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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]. The most recent L1 parameter list and UE feature list can be found in [5] and [6].
In this contribution, we discuss the remaining aspects of scheduling multiple DL/UL transport blocks with single DCI for LTE-MTC.
2	Multicast
2.1	Scheduling gaps
RAN1#98 and RAN1#98bis made the following agreements:
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.

Agreement
For multicast, the scheduling gap configuration indicates:
· Scheduling gap duration with granularity (FFS)
· FFS: Scheduling gap periodicity
· FFS: Other scheduling gap properties

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: _Toc24174192]For multicast, a UE that supports the multi-TB feature also supports scheduling gaps, and it is up to eNB whether to configure the scheduling gaps or not.

In our view, the main purpose of the scheduling gaps is to provide regular opportunities for eNB to schedule other (e.g. MBB) traffic over the full system bandwidth. From this point of view, it is enough to be able to configure a single gap pattern valid for all SC-MTCH services rather than one pattern per SC-MTCH.
[bookmark: _Toc24174193]For multicast, it is enough to be able to configure a single scheduling gap pattern per cell (rather than per SC-MTCH).

It is desired that the introduction of these scheduling gaps does not introduce excessive additional complexity. From this point of view, it would be very beneficial to reuse the existing legacy functionality for configuration of (“valid”) BL/CE DL subframes. This approach minimizes the impacts on specifications and implementations since it can reuse the BL/CE DL subframe functionality (for PDSCH).
[bookmark: _Toc24174194]For multicast, the scheduling gap configuration is based on the same subframe bitmap approach as the legacy (“valid”) BL/CE DL subframe configuration (using 0/10/40 bits corresponding to 0/10/40 subframes).
[bookmark: _Toc24174195]For multicast, discuss whether the scheduling gaps should be supported also in the single-TB case.

3	Unicast
3.1	Scheduling gaps
RAN1#98bis made the following agreements:
Agreement
For unicast, scheduling gaps can be configured separately for DL and UL by RRC
· Dynamic activation/deactivation of scheduling gaps via DCI is FFS.

Agreement 
For unicast, the scheduling gap configuration indicates:
· Scheduling gap duration with granularity (FFS)
· FFS: Scheduling gap periodicity
· FFS: Scheduling gap time offset
· FFS: Threshold for enabling scheduling gap 

Agreement
For unicast, a scheduling gap containing an MPDCCH transmission can be used for indication of early termination of ongoing PUSCH transmission(s).
· FFS: Whether a UE is required to monitor MPDCCH during the scheduling gap
· FFS: Whether the above also applies for PDSCH

In our view, the main purpose of the scheduling gaps is to provide regular opportunities for eNB to schedule other (e.g. MBB) traffic over the full system bandwidth. Furthermore, it is desired that the introduction of these scheduling gaps does not introduce excessive additional complexity. From this point of view, it would be very beneficial to reuse the existing legacy functionality for configuration of (“valid”) BL/CE DL subframes. This approach minimizes the impacts on specifications and implementations since it can reuse the BL/CE DL subframe functionality (for PDSCH and PUSCH).
[bookmark: _Toc24174196]For unicast, the (UE-specific) scheduling gap configuration is based on the same subframe bitmap approach as the legacy (“valid”) BL/CE DL subframe configuration (using 0/10/40 bits corresponding to 0/10/40 subframes).
[bookmark: _Toc24174197]For unicast, discuss whether the scheduling gaps should be supported also in the single-TB case.
[bookmark: _Toc24174198]For unicast, indication of early termination is supported for both PUSCH and PDSCH.
[bookmark: _Toc24174199]Dynamic activation/deactivation of scheduling gaps via DCI is not further considered in the RAN1 work with the Rel-16 multi-TB feature (but note that a similar functionality may be possibly to realize using the already agreed new DCI bit for dynamic control of the Rel-16 resource reservation feature).

