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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

According to the WID, the second objective, i.e. 2-cell scheduling by a single DCI needs to be studies first. Therefore, in this contribution, we provide our investigation 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. 

NR already support multi-TTI scheduling with multiple TBs for a cell. Within one cell, the adjacent slots are normally corelated which is basis for overhead saving. However, such correlation doesn’t exist in 2-cell scheduling. Therefore, it cannot be used as a reference to do multi-cell scheduling. 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. Any further overhead reduction of 2-cell scheduling has a penalty of scheduling flexibility. 

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 all different on the two cells in a time. That is, FDRA, MCS/NDI/RV and Antenna ports/TCI need to be duplicated for the two cells. Further, TDRA may be different on the two cells. The reason is that there is a limitation on TDRA for cell coexisted with LTE, however, there is no such limitation for NR-only cell. The similar limitation applies to Rate matching indicator. In brief, only quite limited number of fields may be commonly applied to both cells.

Table 1 provides a preliminary analysis on the DCI overhead for 2-cell scheduling. For the full flexibility, the DCI size needs to increase by about 74% (13% overhead saving compared with 2 separate DCI for single-cell scheduling). On the other hand, even when overhead saving is considered, the overhead increase is still about 59% (20.5% overhead saving compared with 2 separate DCI for single-cell scheduling).

Table 1: DCI size analysis for 2-cell scheduling
	DCI field
	Singel-cell scheduling
	Additional bits for 2-cell scheduling

	
	
	maximum flexibility
	overhead saving

	Identifier for DCI formats 
	1
	 
	 

	Carrier indicator 
	3
	3
	 

	Bandwidth part indicator 
	2
	2
	2

	FDRA
	18
	18
	18

	TDRA
	4
	4
	4

	VRB-to-PRB mapping 
	0
	 
	 

	PRB bundling size indicator 
	1
	1 
	1 

	Rate matching indicator 
	2
	2
	2

	ZP CSI-RS trigger 
	2
	2
	2

	TB1: MCS
	5
	5
	5

	TB1: NDI
	1
	1
	1

	TB1: RV
	2
	2
	2

	TB2: MCS
	5
	5
	5

	TB2: NDI
	1
	1
	1

	TB2: RV
	2
	2
	2

	HARQ process number 
	4
	4
	4

	C-DAI/T-DAI
	4
	4
	 

	TPC
	2
	2
	 

	PRI
	3
	3
	 

	K1
	3
	3
	 

	Antenna ports
	6
	6
	6

	TCI
	3
	3
	3

	SRS request
	2
	 
	 

	CBGTI
	0
	 
	 

	CBGFI
	0
	 
	 

	DMRS sequence initialization
	1
	1
	1

	CRC
	24
	 
	 

	Size of single-cell DCI 
	101
	 
	 

	Size of two-cell DCI
	 
	174
	159




Observation 1: To support 2-cell scheduling by a single DCI, the DCI size need to be increased by about 59-74% over a DCI for single-cell scheduling. 

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, the size reduction doesn’t necessarily turn into PDCCH resource saving. The reason is that, only PDCCH aggregation level, i.e. 1, 2, 4, 8, 16 CCEs are supported in the specification for the PDCCH transmission for a UE. The DCI size reduction may not result in change of the number of CCEs under certain channel conditions. 

Observation 2: The DCI size reduction of 2-cell scheduling by a single DCI doesn’t necessarily result into PDCCH resource saving. 

In fact, there are many other issues need to be considered if the specification of 2-cell scheduling by single DCI is needed. 
· The RRC signalling to configure 2-cell scheduling by single DCI
· Duplication or not needs to be checked for each DCI field separately. Different companies may have different view, hence it may be quite hard to converge on a single design. 
· UE complexity is increased to detect both DCI for singe-cell scheduling and DCI for 2-cell scheduling. The maximum number of PDCCH candidates and maximum number of CCEs for channel estimation need to be modified.
· HARQ-ACK feedback, including both Type1 codebook and Type2 codebook needs to be revised.

Observation 3: Potential specification impacts include but not limited to
· The RRC configuration 
· Separate design for each DCI field 
· UE complexity on PDCCH detection.
· HARQ-ACK transmission.

Above all, the allocated TU for the WI is quite limited. It is much likely the standardization work cannot be completed on time if 2-cell scheduling by single DCI is considered. 

Observation 4: The WI may not be closed on time if 2-cell scheduling is considered in scope. 
Conclusion
In this contribution, we provide our views on 2-cell scheduling by a single DCI. we make the following observations. 
Observation 1: To support 2-cell scheduling by a single DCI, the DCI size need to be increased by about 59-74% over a DCI for single-cell scheduling. 

Observation 2: The DCI size reduction of 2-cell scheduling by a single DCI doesn’t necessarily result into PDCCH resource saving. 

Observation 3: Potential specification impacts include but not limited to
· The RRC configuration 
· Separate design for each DCI field 
· UE complexity on PDCCH detection.
· HARQ-ACK transmission.

Observation 4: The WI may not be closed on time if 2-cell scheduling is considered in scope. 
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