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[bookmark: _Toc520930821]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.
In RAN1 #94, the following agreements were reached in [3] with regards to the WI objective of scheduling enhancement for LTE-M.
	[bookmark: _Hlk524961687]R1-1809562	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
[bookmark: _Hlk524989434]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].
· [bookmark: _Hlk524986712]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

R1-1809615	Updated Feature lead summary Scheduling of multiple DL UL transport 
	blocks (Revision of R1-1809615)	Ericsson 

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. 




In RAN1 #94, the following agreement were reached in [3] with regards to the WI objective of scheduling enhancement for NB-IoT.
	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



 In this contribution we discuss the higher layer aspects of scheduling enhancement.
[bookmark: _Ref511996703][bookmark: _Toc520930822]Discussion
Multiple scheduling
Multiple scheduling is referred to the transmission mechanism that scheduling multiple DL/UL transport blocks with a single DCI. Compared to SPS, where scheduling periodicity and data transmission format are semi-static, multiple scheduling provides more scheduling flexibilities. Figure 1 depicts an example of conventional scheduling and multiple scheduling for a downlink data transmission scenario with two PDSCH transmission occasions.


Figure 1 DL data transfer example with conventional scheduling and multiple scheduling
In case of multiple scheduling, the HARQ acknowledges for the multiple TBs can be transmitted separately, as in the conventional scheduling case, or bundled in a single PUCCH/PUSCH transmission. The latter case requires new PUCCH/PUSCH format and should be discussed in RAN1.
For unicast services, multiple scheduling could be used in the scenarios where there is relatively large amount of DL/UL data to be transferred over the air interface, i.e. larger than the max TBS limitation of the UE. In such use cases, multiple scheduling can effectively reduce the system cost on MPDCCH/NPDCCH transmission, saving PDCCH resource to serve other UEs or to be used for PDSCH transmission. However, multiple scheduling doesn’t benefit a UE in idle mode when it only monitors small paging messages from the network.
Multiple scheduling could also be applied to SC-PTM service.  The network can use the multiple scheduling mechanism to schedule several SC-MTCH TBs with a single DCI, to reduce the MPDCCH/NPDCCH overhead.
Multiple scheduling can be applied to unicast service in connected mode and SC-PTM.
Both LTE-M and NB-IoT (from Rel-14 onwards) support multiple HARQ processes running in parallel. A HARQ process cannot be scheduled with another transport block until the current one has been processed and acknowledged. For this reason, in multiple scheduling, the DL/UL transport blocks scheduled by the same DCI must belong to different HARQ processes, and the maximum number of TBs that can by scheduled with a single DCI cannot exceed the number of configured HARQ processes.
[bookmark: _Hlk525818381]For unicast service, the DL/UL transport blocks scheduled by the same DCI must belong to different HARQ processes.
For unicast service, the maximum number of TBs can be scheduled by one DCI cannot exceed the number of supported HARQ processes.
From Rel-14 NB-IoT can support 2 HARQ processes on both DL and UL. However, this feature is configurable. The multiple scheduling is applicable only when 2 HARQ processes are configured. From the UE capability perspective, supporting 2 HARQ processes is a prerequisite of supporting multiple scheduling.
In the SC-PTM case, there is no HARQ feedback for the data transmission in the downlink, so we don’t need multiple HARQ processes, so there is no limit from that point of view to the number of SC-MTCH TBs that can be scheduled together with a single DCI. 
For SC-PTM, there is no limit to the number of SC-MTCH TBs that can be scheduled by one DCI.
To support multiple scheduling, it is necessary to introduce new DCI formats. On the other hand, RAN1 has agreed that the number of blind decodes for MPDCCH is not increased as a result of scheduling multiple transport blocks. This agreement is made on LTE-M but we think the same principle should be applied to NB-IoT. RAN1 has also agreed that the possibility of scheduling multiple DL/UL transport blocks is configured via RRC.
A solution to this problem is to define two set of DCIs: single scheduling DCIs (i.e. the legacy LTE-M/NB-IoT DCIs) and multiple scheduling DCIs (new DCIs to support multiple scheduling).  A UE should monitor only one set of DCIs at a time. UEs configured by RRC signalling to multiple scheduling mode should only monitor the multiple scheduling DCIs, while UEs not configured with multiple scheduling mode can still monitor the legacy DCIs.
