the respective TBs separately for DL and UL via RRC signaling.

We propose that no additional RRC parameters or DCI fields are introduced beyond the RRC parameters for enabling interleaving in DL and UL, respectively.
[bookmark: _Toc21132668]For the unicast multi-TB feature, do not future consider RRC parameters or DCI fields related to the interleaving beyond the RRC parameters for enabling the feature in DL and UL, respectively. Details of interleaving are FFS till RAN1#99.

3.4	HARQ feedback
RAN1#98 made the following agreements:
Conclusion
· There is no consensus on the support of HARQ-ACK bundling in CE mode B for unicast multi-TB scheduling

Agreement
· For unicast multi-TB scheduling, HARQ-ACK multiplexing in CE mode B is not supported

For further discussion in RAN1#98bis
· For unicast, discuss whether the start of the HARQ feedback on the uplink should be the same or can be different in the FD-FDD and HD-FDD cases. (Note that the answer may be different in the HARQ-ACK bundling and non-bundling cases.
· Prioritize HD-FDD case

It would be beneficial if the Rel-14 HARQ-ACK bundling feature could be reused, especially considering the limited time left to finalize the work item. This would mean that HARQ-ACK bundling for multi-TB scheduling is only supported without repetition for MPDCCH and PDSCH, but since this was considered a reasonable restriction for single-TB transmission, it can be considered a reasonable restriction also for multi-TB transmission.
[bookmark: _Toc21132669]The HARQ-ACK bundling is based on the Rel-14 HARQ-ACK bundling feature, and it is only supported without repetition for MPDCCH and PDSCH.

3.5	Scheduling flexibility
RAN1#98 made the following agreements:
Agreement
For the design of DCI for multiple DL/UL TB:
· At least when a single TB is scheduled, aim for similar scheduling flexibility as that of legacy DCI
· Possible exceptions at least for some cases are the frequency hopping flag and RV index field

Agreement:
· For unicast, select option(s) from the following options
· Option 1: Scheduling of up to 8 TBs is supported with a single DCI design.
· Target for up to 6 bits overhead increase compared to legacy DCI
· Option 2: For unicast, the maximum number of scheduled TBs with one single DCI for CE mode A for either UL or DL is RRC configured within the set {1, 2, [4], 8} in a UE specific manner. 
· The design methodology for the DCI for different maximum number of TBs is further studied 
· For the 2 TB case, target for up to 3 bits overhead increase compared to legacy DCI
· Note: Option 2 will require modification on existing agreement
· The following working assumption is confirmed.
· For unicast, scheduling of initial and retransmission TB(s) within one DCI is supported
· For unicast, the new data indication is individually provided for each allocated HARQ process.

For the multi-TB feature, it seems to make sense to optimize the data channel performance for the repetition case. When 4 or more repetitions are used for PUSCH/PDSCH, the RV will be cycled in each transmission and all RVs will be scheduled, which means that there is less of a need to be able to indicate the RV individually for each HARQ process.
[bookmark: _Toc21132670]When the DCI indicates multi-TB transmission, RV is derived according to a fixed cycle, not indicated by a DCI field.
The options listed in the above RAN1#98 agreements were conceived with the trade-off between scheduling flexibility and DCI size increase in mind. For results on the impact of the maximum number of TBs on the DCI size, see our earlier contribution in [5]. Required scheduling flexibility and acceptable DCI size increase will depend on the use case. 
We see two attractive main use cases for multi-TB scheduling:
1. Full-buffer traffic using relatively large TBs
2. VoLTE-type traffic using relatively small TBs

In the full-buffer traffic case, larger TBs will be used, and it may be acceptable to reduce the scheduling flexibility with respect to the modulation and coding scheme (MCS) and resource allocation (RA) in order to be able to schedule up to 8 TBs with large TBS efficiently, but in the VoLTE-type traffic case, it is essential that the existing scheduling flexibility is maintained for the small number (e.g. 2) of TBs that can be scheduled using multi-TB scheduling in this case.
For VoLTE, the payload per speech frame can be 142-487 bits, as can be seen from the table below from [6]. To these payload sizes, IP/RTP/RAN overhead should be added, but it is still going to be relatively small packets.
Table K.5: Computation of b=AS for AMR-WB (IPv4, ptime=20, bandwidth-efficient mode)
	Mode
	6.6
	8.85
	12.65
	14.25
	15.85
	18.25
	19.85
	23.05
	23.85
	SID

	Bits per speech frame
	132
	177
	253
	285
	317
	365
	397
	461
	477
	40

	Payload header and ToC
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10

	RTP payload (bits)
	142
	187
	263
	295
	327
	375
	407
	471
	487
	50



[bookmark: _Toc21132671]For unicast, scheduling of 2 TBs with a single DCI is supported without new restrictions on MCS, RA, and HARQ ID.
[bookmark: _Toc21132672]For unicast, scheduling of 8 TBs with a single DCI is supported with some restrictions on one or more of MCS, RA, and HARQ ID.
To support the scheduling flexibility above, it is proposed that the maximum number of TBs is RRC configured so that the DCI design can be optimized accordingly.
[bookmark: _Toc21132673]For unicast, the maximum number of scheduled TBs with one single DCI for CE mode A for either UL or DL is RRC configured within the set {[1], 2, [4], 8} in a UE specific manner.

4	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	A UE that supports the multicast multi-TB feature also supports scheduling gaps, and it is up to eNB whether to configure the scheduling gaps or not.
Proposal 2	For an SC-MTCH configured with the multi-TB feature, one of 4 scheduling gap patterns can be configured, and the patterns (duration, applicability, etc.)  are FFS till RAN1#99.
Proposal 3	The unicast multi-TB feature is configured separately for DL and UL.
Proposal 4	For unicast, scheduling gaps for multiple transport blocks is supported and a scheduling gap can be configured by RRC separately for DL and UL.
Proposal 5	For a UE configured with the unicast multi-TB feature, one of 4 scheduling gap patterns can be configured separately for DL and UL, and the patterns (duration, applicability, etc.) are FFS till RAN1#99.
Proposal 6	Aim to design at least one of the scheduling gap patterns for the UL unicast multi-TB feature such that it allows eNB to indicate early termination of an ongoing UL transmission by sending a (Rel-15) positive HARQ-ACK in the DCI.
Proposal 7	The possibility to apply the scheduling gaps also in the single-TB case in order to allow eNB to use the scheduling gaps for early termination of an ongoing UL transmission is FFS.
Proposal 8	For the unicast multi-TB feature, do not future consider RRC parameters or DCI fields related to the interleaving beyond the RRC parameters for enabling the feature in DL and UL, respectively. Details of interleaving are FFS till RAN1#99.
Proposal 9	The HARQ-ACK bundling is based on the Rel-14 HARQ-ACK bundling feature, and it is only supported without repetition for MPDCCH and PDSCH.
Proposal 10	When the DCI indicates multi-TB transmission, RV is derived according to a fixed cycle, not indicated by a DCI field.
Proposal 11	For unicast, scheduling of 2 TBs with a single DCI is supported without new restrictions on MCS, RA, and HARQ ID.
Proposal 12	For unicast, scheduling of 8 TBs with a single DCI is supported with some restrictions on one or more of MCS, RA, and HARQ ID.
Proposal 13	For unicast, the maximum number of scheduled TBs with one single DCI for CE mode A for either UL or DL is RRC configured within the set {[1], 2, [4], 8} in a UE specific manner.
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