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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#86 meeting, a new WID on NR Dynamic spectrum sharing (DSS) was approved for Release 17 [1]. The work item is limited to FR1, and includes the following objectives:
	· PDCCH enhancements for cross-carrier scheduling including [RAN1, RAN2]
· PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell
· [bookmark: OLE_LINK11]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


[bookmark: OLE_LINK6]RAN1 studied “PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI” in the past few meetings, and led to some observations, which are captured in moderator summary of R1-2102138 [2]. 
In this contribution, a comprehensive understanding of the observations and results will be provided, and some potential issues from some companies will be discussed.
Discussion
Evaluations in R1-2102138
Simulation assumptions
Some key simulation assumptions of scenarios and combinations can be seen as following, other simulation assumptions can be found in the [2].
· Simulation scenarios:
· For two-cell scheduling via a single DCI, PDCCH transmitted on a first cell schedules one PDSCH on the first cell and another PDSCH on a second cell.
· For single-cell scheduling (baseline), one PDCCH transmitted on a first cell schedules one PDSCH on the first cell via self-scheduling and another PDCCH transmitted on the first cell schedules another PDSCH on a second cell via cross-carrier scheduling.
· Combinations:
· 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]
· [Combination 4: 4GHz, 30 kHz SCS, 4 Tx, 4 Rx, 40 MHz carrier BW, 2-symbol CORESET with 96RBs]

Evaluation results
In the past RAN1 meetings, some evaluation results through simulations are provided by companies, including average CCE saving rate, PDCCH blocking rate, PDCCH capacity. 
· PDCCH blocking rate
As captured in [2], it can be observed that almost all the results show the PDCCH blocking rate can be reduced with joint scheduling DCI. For two small carriers across FDD bands (combination 1 and combination 3), approximately 3.6%~34% reduction for 5~20 CA users for 96/108 bits DCI. For larger CORESET on a scheduling carrier of TDD band (combination 2 and combination 4), similar trend with smaller gains on reducing PDCCH blocking rate. Even more gains can be achieved if PDCCH payload can be further reduced.
· PDSCH throughput
According to the results of PDCCH blocking rate, it is expected that one joint DCI scheduling two carriers can save some CCE resources compared to using two legacy DCI scheduling two carriers. To evaluate the PDSCH throughput improvement achieved by the saving CCE resources, following two approaches are applied.
· Approach a) by transmitting more PDCCHs in the same CORESET, and multiplexing more users (more PDSCHs) by MU-MIMO (CORESET level rate matching as Rel-15)
· Approach b) by configuring a smaller CORESET size for joint scheduling DCI in order to keep the PDCCH blocking rate the same as that for legacy DCI on a larger CORESET
[bookmark: OLE_LINK64][bookmark: OLE_LINK66]According to the observation in [2], 2%~11% improvement for network average throughput for 5~20 CA users for 96/108 bits DCI without scheduling restriction on RA fields and 8%~68% improvement for cell-edge user throughput can be achieved for two small carriers across FDD bands (combination 1 and combination 3). For large CORESET on a scheduling carrier of TDD band (combination 2 and combination 4), up to 2.3% gain or no gain in DL throughput with restriction on RA fields or restricted CA UE numbers can be achieved. And MU-MIMO as currently supported/implemented is an effective tool to maximize the potential of joint DCI scheduling.
· Comments on the evaluation/results performed in RAN1
There are counter considerations on the evaluation results, which are summarized below with our analysis:
· There is no gain when there is no enough CA UE
· CA UE number is a traffic issue, and would be a choice of network configuration and the network should be smart enough to use the feature when needed.
· For the UEs configured with CA and scheduled using joint DCI, they are benefit from reduced PDCCH blocking rate thus reduced scheduling delay. From network perspective, throughput improvement benefits can also be expected only for certain UEs enabled with joint DCI scheduling, e.g. cell-edge users.
· If a joint scheduling DCI is introduced, DCI size alignment or DCI size budget leads to overhead increment
· There is no DCI size budget requirement for the WI. For the PDCCH BD budget, BD budget can be kept depending on DCI format design, which is not a concern and similar issue is being discussed for objective 1 of Rel-17 DSS. 
· Even DCI size budget is preferable to be kept, it is not a new issue and there is existing tool as specified from Rel-16 URLLC.
· Whether joint DCI is relevant to DSS and whether other scenarios can be considered
· Various scenarios including DSS are evaluated as given in RAN1 study. DSS itself does not necessarily lead to CA operation while a DSS carrier can be a component carrier of combination 1 or 3 for an efficient use of multiple small carriers in a general CA. This is in line with Rel-17 DSS enhancement WID based on CA operation.
Nevertheless, it is naturally understood that there are applicable scenarios for certain schemes and it is also clear that the benefits identified for applicable scenarios does not rely on unrealistic assumptions - the main factor of number of DL CA user number is a traffic issue and network can choose to enable this for the UEs supporting this feature only, and both UEs and network can still benefit from the operation in terms of reduced PDCCH blocking rate, reduced scheduling delay, and improved average/cell-edge throughput. 
Based on the discussion above, it would be good for RAN1 to capture a generic observation as the output of RAN1 study, while leaving the details captured in the previous observations as they are. The following is therefore proposed:
Observation 1: Using joint DCI scheduling 2 DL CCs is beneficial for reducing the PDCCH blocking rate under the assumptions captured in R1-2102138.
Observation 2: Using joint DCI scheduling can be beneficial for improving the PDSCH throughput for two carriers with the same SCS, depending on the number of DL CA users and PDCCH payload.
[bookmark: OLE_LINK7]Observation 3: The benefits observed in R1-2102138 are applicable to CA of two carriers at least with the same SCS, including DSS carrier(s).
Further evaluation results for 3 carriers
If more than 2 DL carriers are scheduled using a joint scheduling DCI, more gains are predictable and the scenario with more carriers, e.g. 4 seems to draw booming interest as seen in [3]. 
In order to verify this, spectrum efficiency of carrier combination including 3 NR-only DL carriers as shown in Figure 1 is evaluated through system level simulation. The approach a mentioned above is applied, i.e. same CORESET size are assumed for baseline and joint scheduling. For the DCI size of joint scheduling DCI, additional bits are assumed for each of the two additional PDSCHs, i.e. 132bits. The detailed simulation assumptions can be found in Appendix A.
	[image: ]

