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1	Introduction
The Rel-16 Work Item Descriptions for LTE-M [1] and NB-IoT [2] contain a common objective on scheduling enhancement: 
Scheduling enhancement:
· [bookmark: _Hlk516765510]Specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast [RAN1, RAN2]
· Enhancement of SPS can be discussed.
So far, the following agreements were reached in [3] with regards to the WI objective of scheduling enhancement for LTE-M.
RAN1#94:

	R1-1809562	Feature lead summary Scheduling of multiple DL UL transport blocks	Ericsson
R1-1809615	Updated Feature lead summary Scheduling of multiple DL UL transport 
	blocks 	Ericsson 

Agreement
Specify scheduling of multiple transport blocks for both CE Mode A and B

Agreement
The possibility of scheduling multiple DL/UL transport blocks is configured via RRC. Details TBD

Agreement
When scheduling of multiple TBs is enabled, the number of scheduled transport blocks (>= 1) should be dynamically selected via DCI. The maximum number of scheduled transport blocks with one single DCI is [TBD].
· The number of blind decodes for MPDCCH is not increased as a result of scheduling multiple TBs

Conclusion
When multiple TBs are scheduled by one DCI, study interleaving amongst TBs from different HARQ process in cases of repetitions
· Companies are encouraged to submit evaluation results in the next RAN1 meeting

Agreement
One DCI to schedule multiple TBs for SC-MCCH is not supported

Working assumption
For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process. 



RAN1#94bis:

	R1-1811693	Feature lead summary Scheduling of multiple DL UL transport blocks	Ericsson
R1-1811680	Updated Feature lead summary Scheduling of multiple DL UL transport	Ericsson

Agreement
Confirm the working assumption that
· For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process. 

Agreement
For CE mode A, the maximum number of scheduled transport blocks with one single DCI is [8] for CE mode A for UL.
For CE mode A, the maximum number of scheduled transport blocks with one single DCI is [8] for CE mode A for DL.

Agreement
The maximum number of scheduled transport blocks with one single DCI for CE mode A for either UL or DL is fixed to [8]

Working Assumption
For CE mode B, the maximum number of scheduled transport blocks with one single DCI is 4 in the UL, and 4 for the DL.

Agreement
The maximum number of scheduled transport blocks with one single DCI for CE mode B for either UL or DL is fixed to 4 (working assumption)

For further study until next meeting:
How to efficiently handle retransmissions when scheduling multiple DL/UL transport blocks.

Agreement
The UE should only monitor one DCI size in the UE specific search space

For further consideration:
Optimization of the DCI size and the impact of aspects including number of transport blocks, scheduling pattern (interleaving and scheduling gap), resource assignment, modulation and coding scheme, retransmissions.

Agreement
Using one DCI to schedule multiple TBs for SC-MTCH is supported, and it is configured and enabled per SC-MTCH via SC-PTM configuration message in SC-MCCH. FFS the maximum number of TBs can be scheduled by one DCI.

Agreement
For CE mode A, HARQ ACK/NACK feedback bundling or multiplexing on PUCCH can be enabled or disabled by [RRC and/or DCI], when multiple DL transport blocks are assigned by a single DCI. If the network does not enable it, each TB has its own separately encoded HARQ ACK/NACK feedback, i.e., no HARQ ACK/NACK feedback bundling or multiplexing. 
· RAN1 further compare the performance between HARQ ACK/NACK feedback bundling and multiplexing and down-select between the two options. 
For CE mode B, further study if there is a benefit for HARQ ACK/NACK feedback bundling or multiplexing on PUCCH. If there is a benefit identified, same configuration principle as CE mode A can be applied, i.e., this feature can be enabled or disabled by [RRC and/or DCI]. 



So far, the following agreements were reached in [4] with regards to the WI objective of scheduling enhancement for NB-IoT.
RAN1#94:

	R1-1809523	Feature lead summary of scheduling enhancement for NB-IoT	ZTE

[bookmark: OLE_LINK28]Agreement
For unicast, scheduling multiple DL/UL transport blocks with single DCI is supported.

