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During RAN #86 meeting, a new work item on DSS (dynamic spectrum sharing) was approved for Rel-17 [1]. In this WI, two main objectives are included, i.e., SCell-schedule-PCell and one-to-two scheduling. The two objectives are mainly introduced to reduce the PDCCH blockage issue under DSS scenario. During RAN #91-e meeting, companies discussed whether/how to update the WID for this topic but couldn’t reach any consensus. One of the main reasons for not reaching an agreement is that the gain of unidirectional one-to-two scheduling is marginal. Companies mentioned Multi-cell Scheduling for Uplink and One DCI scheduling PDSCH/PUSCH for more than 2 cells as two potential ways forward to increase the performance gain for one-to-two scheduling considering the current gain simulated by companies is limited.
In this contribution, we provide our additional analysis for multi-cell scheduling taking into the comments raised in RAN #91-e meeting, which includes mainly two parts, multi-cell scheduling for uplink and one DCI scheduling PDSCH/PUSCH for more than 2 cells.
Analysis and Simulation for Multi-cell Scheduling for both Uplink and Downlink
During RAN #91-e meeting, companies raised the concern that it may lead to implementation fragmentation if we only specify one-to-two downlink scheduling in Rel-17. In addition, the following two potential ways were mentioned by some companies to increase the performance gain for one-to-two scheduling.
1. Multi-cell scheduling for uplink
2. One DCI scheduling PDSCH/PUSCH for more than 2 cells
Multi-cell scheduling for uplink
In some scenarios where both the uplink throughput and the downlink throughput are very large, such as AR/VR/XR, both uplink and downlink one-to-two scheduling can be applied to reduce PDCCH blocking rate. Compared with unidirectional one-to-two scheduling, this way makes the potential gain of PDCCH blocking rate more considerable.
To compare the performance of only enabling one-to-two downlink scheduling and enabling both uplink and downlink one-to-two scheduling in typical scenarios, the PDCCH blocking rate is evaluated. 
As shown in Fig.1, three cases are simulated, the first one is the legacy DCI case (case 1), the second one is only enabling one-to-two downlink scheduling case (case 2), and the last one is enabling both uplink and downlink one-to-two scheduling case (case 3). For the case 1, two uplink DCIs and two downlink DCIs with normal size (60 bits) are used to schedule PUSCH and PDSCH on two cells, respectively. For the case 2, one bigger size downlink DCI (84bits) is used to schedule PDSCH on two cells and two uplink DCIs with normal size (60 bits) are used to schedule PUSCH on two cells respectively. For the case 3, one bigger size downlink DCI (84bits) is used to schedule PDSCH on two cells and one bigger size uplink DCI (84bits) is used to schedule PUSCH on two cells. The remaining details of simulation assumptions (Table A-1) are listed in the appendix Section 4.1. 
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Fig. 1 Different simulation cases
The simulation results of PDCCH blocking rate are showed in Fig.2 and Table 1. In Table 1, A=a-b and B=a-c, where a is PDCCH blocking rate of case 1, b is PDCCH blocking rate of case 2, and c is PDCCH blocking rate of case 3.
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Fig. 2 PDCCH blocking rate
Table 1 Gain for different simulation cases
	UE number per cell
	Gain A for DL one-scheduling-two
	Gain B for DL one-scheduling-two + UL one-scheduling-two
	B-A

	1
	12.84%
	18.48%
	5.64%

	2
	9.20%
	15.89%
	6.69%

	3
	9.23%
	16.15%
	6.92%

	4
	8.12%
	15.82%
	7.70%

	5
	7.21%
	15.58%
	8.37%

	6
	6.54%
	15.26%
	8.72%

	7
	5.96%
	14.97%
	9.01%

	8
	5.51%
	14.63%
	9.12%

	9
	5.06%
	14.23%
	9.17%

	10
	4.70%
	13.85%
	9.15%

	11
	4.36%
	13.49%
	9.13%

	12
	4.05%
	13.10%
	9.05%

	13
	3.82%
	12.74%
	8.92%

	14
	3.58%
	12.43%
	8.85%

	15
	3.35%
	12.07%
	8.72%

	16
	3.18%
	11.75%
	8.57%

	17
	3.02%
	11.46%
	8.44%

	18
	2.86%
	11.15%
	8.29%

	19
	2.72%
	10.86%
	8.14%

	20
	2.60%
	10.55%
	7.95%


According to the simulation results listed in Table 1, the gain of case 3 is 5.6% ~ 9.1% higher than that of case 2, which proves that the system performance is improved after one-to-two uplink scheduling is introduced. In addition, the gain of case 3 is 10.55%~18.48% compared to that of baseline case. In scenarios with heavy traffic on both uplink and downlink, bidirectional one-to-two scheduling can effectively reduce the blocking rate. 
Observation 1: Compared with one-to-two downlink scheduling, the PDCCH blocking rate for enabling both one-to-two uplink scheduling and one-to-two downlink scheduling can be further reduced by about 5.6% ~ 9.1%. 

