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1	Introduction
[bookmark: _Hlk528935734]In the Rel-16 work item description (WID) on “Additional enhancements for NB-IoT” [1], one of the objectives is to improve the multi-carrier operation as follows.

· 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 NB-IoT.
[bookmark: _Ref178064866]2	Unicast
2.1	Interleaving
RAN1#98bis made the following agreements:
For the downlink, interleaving granularity is N*NSF, where the NSF is the number of subframes of NPDSCH.
· N=4 and for repetition less than 4, interleaving is not supported
For the uplink multi-tone case, interleaving granularity is N* NRU *NULslots, where the NRU is the number of RUs, NULslots is the number of slots occupied by 1 RU, and N is fixed value in the specification.
· When the repetition is less than N, interleaving is not supported.
· FFS the value of N
· FFS on uplink single tone case.

For both interleaved and non-interleaved transmission, for 2TB scheduling, reuse legacy table, no change for .
For interleaved transmission, HARQ bundling is supported with configuration

The factor N is FFS for the uplink multi-tone and single-tone cases. For uplink, the minimum number of identical repetitions is 4 in the multi-tone case and 1 in the single-tone case.
[bookmark: _Toc24120822]For multi-TB uplink unicast, at least in multi-tone case, N=4.

2.2	Capabilities and configuration
Since it has already been agreed that the interleaving is an eNB configured feature, there is a risk that it will be challenging to find early network implementations that implement the interleaving case for IODT testing of UE implementations. Therefore, it may be motivated with separate UE capability signalling for the interleaving.
[bookmark: _Toc24120823]For a UE supporting scheduling of multiple DL TBs for unicast, interleaving of DL TBs is an optional feature with separate capability signalling.
[bookmark: _Toc24120824]For a UE supporting scheduling of multiple UL TBs for unicast, interleaving of UL TBs is an optional feature with separate capability signalling.

For similar reasons, it may be motivated to have separate UE capability signalling for HARQ-ACK bundling.
[bookmark: _Toc24120825]For a UE supporting scheduling of multiple DL TBs for unicast with interleaving, HARQ-ACK bundling is an optional feature with separate capability signalling.

Furthermore, it may be motivated to have separate configuration parameters and UE capability indications for the multi-TB features for DL and UL.
[bookmark: _Toc24120826]Discuss the need for separate configuration parameters and UE capability indications for the multi-TB features for DL and UL.

3	Multicast
3.1	Indication of number of TBs
RAN1#98bis made the following working assumptions:
Working Assumption
For SC-MTCH scheduling: Modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field)
Working Assumption
For scheduling of multiple TBs with SC-MTCH, introduce 3 additional bits in the modified DCI to indicate the number of scheduled SC-MTCH segments (1-8)

The working assumptions are technically sound for NB-IoT and they are also in line with the corresponding LTE-MTC agreements.
[bookmark: _Toc4602149][bookmark: _Toc24120827]Confirm the working assumption: For SC-MTCH scheduling, modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field).
[bookmark: _Toc24120828]Confirm the working assumption: For scheduling of multiple TBs with SC-MTCH, introduce 3 additional bits in the modified DCI to indicate the number of scheduled SC-MTCH segments (1-8).

3.2	Non-continuous transmission
RAN1#98bis made the following agreement:
For multicast, for UE processing at receiver, a gap of [FFS] can be inserted every continuous transmission of 2 TBs.
· FFS: Whether/How to enable or disable this gap
· Note: Gap of 0 is not precluded

To ensure that low-complexity UE implementations allowed by current NB-IoT specifications can benefit from the multicast multi-TB scheduling, the gap length should be large enough to allow the UE to process the 2 contiguous TBs before it receives the next 2 contiguous TBs. The legacy unicast timing relationship has at least 12 ms between the end of the NPDSCH reception and the beginning of the corresponding NPUSCH Format 2 transmission. Considering that in the multicast case, the UE does not need to prepare any HARQ feedback, 8 ms may be a reasonable gap length in the multicast multi-TB case.
[bookmark: _Toc24120829]For multicast, for UE processing at receiver, a gap of [8 ms] is inserted every continuous transmission of 2 TBs.

4	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	For multi-TB uplink unicast, at least in multi-tone case, N=4.
Proposal 2	For a UE supporting scheduling of multiple DL TBs for unicast, interleaving of DL TBs is an optional feature with separate capability signalling.
Proposal 3	For a UE supporting scheduling of multiple UL TBs for unicast, interleaving of UL TBs is an optional feature with separate capability signalling.
Proposal 4	For a UE supporting scheduling of multiple DL TBs for unicast with interleaving, HARQ-ACK bundling is an optional feature with separate capability signalling.
Proposal 5	Discuss the need for separate configuration parameters and UE capability indications for the multi-TB features for DL and UL.
Proposal 6	Confirm the working assumption: For SC-MTCH scheduling, modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field).
Proposal 7	Confirm the working assumption: For scheduling of multiple TBs with SC-MTCH, introduce 3 additional bits in the modified DCI to indicate the number of scheduled SC-MTCH segments (1-8).
Proposal 8	For multicast, for UE processing at receiver, a gap of [8 ms] is inserted every continuous transmission of 2 TBs.
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