Agreement
· One DCI to schedule multiple TBs for SC-MCCH is not supported

[bookmark: OLE_LINK9]Agreement
For Unicast, the possibility of scheduling multiple DL/UL transport blocks is configured via RRC. Details TBD

Agreement
For unicast, the number of TBs scheduled should be dynamically indicated in the DCI, the maximum number of TBs is FFS 



RAN1#94bis:

	R1-1811660	Summary on Multiple TB scheduling enhancement for NB-IoT	ZTE

Agreement 
The UE should only monitor one DCI size in the UE specific search space.

Working Assumption
For UE supporting multiple TBs, the soft buffer size stays the same as that of the legacy UE

Agreement
Individual feedback for each HARQ process is supported. 
FFS if HARQ bundling/multiplexing can be optionally supported.

Agreement
Using one DCI to schedule multiple TBs for SC-MTCH is supported, and it is configured and enabled per SC-MTCH via SC-PTM configuration message in SC-MCCH. 



In this contribution we discuss the higher layer aspects of scheduling enhancement.
[bookmark: _Ref178064866]2	Discussion
Multiple scheduling, i.e., scheduling of multiple DL/UL transport blocks with a single DCI, can be beneficial for both LTE-M and NB-IoT in terms of reducing PDCCH transmission overhead, increase data throughput and reduce UE power consumption. For this reason, RAN1 has agreed to support scheduling of multiple transport blocks for both LTE-M and NB-IoT.
2.1	Multiple scheduling for unicast
LTE-M and NB-IoT UEs in idle mode are not supposed to receive/transmit large transport blocks or large amount of user data, hence do not benefit from multiple transport block scheduling. Therefore, in the discussion paper we mainly focus on scheduling multiple transport blocks in connected mode.
Multiple scheduling targets unicast transmission for UE in connected mode.
2.1.1	Configuration aspects
To support scheduling of multiple transport blocks requires new DCI formats, and the new DCI formats will be most likely of different sizes compared the legacy ones. To avoid increasing UE complexity for DCI blind detection, RAN1 has agreed that the UE should only monitor one DCI size in the UE specific search space. From RAN2 perspective, a UE in connected mode needs to be indicated by the network in some way to either monitor the legacy DCI formats or the multi-TB DCI formats. Such multiple scheduling configuration can be acquired via system information broadcasting or dedicated RRC signaling.
 UEs in connected mode need to be indicated by the network to either monitor legacy DCI format(s) or multi-TB DCI format(s).
Since the feature of scheduling multiple transport blocks will only be used for UEs in connected mode, it is very little cost to add one or few bits for multiple scheduling indication for example in the RRC connection setup/resume messages. At the same time, configuring UEs with multiple scheduling via dedicated RRC signaling exbibits a few benefits compared to via system information broadcasting. Configuration via dedicated RRC signaling allows eNB to enable the feature only for some of the UEs in the cell, which gives more scheduling flexibility for the eNB. For example, some UEs only receive or transmit very small amount of data once a while, hence there is no gain to use multiple scheduling scheme for these UEs. On the other hand, for the UE in poor cell coverage, monitoring multi-TB DCI formats which are most likely larger than the legacy DCI formats might cause higher DCI decoding error rate and hence worse performance.
The benefit of having the multiple scheduling indication in the system information broadcasting is saving dedicated signaling cost, which is negligible due the reason mentioned above. The drawback in terms of scheduling flexibility is obvious.
Based on the above analysis, we propose that the multiple scheduling configuration is done via dedicated RRC signaling.
UEs in connected mode are configured with multiple scheduling mode via dedicated RRC signaling.
eNB needs to know if a UE supports multi-TB scheduling or not before it can configure the UE with multiple scheduling mode. UEs should include their capability of supporting multi-TB scheduling in their capability report to the network.
UEs report their capability of supporting multi-TB scheduling to the network using the capability reporting procedure.
Once configured with multiple scheduling mode, UEs should start to monitor multi-TB DCIs. RAN1 has agreed that when scheduling of multiple TBs is enabled, the number of scheduled TBs should be dynamically selected via DCI. That is, eNB can use the multi-TB DCIs to schedule one or multiple TBs dynamically. There is no need to introduce additional RRC signaling to enable/disable the feature. The feature should be enabled by default once it is configured.
After being configured with multiple scheduling mode, UE should start to monitor multi-TB DCI format(s) which could indicate one or multiple TBs being scheduled.