3.2	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: _Toc24174200]For the unicast multi-TB feature, do not further consider RRC parameters or DCI fields related to the interleaving beyond the RRC parameters for enabling the feature in DL and UL, respectively.

3.3	HARQ feedback
RAN1#98bis made the following agreements:
[bookmark: _Hlk24127018]Agreement
For UEs that support multi-TB scheduling with HARQ-ACK bundling, the bundling is enabled/disabled/configured by RRC and the actual bundle size is indicated by DCI

Agreement
· For UEs that support multi-TB scheduling with HARQ-ACK bundling, the maximum bundle size is 4.
· Strive to reuse Rel-14 HARQ-ACK bundling feature as baseline at least for the non-interleaving case

To our understanding the new HARQ-ACK bundling feature will not require a DCI field for dynamic HARQ-ACK delay, but the legacy DCI field for ‘Transport block in a bundle’ and potentially also ‘HARQ-ACK bundling flag’ (if needed) can be reused from the Rel-14 HARQ-ACK bundling feature.
[bookmark: _Toc24174201]The new HARQ-ACK bundling feature reuses the DCI field of the Rel-14 HARQ-ACK bundling for ‘Transport blocks in a bundle’.
[bookmark: _Toc24174202]Discuss whether the new HARQ-ACK bundling feature should reuse the DCI field of the Rel-14 HARQ-ACK bundling for ‘HARQ-ACK bundling flag’.
[bookmark: _Toc24174203]The new HARQ-ACK bundling feature does NOT reuse the DCI field of the Rel-14 HARQ-ACK bundling for ‘HARQ-ACK delay’ (but the field could optionally be supported if the Rel-14 Dynamic HARQ-ACK delay feature can be supported together with the new multi-TB feature).

For the case of individual HARQ feedback for the respective TBs, we propose that the timing for the first HARQ feedback follows the legacy timing between PDCSH and PUCCH, and the HARQ feedback for the multiple TBs is transmitted in contiguous sub frames. This applies both to the case of the feature configured with and without interleaving.
[bookmark: _Toc24174204]For individual HARQ feedback of the TBs, the HARQ-ACK for the respective TBs is transmitted in contiguous sub frames, with the first HARQ-ACK following the legacy timing between PDSCH and PUCCH.

3.4	Scheduling flexibility
RAN1#98bis made the following agreements:
Agreement
· For unicast in CE mode A, at least for 1-2 TBs, scheduling with a single DCI is supported without new restrictions on MCS.
· FFS for > 2TBs
· For unicast in CE mode A, at least for 1-2 TBs, scheduling with a single DCI is supported without new restrictions on RA.
· FFS for > 2TBs
· FFS for CE mode B

Agreement
For DCI contents for scheduling multiple DL/UL transport blocks for CE mode A, down select one from following options in R1-1911381 for HARQ ID, NDI and number of scheduled HARQ processes.
· Option 1
· Option 3/5

Agreement
Unicast multi-TB scheduling can be configured and used together with at least the following other features:
· Rel-14 feature for 2984 bits max UL TBS in 1.4 MHz in CE mode A
FFS till RAN1#99 whether unicast multi-TB scheduling can be configured and/or used together with the following other features:
· Rel-14 feature for new numbers of repetitions for PUSCH and modulation restrictions for PDSCH/PUSCH in CE mode A
· Rel-14 feature for modulation restrictions for PDSCH/PUSCH in CE mode A
· Rel-14 feature on HARQ-ACK bundling in HD-FDD in CE mode A
· Rel-14 features for 5 or 20 MHz max PDSCH/PUSCH channel bandwidths in CE mode A/B
· Rel-14 feature for 10 downlink HARQ processes in FDD in CE mode A
· Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD in CE mode A
· Rel-15 feature for PUSCH sub-PRB allocation in CE mode A/B
· Rel-15 feature for 64QAM for non-repeated unicast PDSCH in CE mode A
· Rel-15 feature for uplink HARQ-ACK feedback in DCI in CE mode A/B
· Rel-15 features for flexible starting PRB for PDSCH/PUSCH in CE mode A/B
· Any other feature that was supported since Rel-13 LTE eMTC

