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Introduction
RAN#86 approved a DSS WI for Release 17 with the following objective [1]:
	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


In the previous meeting the following has been agreed
	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
Note: Further details of evaluation framework (including carrier BW, slot format etc.) to be discussed in next stage



 On benefits and specification effort  
RAN plenary already agreed that NR shall support cross-carrier scheduling from Scell to Pcell. This having benefit particularly in DSS (but not only), where PDCCH multiplexing between LTE and NR PDCCH is cumbersome. A gNB may schedule PDSCH on both Pcell and Scell for [DSS] NR UE from Scell in a slot if the feature is specified in R17 as decided by RAN. 
In this case gNB transmits two PDCCH scheduling PDSCH in the same slot. It would be further beneficial from PDCCH overhead and from PDCCH monitoring reduction, to support a two-cell DCI format which could schedule those two PDSCH in the same slot by a single PDCCH.  
It has been argued by some companies that PDCCH overhead savings are not available if fields in the two-cell DCI format are doubled. This is not fully true, since already 24bits of CRC check can be saved. Moreover, most of the fields may be present only once in the DCI format which depends on further design. For example, HARQ-ACK related fields such as DAI, K1, PUCCH resource need to be signaled only once. 
Observation 1: Two-cell DCI format reduces overhead by at least 24 CRC bits, and if single DCI field applies to both cells (at least for HARQ-related parameters), further significant PDCCH overhead reduction is expected.
With respect to PDCCH monitoring reduction benefit, the two-cell DCI format would naturally only a non-fall-back format a UE is monitoring when configured, and the DCI fomat 1_0 would remain unmodified. And therefore, UEs monitoring burden can be reduced as UE needs to monitor search-space of only single scheduling cell.  
Observation 2: Two-cell DCI format may reduce UEs monitoring burden as UE needs to monitor search-space set(s) of only single scheduling cell compared to R16, given that design is based on DCI format 1_1.
Other concern of some companies was the specification effort for this feature. As every NR feature, it could be over-optimized or alternatively designed in simple way. The baseline solution would be to determine the fields based on primary of the two-cells and interpret the DCI fields for secondary of the two-cells according BWP switching rules designed in R15. This resulting into possible scheduling restrictions, and some fields could be further optimized. For example, resource allocation related fields could be further optimized or alternatively doubled, which could be studied further before determining which way to go. 
Observation 3: The baseline design would be to determine DCI format fields based on primary of the two-cells and interpret the fields for the secondary of the two-cells as in case of BWP switching R15. Some fields could be further optimized or doubled in the DCI format which is FFS. 
Typical size of DCIs in different scenarios
In RAN1#102, DSS and FR2 CA scenarios were discussed.
DSS
The typical scenario of DSS would be Pcell 15kHz 52RB in 800MHz band and Scell 30 kHz 51 RB (or more) in 3.5GHz band. Assuming TYPE0 RA, for both carrier FDRA requires 13 bits. It is understood that in this scenario, a gNB does not want to perform same scheduling on both carriers, because DSS carrier is used also by LTE UEs and LTE signals, this resulting in 13 extra bits. Similar, may apply to TDRA design (4 extra bits). When it comes to mixed SCS, if DCI is scheduled on Scell with higher SCS (30kHz) to Pcell on low SCS (15kHz), there should not be any issue with full-buffer scheduling. Furthermore, assuming independent HARQ, MCS, RV, NDI, for PCell and SCell 12 extra bits are required. The rest of the fields could be applicable to both, or only one of the cells toggled by one extra bit (1 bit). And finally, Antenna ports can be indicated independently per cell by extra 4bits. Assuming legacy DCI format 1_1 would be 76bits, the double-cell format could be 76+34=110bits. The size could be reduced further by restricting granularity of scheduling, for example.
Observation 4: In DSS a typical DCI size with CRC would be 76 bits for single cell DCI, while for double cell DCI could be around 110bits when allowing for fully flexible allocation of TDRA, FDRA, MCS, HARQ ID, RV, NDI and Antenna ports. 
FR2 CA 4x100MHz
In FR2 the situation is different, there is a single SCS of 120kHz used on all carriers, and carriers may be all 100MHz. For carrier of 100MHz TYPE0 FDRA results in 17bits, and can be the same for all carriers, because no LTE UEs are present. And thanks to same SCS, the gNB may schedule same TDRA, HARQ ID, MCS, RV, Antenna ports. NDI could be per carrier. In addition, 4 bits indicating which cells are scheduled could be included. This resulting in single DCI with CRC of 80bits, and four-cell DCI of 88bits. 
Observation 5: In FR2 CA a typical DCI format 1_1 size with CRC would 80bits, while four-cell DCI format could be around 88bits, when allowing for NDI field and 1-bit scheduling indication per cell.