Another solution is that the multiple scheduling DCIs are designed to have the same sizes as the legacy DCIs. UEs with multiple scheduling configuration can have different interpretation of the DCI fields, without increasing the MPDCCH/MPDCCH blind decoding complexity. However, the new DCI formats for multiple scheduling need to be designed in RAN1 and it might not be possible to maintain the same DCI sizes.
For RAN2 perspective, UEs need to be configured with multiple scheduling mode before they start to monitor new DCI formats for multiple scheduling, regardless the RAN1 design decision on DCI monitoring.
UEs are configured to multiple scheduling mode by dedicated RRC signaling for unicast service.
SC-PTM service address UEs in both idle mod and connected mode. It is too costly, if not impossible, to configure multiple scheduling for every UE in the cell via dedicated RRC signaling. For SC-PTM, multiple scheduling configuration can be either broadcasted in system information or transmitted in MCCH for those UEs that support the feature. UEs that support multiple scheduling can monitor either the legacy DCIs or the multiple scheduling DCIs, according to the configuration.
For SC-PTM service, multiple scheduling configuration is indicated in system information or transmitted in MCCH.
According to the RAN1 agreement, when scheduling of multiple TBs is enabled, the number of scheduled transport blocks should be dynamically selected via DCI.
[bookmark: _Hlk525651006]Enhancement of SPS
The legacy LTE and LTE-M (CE-mode A) support SPS on both DL and UL. In Rel-15, SPS on UL was also introduced to NB-IoT for BSR reporting. In the legacy SPS, eNB configures SPS to UE via RRC signalling. The UE starts to monitor PDCCH search space with SPS specific RNTI for SPS activation/deactivation commands. When SPS is activated, UE should receive PDSCH and/or transmit PUSCH regularly with the predefined transmission periodicity and format according to the RRC SPS configuration. eNB doesn’t need to transmit PDCCH for scheduling of DL and/or UL transmission when running SPS.
When evaluating using SPS in NB-IoT for DL/DL data transmission, the technical drawbacks and limitations of SPS need to be considered. As mentioned previously, legacy SPS requires RRC signalling for configuration and monitoring of PDCCH for activation and deactivation. Moreover, once SPS is configured and activated, certain DL/UL transmission resource is reserved for the UE, which cannot be used by any other UEs even though the SPS UE does not has DL/UL data to receive/send. 
From the network perspective, SPS reservation in DL/UL transmission resource could potentially increase the scheduling complexity and reduce resource utilization.
SPS by nature is most suitable for perfectly periodic data traffic pattern with the same TB size and interval for every PDSCH/PUSCH transmission, such as VoIP in LTE-M. On the other hand, NB-IoT is preliminarily designed for low cost devices with massive deployment. The data traffic pattern for a NB-IoT device is assumed to be low-volume, sparse and bursty in time. In such use cases it is evident that SPS is less efficient compared to some other scheduling enhancement mechanisms, such as multiple scheduling as discussed in the previous section of this paper.
From the above reasons, we suggest companies to discuss the potential application scenarios where the benefit of using SPS for DL/UL data transmission is clear. 
Companies to discuss the potential application scenarios of using SPS for DL/UL data transmission in NB-IoT.
[bookmark: _Toc520930831]Conclusion
Based on the discussion in Section 2 we make the following observations and proposals:
1. Multiple scheduling could be applied to unicast service in connected mode and SC-PTM.
1. For unicast service, the DL/UL transport blocks scheduled by the same DCI must belong to different HARQ processes.
1. For unicast service, the maximum number of TBs can be scheduled by one DCI cannot exceed the number of configured HARQ processes.
1. For SC-PTM, there is no limit to the number of SC-MTCH TBs that can be scheduled by one DCI.
1. UEs are configured to multiple scheduling mode by dedicated RRC signaling for unicast service.
1. For SC-PTM service, multiple scheduling configuration is indicated in system information or transmitted in MCCH.
1. Companies to discuss the potential application scenarios of using SPS for DL/UL data transmission in NB-IoT. 
[bookmark: _In-sequence_SDU_delivery][bookmark: _Toc520930832]References
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