In our view, all listed options (Option 1 and Option 3/5) provide enough scheduling flexibility with respect to HARQ ID, NDI and number of scheduled HARQ processes, and the both qualify as adequate solutions for CE mode A, but we should only pick one of them, not e.g. one of them for DL and the other for UL.
[bookmark: _Toc24174205]For unicast in CE mode A, the same DCI design option is adopted for DL and UL.
[bookmark: _Toc24174206]For unicast in CE mode B, the same DCI design option is adopted for DL and UL.

Preferably, we would like to maintain the current scheduling flexibility with respect to MCS and RA as much as possible, so preferably we would like to avoid new restrictions on modulation and coding scheme (MCS) or resource allocation (RA).
[bookmark: _Toc24174207]Do not introduce new MCS restrictions for any CE mode in any duplex mode.
[bookmark: _Toc24174208]Do not introduce new RA restrictions for any CE mode in any duplex mode.

Our understanding is that both Option 1 and Option 3/5 can be realized in a way such that 2 DCI bits can be hardcoded and hence eliminated if the maximum number of scheduled TBs is 2. This is a very attractive property since it helps keep the DCI size increase due to the multi-TB support to a minimum in cases where only 1-2 TBs need to be scheduled at a time, e.g. in case of VoLTE-like traffic.
[bookmark: _Toc24174209]For unicast, the maximum number of scheduled TBs with one single DCI for CE mode A for either UL or DL can be RRC configured to 2 or 8 (with a 2-bit difference in DCI size between these two cases).

In general, it is positive if the multi-TB feature can be supported in combination with many of the Rel-14/15 features listed above. We would like the multi-TB feature to be possible to configure and use in combination with at least the features listed in the following proposal.
[bookmark: _Toc24174210]For unicast, multi-TB scheduling can be configured and used in combination with:
· Rel-14 feature for new numbers of repetitions for PUSCH
· Rel-14 feature for modulation restrictions for PDSCH/PUSCH in CE mode A
· Rel-15 feature for PUSCH sub-PRB allocation in CE mode A/B
· Rel-15 features for flexible starting PRB for PDSCH/PUSCH in CE mode A/B

[bookmark: _Toc24174211]For unicast, if a DCI design can support configuration and/or use of the multi-TB feature in combination with the following Rel-14/15 features, it is in counted as a benefit for that DCI design.
· Rel-14 features for 5 or 20 MHz max PDSCH/PUSCH channel BW in CE mode A/B
· Rel-14 feature for 10 downlink HARQ processes in FDD in CE mode A
· Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD in CE mode A
· Rel-15 feature for 64QAM for non-repeated unicast PDSCH in CE mode A
· Rel-15 feature for uplink HARQ-ACK feedback in DCI in CE mode A/B

3.5	Capabilities
RAN2#106 made the following agreements:
Agreement
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.

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.

So, it has already been agreed that the multi-TB feature has separate UE capability indications for sub-features 1 through 5 in the following list. 
1. For DL in CEmodeA
2. For DL in CEmodeB
3. For UL in CEmodeA
4. For UL in CEmodeB
5. With scheduling gaps
6. With TB interleaving
7. With HARQ bundling
8. With UL sub-PRB

[bookmark: _Toc24174212]For unicast, discuss whether the following sub-features of the multi-TB feature should have separate UE capability indications:
· TB interleaving
· HARQ bundling
· UL sub-PRB

