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[bookmark: _Ref7476982]Introduction 
At RAN plenary meeting #86, a work item (WI) for the enhancement of dynamic spectrum sharing (DSS) was agreed [1], the following objective was identified. 

· 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

In RAN plenary meeting #91e, the following conclusion was made on multi-cell scheduling via single DCI,
· For “PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI”: no agreement to proceed to the specification phase and no agreement to stop the work on the feature either.

Therefore, multi-cell scheduling by a single DCI still needs to be studied in RAN1. In this contribution, we provide our further views on 2-cell scheduling by a single DCI. 
Discussions 
In a carrier aggregation scenario, it is generally preferred to configure PCell on a cell in low frequency, which is helpful to improve UL transmission coverage/performance. On the other hand, the low frequency is likely being used by an LTE cell too. Therefore, DSS was introduced in Rel-15 and Rel-16 for the better co-existence between LTE and NR on same frequency. In detail, in a shared carrier of LTE and NR, the NR transmission needs to avoid the REs of LTE CRS and LTE PDCCH. Such DSS operation for NR results in capacity limitation on NR PDCCH transmissions especially for the case when number of NR devices on PCell increases. 

The first objective [1], i.e. PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell is one way to mitigate the impact on NR PDCCH on PCell. By this way, the PDCCHs scheduling PCell transmission can be offloaded to a scheduling SCell, which completely avoid the dependence between NR PDCCH and LTE transmissions. The SCell is typically a NR-only cell. More T/F resources on the SCell can be allocated to PDCCH transmission. However, there is still a concern that the capacity on PDCCH may become a problem since more PDCCHs cumulate to the SCell. 2-cell scheduling by a single DCI is then proposed to mitigate PDCCH capacity issue on the SCell. The overhead reduction by 2-cell scheduling by a single DCI is a compromise to the scheduling performance for the two cells. Further, it is also argued that, 2-cell scheduling if introduced, may not be limited to the DSS use case. 

NR already supports multi-TTI scheduling with multiple TBs on uplink, which could be a reference to design DCI for 2-cell scheduling. Within one cell, the adjacent slots are normally corelated which is basis for overhead saving, e.g. sharing the FDRA and TDRA for the multiple PUSCHs. However, such correlation doesn’t exist in 2-cell scheduling, since the channel conditions on the two cells, even for intra-band case, can be quite different. Therefore, the same scheme handling a field in existing multiple-TTI scheduling may not be applicable to multi-cell scheduling. 
· In the DSS scenario, PCell and the Scell are likely to be on the different frequency band. Specifically, PCell is on low frequency which co-exists with an LTE cell. On the other hand, the SCell is on a high frequency and is NR-only. Due to the large distance on frequency, channel conditions for PCell and the SCell are independent. Consequently, the proper PRB allocation, transmission schemes and link adaptation are likely independent on the two cells in a time. That is, FDRA need to be duplicated for the two cells. 
· TDRA may be normally different on the two cells too. For example, there is a limitation on TDRA for cell coexisted with LTE, while there is no such limitation for NR-only cell. Further, the different SCSs on PCell and SCell result in different proper TDRA too. 

For the full flexibility of gNB scheduling, all fields of a DCI single-cell scheduling need to be duplicated. In this case, the overhead saving is just the bits of one CRC field, i.e. 24 bis, comparing one DCI for 2-cell scheduling and two DCIs of separated single-cell scheduling. It is possible that some fields in the DCI format can apply to both cells without much impact on the scheduling. Further, overhead reduction of other fields may sacrifice the transmission performance and may be only applicable in certain conditions. 

Observation 1: To support 2-cell scheduling by a single DCI, the reduced DCI size and impact on the transmission performance needs to be balanced.

The size of a joint DCI for 2-cell scheduling is less than the total size of 2 separate DCIs for single-cell scheduling. However, it is not that straightforward how a DCI size reduction turns into PDCCH resource saving. On the other hand, ratio of PDCCH blocking is another important factor for the PDCCH design. In [2], we provided our evaluation results on the PDCCH resource saving and the reduction of PDCCH blocking ratio based on the required SINR values comparing the use of one DCI for 2-cell scheduling or two DCIs for single-cell scheduling. The ratio of CCE saving is about 20~40%. The a clear benefit on reduced PDCCH blocking ratio is observed.

Observation 2: Based on the required SINR values and geometry curves obtained by LLS and SLS
· The ratio of CCE saving is about 20~40%;
· The reduced PDCCH blocking ratio is observed. 

Due to saved CCEs or reduced PDCCH blocking ratio for 2-cell scheduling by a single DCI, it may allow gNB to configure a smaller CORESET size without a degradation on scheduling flexibility. Alternatively, if CORESET size is not change, some CCEs or even a full CORESET may be saved from PDCCH transmission, which can be reused for PDSCH transmission. For example, such functionality can be achieved by the dynamic rate matching pattern for PDSCH transmissions. 

Observation 3: It is expected that DL throughput can be increased by 2-cell scheduling via a single DCI.  

On the other hand, standardization effort is another concern for multi-cell scheduling. It is impossible to optimize all the details from the beginning. Therefore, as proposed by some companies in early RAN1 meetings and RAN plenary meeting, the scope for the feature can be limited. For example, only 2-cell scheduling is specified in Rel-17. Further, it helps if the same SCS can be assumed for the two cells that are scheduled by a DCI for 2-cell scheduling. 

Proposal: RAN1 to specify multi-cell scheduling by a single DCI with reduced scope,
· It is limited to 2-cell scheduling
· Same SCS is assumed for the two cells in 2-cell scheduling. 
Conclusion
In this contribution, we provide our views on 2-cell scheduling by a single DCI. we make the following observations and proposal. 
Observation 1: To support 2-cell scheduling by a single DCI, the reduced DCI size and impact on the transmission performance needs to be balanced.

Observation 2: Based on the required SINR values and geometry curves obtained by LLS and SLS
· The ratio of CCE saving is about 20~40%;
· The reduced PDCCH blocking ratio is observed. 

Observation 3: It is expected that DL throughput can be increased by 2-cell scheduling via a single DCI.  

Proposal: RAN1 to specify multi-cell scheduling by a single DCI with reduced scope,
· It is limited to 2-cell scheduling
· Same SCS is assumed for the two cells in 2-cell scheduling. 
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