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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 [2]. 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
RAN1#98 made the following agreements:
For unicast, for a Rel-16 UE configured with multiple TB scheduling:
· When one TB is scheduled by the DCI, the repetitions for one transport block are contiguously transmitted
· When multiple TBs are scheduled by the DCI
· The repetitions for one transport block can be either contiguously transmitted or interleaved.
· Interleaving is an eNB configured feature
· FFS: Interleaving feature is a UE optional feature
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: _Toc21102310]For a UE supporting scheduling of multiple TBs for unicast, interleaving of TBs is an optional feature with separate capability signalling.

2.2	HARQ feedback
RAN1#98 made the following agreements:
Legacy HARQ delay timing constraint is used, i.e. the interval between the end of the corresponding DL TB and the start of ACK/NACK transmission is >= 12ms

For next meeting
On the issue of new values for  companies are encouraged to submit detailed proposals for decision on whether to support such values in RAN1#98bis
Conclusion
In Rel-16, HARQ multiplexing for multiple TB scheduling is not supported. 
· FFS if HARQ bundling can be optionally supported.
Since no more than two TBs will be scheduled at a time, it can be expected that the potential gains from HARQ-ACK bundling will be small and not worth the additional complexity.
[bookmark: _Toc21102311]For scheduling of multiple TBs for unicast, do not further consider HARQ-ACK bundling in Rel-16 NB-IoT.

3	Multicast
3.1	Indication of number of TBs
RAN1#96 made the following agreements:
For SC-MTCH multiple TBs scheduling, down-select from the following options:
a) Modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field)
b) Reuse Rel-15 DCI and use SC-MCCH to indicate TB numbers.
c) Support both a) and b)
To maintain good scheduling flexibility, scheduling of a single segment should be supported. Notice that there are no spare bits in the Rel-15 DCI for SC-MTCH. Therefore, to reuse the 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 (and it is also in line with the corresponding agreement within the Rel-16 LTE-MTC WI). 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: _Toc21102312]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	Non-continuous transmission
RAN1#98 made the following agreements:
Non-continuous transmission between SC-MTCH TBs is supported
· Details FFS (including UE capability and continuous transmission)
There are two potential main purposes for supporting non-continuous transmission for SC-MTCH TBs:
1. One potential purpose of non-continuous transmission could be to arrange scheduling gaps where eNB can schedule other, more delay-sensitive traffic.
2. Another potential purpose of non-continuous transmission could be to allow low-complexity UE implementations to support the feature by avoiding that the UE processing load is increased compared to legacy operation.

Notice that SC-PTM is service-oriented, i.e., each SC-MTCH carries its own service. The multi-TB feature has the potential to enable support of new services by using SC-MTCH thanks to increased data rate. Each service may have its own data rate and possibly delay requirements. If these requirements cannot be fulfilled, the network would not even consider setting up SC-PTM to carry the service. Therefore, if the intention is to support purpose number 2 listed above, there is a risk that the SC-PTM cannot be used at all for certain services if the gap is too large. However, it is also preferable to encourage such low-complexity UE implementations to support the multi-TB multicast feature. Hence, it is important that the UEs can rely on the presence of the transmission gaps. Therefore, there is a balance between increasing the data rate and UE complexity. 
Since for SC-PTM there is no HARQ feedback needed, the processing requirement is less demanding compared to the unicast case. Considering that in the unicast case, there is no gap needed in-between two TBs, for multicast a gap may only be needed in-between every Nth continuous TBs, where N is a small number, either 2 or perhaps slightly larger. Therefore, in order to achieve a trade-off between UE complexity and data rate, continuous transmission should be supported when the number of scheduled TBs is small, e.g., 2 or 3 TBs whereas non-continuous transmission should be supported when the number of scheduled TBs is large. Furthermore, considering achieving a balance between scheduling flexibility and data rate, a scheduling gap is preferred when the scheduled number of TBs is large. Therefore, we have the following proposals:
[bookmark: _Toc20993468][bookmark: _Toc21102313]For scheduling of multiple TBs with SC-MTCH, both continuous and non-continuous transmission are supported. Continuous transmission is used when only 2 TBs are scheduled. When more than 2 TBs are scheduled, a gap of size [FFS] is inserted at the end of every [2nd] TB.
[bookmark: _Toc21080492][bookmark: _Toc21102314]For scheduling of multiple TBs with SC-MTCH, discuss whether some higher-layer parameter(s) are required for enabling/configuring non-continuous transmission.

5	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	For a UE supporting scheduling of multiple TBs for unicast, interleaving of TBs is an optional feature with separate capability signalling.
Proposal 2	For scheduling of multiple TBs for unicast, do not further consider HARQ-ACK bundling in Rel-16 NB-IoT.
Proposal 3	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 4	For scheduling of multiple TBs with SC-MTCH, both continuous and non-continuous transmission are supported. Continuous transmission is used when only 2 TBs are scheduled. When more than 2 TBs are scheduled, a gap of size [FFS] is inserted at the end of every [2nd] TB.
Proposal 5	For scheduling of multiple TBs with SC-MTCH, discuss whether some higher-layer parameter(s) are required for enabling/configuring non-continuous transmission.
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