2.1.2	Impact on the MAC procedures
When running multiple scheduling, the timing relations between PDCCH, PDSCH, PUSCH and PUCCH can be different compared to the legacy scheduling scenario. To ensure scheduling of multiple TBs works properly, the impact on the relevant MAC procedures (such as the DL data transfer, the UL data transfer and the DRX procedures) need to be investigated. The impact on the MAC procedures is very much dependent on the actual feature design from RAN1 which is still not clear for the time being.
For example, HARQ RTT timer specifies the minimum amount of subframes before a DL assignment for HARQ retransmission is expected by the MAC entity. For LTE-M and NB-IoT, the timer is started immediately after the PDSCH for the corresponding HARQ process has been received. The expiry of the timer indicates that the HARQ acknowledgement should have arrived at eNB, and hence the eNB might start to schedule a new transmission or a re-transmission on the same HARQ process. With multiple scheduling and potential PDSCH interleaving (i.e., multiple PDSCHs interleave in time), HARQ ack bundling (i.e. UE multiplexes multiple HARQ acknowledgments in one PUCCH/PUSCH transmission) and so on, the timing relation between two adjacent PDSCH transmissions on the same HARQ process can be changed, hence the value and the start condition of the HARQ RTT timer might need to be adjusted.
The RAN1 design for supporting multiple scheduling might have some impact on the relevant MAC procedures.
2.2	Multiple scheduling for SC-PTM
SC-PTM provides a way to dynamically multicast MBMS service data to subscribers in a SC-PTM enabled cell. SC-PTM involves two downlink logical channel: SC-MCCH and SC-MTCH. SC-MCCH carries the SC-PTM configuration which indicates the MBMS sessions that are ongoing as well as the corresponding information on when each session may be scheduled, i.e. scheduling period, scheduling window and start offset. The SC-PTM configuration also provides information about the neighbor cells transmitting the MBMS sessions which are ongoing on the current cell.
There is only one SC-MCCH in a SC-PTM cell, targeting all SC-PTM capable UEs in the cell. For backward compatibility reason, RAN1 has decided not to support scheduling of multiple transport blocks for SC-MCCH. 
LTE-M and NB-IoT support 128 and 64 simultaneous SC-MTCHs respectively. The configuration for SC-MTCH is transmitted in SC-MCCH. RAN1 has decided to support scheduling of multiple transport blocks for SC-MTCH. 
UEs acquire the information to receive a SC-MTCH from the SC-MTCH information list transmitted in SC-MCCH. To support scheduling of multiple transport blocks for SC-MTCH, an indication can be added to the SC-MTCH information to indicate the UEs what scheduling scheme is being used for the SC-MTCH. After acquisition of the SC-MTCH information, UEs should monitor either the legacy DCI format or the multi-TB DCI format according the scheduling scheme indication.
A SC-MTCH is either scheduled with the legacy scheduling or the multiple scheduling scheme, as indicated in SC-MCCH. Simultaneously monitoring both legacy DCI format as well as multi-TB DCI format for a SC-MTCH doesn’t bring any benefit while increasing the DCI blind detection complexity and probably UE power consumption.
[bookmark: _Hlk528170314]Introduce a scheduling scheme indication to the SC-MTCH information transmitted in SC-MCCH, to support multiple scheduling for SC-MTCH.
To ensure the MBMS service data to be delivered to all subscriber UEs, in case some of these UEs do not support multi-TB scheduling, eNB can disable the feature in the SC-MTCH configuration so that all subscriber UEs will monitor the legacy DCI to receive the SC-MTCH. An alternative solution can be to broadcast the same MBMS service data with two separate SC-MTCHs with different scheduling schemes aiming for different categories of UEs.

3	Conclusion
Based on the discussion in the previous sections we propose the following:
1. UEs in connected mode need to be indicated by the network to either monitor legacy DCI format(s) or multi-TB DCI format(s).
1. The RAN1 design for supporting multiple scheduling might have some impact on the relevant MAC procedures.
1. Multiple scheduling is not support for UEs in idle mode for unicast.
1. UEs in connected mode are configured with multiple scheduling mode via dedicated RRC signaling.
1. UEs report their capability of supporting multi-TB scheduling to the network using the capability reporting procedure.
1. After being configured with multiple scheduling mode, UE should start to monitor multi-TB DCI format(s) which could indicate one or multiple TBs being scheduled.
1. Introduce a scheduling scheme indication to SC-MTCH information transmitted in SC-MCCH, to support multiple scheduling for SC-MTCH.
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