	[bookmark: _Ref71559207]Figure 1 Single PDCCH scheduling for 3 DL carriers


SLS results are provided as shown in Figure 2, from which it can be observed that the scheduling PDSCH on 3 DL carriers using a joint scheduling DCI can achieve more impressive gains compared with the case that scheduling PDSCH on 2 DL carriers.
[image: ]
[bookmark: _Ref71559221]Figure 2 SLS results for SE evaluation
The current scope of Rel-17 DSS for objective 2 limits the enhancement on DL. It is technically fine to consider DL only, while in real networks it would be more natural to consider a unified operation applicable to both DL and UL. Also, when UL enhancement is implemented with a similar scheme, the overall performance and applicable scenarios, e.g. UL dominated, can be increased as well. Although the scenario is out of Rel-17 DSS scope, the commonality of the operation is straightforward regardless the number of aggregated carriers. Thus,
Observation 4: It is feasible to use joint DCI for scheduling more than 2 carriers including UL carriers. More benefits may be expected, which can be further discussed/studied.
Suggestion for Rel-17 DSS Objective 2
Given the study performed in RAN1, single DCI joint scheduling can be deemed beneficial in applicable scenarios. RAN1 should be able to conclude this as outcome of the study required in WID. 
On the other hand, it is also considered challenging to complete the work within Rel-17 remaining time frame, and more important, the specification work based on the current WID restriction, i.e. 2 DL CCs, may impose unnecessary restrictions thus disable many other applicable scenarios. It would be optimal to allow more time to specify the details of this operation in Rel-18, where discussion on other applicable scenarios can also be performed.
Proposal:
· RAN1 agrees on the above observations for Objective 2 of Rel-17 DSS enh. WID
· RAN1 sends LS to RAN to conclude that the specification work of Objective 2 is deferred
· Additional applicable scenarios can be further discussed in e.g. Rel-18.
[bookmark: _Ref129681832][bookmark: _GoBack]Conclusion
According to the above discussions, we have the following observations and proposal:
Observation 1: Using joint DCI scheduling 2 DL CCs is beneficial for reducing the PDCCH blocking rate under the assumptions captured in R1-2102138.
Observation 2: Using joint DCI scheduling can be beneficial for improving the PDSCH throughput for two carriers with the same SCS, depending on the number of DL CA users and PDCCH payload.
Observation 3: The benefits observed in R1-2102138 are applicable to CA of two carriers at least with the same SCS, including DSS carrier(s).
Observation 4: It is feasible to use joint DCI for scheduling more than 2 carriers including UL carriers. More benefits may be expected, which can be further discussed/studied.

Proposal:
· RAN1 agrees on the above observations for Objective 2 of Rel-17 DSS enh. WID
· RAN1 sends LS to RAN to conclude that the specification work of Objective 2 is deferred
· Additional applicable scenarios can be further discussed in e.g. Rel-18.
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Table A: System level simulation assumptions 
	Parameters
	Values

	Carrier frequency
	2GHz

	SCS
	15 kHz

	BS antenna height
	25 m

	UE height
	1.5m

	TRP transmit power
	46 dBm for 10MHz

	Scenario
	Urban Macro

	ISD
	500m

	TRP antenna configuration
	 (M,N,P,Mg,Ng)= (2,8,2,1,1)

	UE antenna configuration
	(M,N,P,Mg,Ng)= (1,1,2,1,1)

	Device deployment
	80% indoor, 20% outdoor 

	UE speeds of interest
	Indoor users: 3km/h

	
	Outdoor users (in-car): 30 km/h

	BS noise figure
	5 dB

	BS antenna element gain
	8 dBi

	UE noise figure
	9 dB

	Thermal noise level
	-174 dBm/Hz

	Traffic
	Full Buffer(baseline)

	Macro sites
	19

	Number of UEs per cell
	10/15/20 UEs  

	Downtilt
	102°

	Minimum BS to UE distance
	35m
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