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1. Introduction
	NR dynamic spectrum sharing work item is introduced in Rel-17 to accommodate different network deployments. The objectives of NR DSS are specified in [1] and some agreements on multi-cell PDSCH scheduling via a single DCI were reached at the RAN1#102-e meeting [2]. In this contribution, we discuss the advantages of supporting multi-cell PDSCH scheduling via a single DCI and some proposals are given. 
[1]	RP-193260, ” New WID on NR Dynamic spectrum sharing (DSS)”
	3	Justification
Dynamic spectrum sharing (DSS) provides a very useful migration path from LTE to NR by allowing LTE and NR to share the same carrier. DSS was included already in Rel-15 and further enhanced in Rel-16. As the number of NR devices in a network increases, it is important that sufficient scheduling capacity for NR UEs on the shared carriers I ensured.   
4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
This work item is limited to FR1, and includes the following objectives for NR Dynamic Spectrum Sharing (DSS):
· PDCCH enhancements for cross-carrier scheduling including [RAN1, RAN2]
· PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell
· Study, and if agreed specify PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI
· The number of cells can be scheduled at once is limited to 2
· The increase in DCI size should be minimized
· [bookmark: _Hlk27038352]Note: The total PDCCH blind decoding budget should not be changed as a result of this work
· Note: These enhancements are not specific to DSS and are generally applicable to cross-carrier scheduling in carrier aggregation


[2] Chairman Notes, 3GPP TSG RAN WG1 meeting #102-e, e-Meeting, August 17th-28th 2020.
	Agreements:
· For the study on single DCI scheduling PDSCH on two cells 
· Consider the following scenarios as baseline for evaluation 
· UE configured with Inter-band CA with PCell and an SCell 
· PCell for the UE is operated on a DSS carrier (i.e.,  same carrier is also used for serving LTE users)
· Case 1: Different SCS for PCell and SCell
· Case 2: Same SCS for PCell and Scell
· Additional scenarios can also be evaluated, e.g. as below 
· Intra-band CA case with multiple serving cells having same SCS (all cells operated on non DSS carriers)
· Inter-band CA case with PCell and more than one SCell (at least the SCells are operated on non DSS carriers)
· Note: other combinations not precluded


2. Discussion
In WID scope [1], it is for network deployment to allow existence of some shared frequency bands (e.g. DSS bands or DSS carriers) in which both LTE and NR are deployed. Since LTE is deployed around and exists for numerous years, it is important to maintain LTE and introduce NR in these frequency bands in response to the increased number of NR UEs. 
For the shared carriers, NR cannot utilize all slots due to coexistence of LTE. One main impact is reduction of L1 control capacity, especially when the shared carrier is operated as NR P(S)Cell for some NR UE(s). Thus, L1 control overhead reduction is one key objective for these DSS carriers to achieve efficiency and capacity improvement. As in WID [1], PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell is supported for NR DSS to reduce the L1 control overhead in the P(S)Cell. To further improve the system capacity, we need to study the necessity of using a single DCI to schedule PDSCHs on multiple cells. 
For NR Rel-15/16, a DCI can only schedule one PDSCH on one cell, for both self-scheduling and cross-carrier scheduling cases. It means each PDSCH can be seen to have a control overhead of one DCI. If NR DSS supports using a single DCI to schedule N PDSCHs on  cells, the N PDSCHs can be seen to have a control overhead of sharing one DCI. Based on the DSS WI,  is limited to 2. 
This feature can benefit non-DSS carriers, while it is even more beneficial for the DSS carriers because the control overhead is one bottleneck for the system capacity on the DSS carriers. Therefore, we propose that NR DSS supports PDCCH scheduling PDSCHs on multiple cells using a single DCI. 
Proposal 1: NR DSS supports PDCCH scheduling PDSCHs on two cells using a single DCI. 
Using one DCI for multiple PDSCHs can reduce some common control bits, such as CRC bits. Some fields in one DCI may be further shared between the multiple PDSCHs. For example, it is reasonable that HARQ-ACK information of the multiple PDSCHs are transmitted in the same PUCCH transmission. Therefore, fields about reporting HARQ-ACK information can be shared between the multiple PDSCHs, e.g. TPC command for scheduled PUCCH, PUCCH resource indicator, PDSCH-to-HARQ feedback timing indicator, downlink assignment index, etc. 
However, fields about resource assignment and transmission parameters for the multiple PDSCHs may not be suitable for sharing between the multiple PDSCHs, e.g. TDRA field, FDRA field, TB-related information, HARQ process number, TCI field, etc. Otherwise, sharing these fields will restrict to network scheduling flexibility. Thus, such fields should be separate between the multiple PDSCHs scheduling by a single DCI. 
Proposal 2-1: DCI fields about reporting HARQ-ACK information are shared between the multiple PDSCHs scheduled by a single DCI. 
Proposal 2-2: DCI fields about resource assignment and transmission parameters are separate between the multiple PDSCHs scheduled by a single DCI. 

Moreover, applicable combinations of the two cells to be scheduled by a single DCI can be discussed/specified. Based on the Rel-15/16 cross-carrier scheduling framework, a scheduling cell shall at least support self-scheduling. In our view, it is natural that one of the two scheduled cells is the scheduling cell itself. Otherwise, using a single DCI to cross-carrier schedule two cells will make the standard design more complicated. Thus, we propose that one of the two cells scheduled by a single DCI is the scheduling cell itself. It can also reduce the number of bits that are used to indicate the scheduled cells, and reusing legacy carrier indicator field seems feasible. 
Proposal 3: Constrain one of the two cells scheduled by a single DCI to be the scheduling cell. 

3. Conclusion
According to the discussion mentioned above, we have the following proposals. 
Proposal 1: NR DSS supports PDCCH scheduling PDSCHs on two cells using a single DCI. 
Proposal 2-1: DCI fields about reporting HARQ-ACK information are shared between the multiple PDSCHs scheduled by a single DCI. 
Proposal 2-2: DCI fields about resource assignment and transmission parameters are separate between the multiple PDSCHs scheduled by a single DCI. 
Proposal 3: Constrain one of the two cells scheduled by a single DCI to be the scheduling cell. 
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