4	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	For multicast, a UE that supports the multi-TB feature also supports scheduling gaps, and it is up to eNB whether to configure the scheduling gaps or not.
Proposal 2	For multicast, it is enough to be able to configure a single scheduling gap pattern per cell (rather than per SC-MTCH).
Proposal 3	For multicast, the scheduling gap configuration is based on the same subframe bitmap approach as the legacy (“valid”) BL/CE DL subframe configuration (using 0/10/40 bits corresponding to 0/10/40 subframes).
Proposal 4	For multicast, discuss whether the scheduling gaps should be supported also in the single-TB case.
Proposal 5	For unicast, the (UE-specific) scheduling gap configuration is based on the same subframe bitmap approach as the legacy (“valid”) BL/CE DL subframe configuration (using 0/10/40 bits corresponding to 0/10/40 subframes).
Proposal 6	For unicast, discuss whether the scheduling gaps should be supported also in the single-TB case.
Proposal 7	For unicast, indication of early termination is supported for both PUSCH and PDSCH.
Proposal 8	Dynamic activation/deactivation of scheduling gaps via DCI is not further considered in the RAN1 work with the Rel-16 multi-TB feature (but note that a similar functionality may be possibly to realize using the already agreed new DCI bit for dynamic control of the Rel-16 resource reservation feature).
Proposal 9	For the unicast multi-TB feature, do not further consider RRC parameters or DCI fields related to the interleaving beyond the RRC parameters for enabling the feature in DL and UL, respectively.
Proposal 10	The new HARQ-ACK bundling feature reuses the DCI field of the Rel-14 HARQ-ACK bundling for ‘Transport blocks in a bundle’.
Proposal 11	Discuss whether the new HARQ-ACK bundling feature should reuse the DCI field of the Rel-14 HARQ-ACK bundling for ‘HARQ-ACK bundling flag’.
Proposal 12	The new HARQ-ACK bundling feature does NOT reuse the DCI field of the Rel-14 HARQ-ACK bundling for ‘HARQ-ACK delay’ (but the field could optionally be supported if the Rel-14 Dynamic HARQ-ACK delay feature can be supported together with the new multi-TB feature).
Proposal 13	For individual HARQ feedback of the TBs, the HARQ-ACK for the respective TBs is transmitted in contiguous sub frames, with the first HARQ-ACK following the legacy timing between PDSCH and PUCCH.
Proposal 14	For unicast in CE mode A, the same DCI design option is adopted for DL and UL.
Proposal 15	For unicast in CE mode B, the same DCI design option is adopted for DL and UL.
Proposal 16	Do not introduce new MCS restrictions for any CE mode in any duplex mode.
Proposal 17	Do not introduce new RA restrictions for any CE mode in any duplex mode.
Proposal 18	For unicast, the maximum number of scheduled TBs with one single DCI for CE mode A for either UL or DL can be RRC configured to 2 or 8 (with a 2-bit difference in DCI size between these two cases).
Proposal 19	For unicast, multi-TB scheduling can be configured and used in combination with:
· Rel-14 feature for new numbers of repetitions for PUSCH
· Rel-14 feature for modulation restrictions for PDSCH/PUSCH in CE mode A
· Rel-15 feature for PUSCH sub-PRB allocation in CE mode A/B
· Rel-15 features for flexible starting PRB for PDSCH/PUSCH in CE mode A/B

Proposal 20	For unicast, if a DCI design can support configuration and/or use of the multi-TB feature in combination with the following Rel-14/15 features, it is in counted as a benefit for that DCI design.
· Rel-14 features for 5 or 20 MHz max PDSCH/PUSCH channel BW in CE mode A/B
· Rel-14 feature for 10 downlink HARQ processes in FDD in CE mode A
· Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD in CE mode A
· Rel-15 feature for 64QAM for non-repeated unicast PDSCH in CE mode A
· Rel-15 feature for uplink HARQ-ACK feedback in DCI in CE mode A/B

Proposal 21	For unicast, discuss whether the following sub-features of the multi-TB feature should have separate UE capability indications:
· TB interleaving
· HARQ bundling
· UL sub-PRB
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