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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The work item on multi-cell PDSCH scheduling via a single DCI is limited to FR1, and includes the following objectives:

•	PDCCH enhancements for cross-carrier scheduling including 
· 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

•	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#104e, the following agreements have been made for enhancements for multi-cell PDSCH scheduling via a single DCI [1]:

· The proposal in section 2.6 of R1-2102138 for PDCCH blocking probability is taken as RAN1 observation
· The proposal in section 2.6 of R1-2102138 for PDSCH throughput is taken as RAN1 observation 

· The observations for multi-cell PDSCH scheduling via a single DCI to be summarized in the status report along with explanation on different combinations that were considered for submission to RAN.

In this contribution, we discuss the simulations results for multi-cell scheduling via a single DCI and its use case scenarios. We also look at the potential specification impact, only minor impacts are envisaged by specifying PDCCH of P(S)Cell or sSCell scheduling multiple PDSCHs on multiple carriers.  
Discussion
For multi-cell scheduling via a single DCI, the following observations have been captured in section 2.6 of R1-2102138 as conclusions:
On PDCCH blocking probability using a single DCI to schedule two PDSCHs on two carriers, 11 sources reported PDCCH blocking probability via simulation. 10 sources reported reduced PDCCH blocking probability, compared to using two separate DCIs with each having 60 bits payload. 
Similar simulation results can be observed for the case of Combination 1: [2 GHz, 15 kHz SCS, 2 Tx, 2 Rx, 20 MHz carrier BW, 2-symbol CORESET with 96RBs], Combination 2: [4 GHz, 30 kHz SCS, 4 Tx, 4 Rx, 100 MHz carrier BW, 1-symbol CORESET with 270RBs], Combination 3: [700MHz, 15 kHz SCS, 2 Tx, 2 Rx, 10 MHz carrier BW, 3-symbol CORESET with 48RBs] and Combination 4: [4GHz, 30 kHz SCS, 4 Tx, 4 Rx, 40 MHz carrier BW, 2-symbol CORESET with 96RBs], and for 108 bits, 96 bits, 84 bits and 72 bits DCI payload of two-cell scheduling DCI respectively.
Moderate gain on PDSCH throughput can also be observed in most cases.
There are a number of applicable scenarios where multi-cell scheduling via a single DCI is need, typically when there is a shortage of PDCCH resources, and it is also beneficial for UE power saving due to reduced PDCCH monitoring. For example, when (i) there is a lack of spare PDCCH capacity as a result of SCell’s own heavy traffic load and/or there is a shortage of PDCCH resources on DSS carrier due to sharing with LTE, or (ii) there is a need for UE power saving, UE is not configured to support enhanced PDCCH monitoring on NR cell, by using another less occupied carrier to send the 2-cell scheduling DCI, it is beneficial for reducing the scheduling delay and PDCCH blocking probability.
Scheduling PDSCH(s) on multiple cells with a single PDCCH can be specified without impact on the current PDCCH blind decoding budget. For multiple cells scheduling a single DCI, we need to identify the bit savings from fields that have no impact on scheduling and determine the total number of bits. 
In case that self-scheduling is used for the first cell and cross carrier scheduling is used for the second cell, CIF is not needed for the first cell as self-scheduling is used on the first cell. However, the scenario of cross-carrier scheduling where a scheduling DCI is not on the same carrier as the two cells it schedules is also an important use case scenario. 
Therefore, the CIF field design to support the indication of the two scheduled cells for both self-scheduling and cross-carrier scheduling use cases is described below. 
There are only 6 ways of choosing 2 cells from 4 active carriers. So a 3-bit CIF field would be enough to support four active carriers, for example encoded as follows (CIF can be used in the existing way if only one cell is being scheduled).
	CIF 
	Scheduled Cells
	CIF 
	Scheduled Cells

	0
	0,1
	4
	1,3

	1
	0,2
	5
	2,3

	2
	0,3
	6
	Reserved

	3
	1,2
	7
	Reserved


					
Table 1 Mapping of CIF Field to Scheduled Cells
In RAN1#102-e meeting, regarding cross-carrier scheduling mechanism from SCell to PCell and scheduling PDSCHs on multiple carriers via a single DCI format, the corresponding agreements are made as below:
Agreements:
· Following scheduling combinations are allowed/not allowed when cross-carrier scheduling from an SCell to PCell/PSCell is configured
a. self-scheduling on PCell/PSCell is allowed
b. cross-carrier scheduling from PCell/PSCell to another SCell is not allowed
c. self-scheduling on the ‘SCell used for scheduling PCell/PSCell’ is allowed
d. cross-carrier scheduling from the ‘SCell used for scheduling PCell/PSCell’ to another serving cell is allowed
e. cross-carrier scheduling from another serving cell to the ‘SCell used for scheduling PCell/PSCell’ is not allowed