Simulation results
We have simulated the performance of PDCCH for various payload sizes (with CRC) and with different aggregation levels. Simulation assumptions are listed in Appendix. Figure 1 shows the results.
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Figure 1 PDCCH performance 60,80,100,120 bits for different ALs

Furthermore, we took the SINR distributions for two scenarios discussed in Section 3.
First scenario is 30GHz FR2 urban macro with beamforming ISD 500m and SINR distribution from [R1-1703534]
[image: ]
Figure 2 AL probability in 30Ghz Urban macro scenario with 500m ISD

Second scenario is 2Ghz FR1 urban macro 3D beamforming ISD 500m and SINR distribution from [R1-143469]
[image: ]
Figure 3 AL probability in 2Ghz Urban macro scenario with 500m ISD
 
When analysing results one can draw the following observations. 
Observation 6:
1) A 120 bits (>106bits) PDCCH payload does not fit anymore to 1CCE, this means that for 50-70% users, aggregation level must be doubled. For the AL>2, the 120bit PDCCH payload probability is not anymore significantly increased compared to 80 and 100bit, and could be also compensated by increasing PDCCH TX power.   
2) When comparing 80bit and 100bits PDCCH payload, the AL probability is similar
Based on above observations, we may conclude that multi-cell scheduling DCI size should be kept preferably <106bits (including CRC), which would be typically applicable to intra-band CA deployments with same-sized carriers and many SCells. But putting PDCCH overhead aside, multi-cell DCI still reduces number of blind decodes a UE needs to perform. 
Proposal 1: Support multi-cell DCI in R17, focus on multiple SCell (2 or more) with the same/similar carrier size and SCS first. Strive to keep DCI format 1_1 payload <106bits (including CRC).

Conclusions
In this contribution, we discussed potential solutions to reduce SCell activation delay and SCell dormancy. Based on the discussion, we made the following proposals:
Observation 1: Two-cell DCI format reduces overhead by at least 24 CRC bits, and if single DCI field applies to both cells (at least for HARQ-related parameters), further significant PDCCH overhead reduction is expected.
Observation 2: Two-cell DCI format may reduce UEs monitoring burden as UE needs to monitor search-space set(s) of only single scheduling cell compared to R16, given that design is based on DCI format 1_1.
Observation 3: The baseline design would be to determine DCI format fields based on primary of the two-cells and interpret the fields for the secondary of the two-cells as in case of BWP switching R15. Some fields could be further optimized or doubled in the DCI format which is FFS. 
Observation 4: In DSS a typical DCI size with CRC would be 76 bits for single cell DCI, while for double cell DCI could be around 110bits when allowing for fully flexible allocation of TDRA, FDRA, MCS, HARQ ID, RV, NDI and Antenna ports. 
Observation 5: In FR2 CA a typical DCI format 1_1 size with CRC would 80bits, while four-cell DCI format could be around 88bits, when allowing for NDI field and 1-bit scheduling indication per cell.
Observation 6:
1) A 120 bits (>106bits) PDCCH payload does not fit anymore to 1CCE, this means that for 50-70% users, aggregation level must be doubled. For the AL>2, the 120bit PDCCH payload probability is not anymore significantly increased compared to 80 and 100bit, and could be also compensated by increasing PDCCH TX power.   
2) When comparing 80bit and 100bits PDCCH payload, the AL probability is similar
Proposal 1: Support multi-cell DCI in R17, focus on multiple SCell (2 or more) with the same/similar carrier size and SCS first. Strive to keep DCI format 1_1 payload <106bits (including CRC).
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Appendix
Simulation assumptions for the PDCCH performance curves
	Carrier Frequency
	-

	
	2

	
	48

	CCE-to-REG mapping
	Non-interleaved

	L( REG bundle size)
	6

	R
	 N/A

	n_shift
	 0

	DCI Payload Size (with CRC)
	60,80,100,120

	NumCCE
	1,2,4,8,16

	StartCCE
	0

	Channel Type
	 AWGN

	UE velocity
	 3km/h
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