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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]. In this contribution, we discuss further aspects of scheduling multiple DL/UL transport blocks with single DCI for NB-IoT.
[bookmark: _Ref178064866]2	Unicast
2.1	Interleaving
In [5][6][7], it is pointed out that it is beneficial if the multiple TBs scheduled by the same DCI are interleaved. This gives time diversity and improve the decoding performance. However, the evaluations in [5][6][7] focused only on the performance of initial transmission. If we take the HARQ retransmission into account, similar time diversity can be expected. Furthermore, depending on how the retransmission is designed in the case when multiple TBs are scheduled by the same DCI, if multiple TBs are interleaved, the benefit of reducing delays as claimed in [5] may not be realized.
[bookmark: _Toc16872217]For scheduling of multiple TBs for unicast, do not support interleaving of TBs scheduled by the same DCI.
2.2	HARQ feedback
Since no more than two TBs will be scheduled at a time, it can be expected that the potential gains from more advanced HARQ-ACK feedback mechanisms (HARQ-ACK bundling and/or multiplexing) will be small and not worth the additional complexity.
[bookmark: _Toc16872218]For scheduling of multiple TBs for unicast, do not further consider HARQ-ACK bundling/multiplexing in Rel-16 NB-IoT.

3	Multicast
3.1	Indication of number of TBs
To maintain good scheduling flexibility, to schedule a single segment should be supported. Notice that there are no spare bits in the Rel-15 DCI for SC-MTCH. Therefore, to reuse Rel-15 DCI and use SC-MCCH to indicate TB numbers is very inflexible. The network needs to have resource for all the TBs before initializing a transmission. This would be very difficult, especially when many TBs are configured with repetitions. In consequence, the UE must stay up for a longer time, as the UE needs to monitor the DCI for the scheduling information. This has a significant impact on UE battery life. Therefore, option (a) is preferred both from UE and network point of view.
[bookmark: _Toc16872219]For scheduling of multiple TBs with SC-MTCH, modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field).
Considering that the current SC-MTCH DCI is much smaller than the unicast DCI, it should be feasible to introduce some additional bits in the SC-MTCH DCI to indicate the number of scheduled SC-MTCH segments.
[bookmark: _Toc4602149][bookmark: _Toc16872220]For scheduling of multiple TBs with SC-MTCH, introduce 3 more additional bits in the DCI to indicate the number of scheduled SC-MTCH segments (1-8).
3.2	Scheduling gaps
[bookmark: _GoBack]Is has been discussed whether scheduling gaps should be introduced for SC-MTCH between the TBs. One motivation for this is to align the scheduling between legacy SC-MTCH and the newly introduced SC-MTCH. However, to support such feature, a significant large gap needs to be introduced, due to the broadcast nature of the SC-PTM service. It reduces the scheduling flexibility both for the legacy and new UEs. Moreover, this also increase the UE power consumption, as the UE needs to stay awake longer to finish receiving SC-MTCH. Monitoring the DL search space for DCI consumes more energy than letting the UE finish receiving the SC-MTCH quicker and turning off the receiver. Moreover, due to the broadcast nature of SC-PTM, it is preferred to configure the new UE to listen to the legacy channel, if the service targets both legacy and new UEs.
[bookmark: _Toc16872221]For scheduling of multiple TBs with SC-MTCH, no scheduling gap between consecutive TBs is introduced for the purpose of allowing (backwards compatible) scheduling of the same TBs to UEs supporting and not supporting multi-TB scheduling.
[bookmark: _Toc16872222]For scheduling of multiple TBs with SC-MTCH, a small scheduling gap between consecutive TBs can be considered if this necessary in order to avoid increasing the UE processing load compared to legacy operation.
5	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	For scheduling of multiple TBs for unicast, do not support interleaving of TBs scheduled by the same DCI.
Proposal 2	For scheduling of multiple TBs for unicast, do not further consider HARQ-ACK bundling/multiplexing in Rel-16 NB-IoT.
Proposal 3	For scheduling of multiple TBs with SC-MTCH, modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field).
Proposal 4	For scheduling of multiple TBs with SC-MTCH, introduce 3 more additional bits in the DCI to indicate the number of scheduled SC-MTCH segments (1-8).
Proposal 5	For scheduling of multiple TBs with SC-MTCH, no scheduling gap between consecutive TBs is introduced for the purpose of allowing (backwards compatible) scheduling of the same TBs to UEs supporting and not supporting multi-TB scheduling.
Proposal 6	For scheduling of multiple TBs with SC-MTCH, a small scheduling gap between consecutive TBs can be considered if this necessary in order to avoid increasing the UE processing load compared to legacy operation.
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