For more than four active carriers, there are more than eight 2-cell combinations. Note that not all combinations are schedulable, a carrier is only schedulable if it is active and is allowed to be cross-carrier scheduled from the carrier of the scheduling DCI. In addition, some 2-cell combinations are more likely to be scheduled than others depending on the individual setting. In this case, the table to map CIF value to the scheduled cell pair could be configured by higher layers, so that up to eight 2-cell combinations could be supported in the case of more than 4 active carriers. Thus, when the CIF field is used for two-cell scheduling the DCI still matches the original size of the CIF field for a one-cell DCI (three bits).
Proposal 1: CIF field for two-cell scheduling DCI can match the original size of CIF field for one-cell DCI (3-bit).  
The two scheduling schemes, i.e. single-cell PDCCH scheduling or two-cell PDSCH scheduling via a single DCI can be differentiated via one bit, either new or redefined field, in scheduling DCI without introducing any new DCI format.
Proposal 2: Introduce one bit in scheduling DCI for dynamic switching between scheduling a single cell and scheduling two cells.
[bookmark: _Hlk47339681][bookmark: _Ref129681832]For Type 2 HARQ-ACK codebook, since each non-fallback DCI can schedule one or two PDSCHs, when a DCI is missed by the UE, there may be ambiguity between gNB and UE on the number of scheduled PDSCHs. As a result, how to synchronize the same understanding between gNB and UE should be considered in the DAI design. Therefore, we would like to propose the following:
Upon receiving a two-cell scheduling DCI, the C-DAI for the two-carrier scheduling DCI is incremented by one thus representing the accumulated number of scheduling DCIs, rather than the accumulated number of scheduled carriers; and as the T-DAI counts the total number of PDSCH scheduled, its value is increased by the total number of PDSCH (i.e. increment by 2).
Proposal 3: C-DAI counter is incremented by the number of scheduling DCI, while T-DAI counter is incremented by the total number of scheduled PDSCHs.
[bookmark: _Hlk67655751]The HARQ-ACK feedback corresponding to the two PDSCHs scheduled by a same DCI can be included in a same HARQ-ACK codebook so that the HARQ-ACK feedback timing indicator K1, PUCCH resource indicator as well as TPC command in the DCI can be shared. Since the SCS and scheduling timing may be different for the different scheduled cells, the end timing of the first scheduled PDSCH may even be later than that of the second scheduled PDSCH. We propose that K1 value is always chosen with relative to the end of the first PDSCH. This would avoid ambiguity for HARQ-ACK feedback timing. If the SCS value of the carrier of second PDSCH is larger than the SCS value of the carrier for the first PDSCH, then more than one slot may be selected based on the k1 value, the first available slot will be used by gNB for PDSCH transmission.   
Proposal 4: K1 value is chosen with relative to the end of the first PDSCH in two-cell scheduling DCI.
The HARQ-ACK codebook determination may also need to consider the difference in SCS and scheduling/feedback timing for the different scheduled cells. The construction of HARQ-ACK codebook feedback needs to synchronize the same understanding between gNB and UE. In order to reduce complexity in determining which bits are for the first scheduled PDSCH, and which bits are for the second scheduled PDSCH, we propose that the HARQ-ACK codebook is the concatenation of the two cells’ ACK/NACKs in order of carrier ID other than based on the PDSCH occasion’s timing.
Proposal 5: HARQ-ACK codebook is the multiplexing of ACK/NACKs of the two cells in order of carrier ID.

[bookmark: _Hlk61358028][bookmark: _Hlk61358061]3 Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we looked at the impact of specifying PDCCH of P(S)Cell or sSCell scheduling multiple PDSCHs on multiple carriers, discussed issues related to CIF bit savings, HARQ-ACK codebook determination and DAI design, and proposed the following:
Proposal 1: CIF field for two-cell scheduling DCI can match the original size of CIF field for one-cell DCI (3-bit).  
Proposal 2: Introduce one bit in scheduling DCI to support dynamic switching between scheduling a single cell and scheduling two cells.
Proposal 3: C-DAI counter is incremented by the number of scheduling DCI, while T-DAI counter is incremented by the total number of scheduled PDSCHs.
Proposal 4: K1 value is chosen with relative to the end of the first PDSCH in two-cell scheduling DCI.
Proposal 5: HARQ-ACK codebook is the multiplexing of ACK/NACKs of the two cells in order of carrier ID.
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