One DCI scheduling PDSCH/PUSCH for more than 2 cells
According to the simulation results provided in [2], the PDCCH blockage gain is very limited in most cases, especially in the case where most DCI fields are separately indicated for two carriers. Except enabling both uplink and downlink one-to-two scheduling at the same time, the number of scheduled cells can be extended for more PDCCH blockage gain. To compare the performance of one-to-two scheduling and one-to-more scheduling (such as one-to-three scheduling in our simulation) in typical scenarios, the PDCCH blocking rate is evaluated. 
As shown in Fig.3, three cases are simulated, the first one is the legacy DCI case (case Ⅰ), the second one is one-to-two scheduling case (case Ⅱ), and the last one is one-to-three scheduling case (case Ⅲ). For the case Ⅰ, three DCIs with normal size (60bits) are used to schedule PDSCH/PUSCH on three cells respectively. For the case Ⅱ, one bigger size downlink DCI (84 bits) is used to schedule two PDSCHs/PUSCHs on two cells and one DCI with normal size (60bits) is used to schedule one PDSCH/PUSCH on one cell. For the case Ⅲ, one bigger size DCI (108bits) is used to schedule PDSCH on three cells. The remaining details of simulation assumptions (Table A-1) are listed in the appendix Section 4.1.
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Fig. 3 Different simulation cases
The simulation results of blocking rate are showed in Fig.4 and Table 2. In Table 2, C=d-e and D=d-f, where d is the blocking rate of baseline case, e is the blocking rate of case Ⅱ, and f is the blocking rate of case Ⅲ.
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Fig. 4 PDCCH blocking rate
Table 2 Gain for different simulation cases
	UE number per cell
	Gain C for one-scheduling-two
	Gain D for one-scheduling-three
	D-C

	1
	3.23%
	4.42%
	1.19%

	2
	4.23%
	9.40%
	5.17%

	3
	3.88%
	10.78%
	6.90%

	4
	4.20%
	12.28%
	8.08%

	5
	4.36%
	13.23%
	8.87%

	6
	4.41%
	13.89%
	9.48%

	7
	4.49%
	14.24%
	9.75%

	8
	4.53%
	14.47%
	9.94%

	9
	4.50%
	14.61%
	10.11%

	10
	4.44%
	14.63%
	10.19%

	11
	4.38%
	14.58%
	10.20%

	12
	4.29%
	14.46%
	10.17%

	13
	4.25%
	14.36%
	10.11%

	14
	4.16%
	14.10%
	9.94%

	15
	4.14%
	13.91%
	9.77%

	16
	4.00%
	13.69%
	9.69%

	17
	3.93%
	13.44%
	9.51%

	18
	3.86%
	13.17%
	9.31%

	19
	3.77%
	12.92%
	9.15%

	20
	3.70%
	12.65%
	8.95%


According to the simulation results listed in Table 2, the gain of case Ⅲ is 1.19%~10.20% compared with case Ⅱ. Extending the number of joint scheduling cells can further enhance uplink or downlink transmission performance. It can be predicted that the scenario where both uplink and downlink CA are enabled has a greater gain. However, sharing more CCs with one DCI means that the scheduling for more CCs are restricted. Therefore, the scheduling flexibility and the number of extended CCs should be balanced.
Observation 2: The PDCCH blocking rate of joint scheduling can be further reduced by 1.19%~10.20% after extending the number of joint scheduled cells to 3.

Conclusion
In this contribution, analysis and simulation for multi-cell scheduling for both uplink and downlink are presented with the following observations. 
Observation 1: Compared with one-to-two downlink scheduling, the PDCCH blocking rate for enabling both one-to-two uplink scheduling and one-to-two downlink scheduling can be further reduced by about 5.6% ~ 9.1%. 
Observation 2: The PDCCH blocking rate of joint scheduling can be further reduced by 1.19%~10.20% after extending the number of joint scheduled cells to 3.
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Appendix Simulation assumptions
LLS and SLS assumption
Table A-1 PDCCH blocking rate simulation assumptions
	Parameters
	Value

	DCI payload (excluding 24 bits CRC)
	Legacy DCI: 60 bits, 
One-to-two scheduling DCI: 72, 84, 96 and 108 bits
One-to-three scheduling DCI: 108 bits

	System bandwidth
	PCell 10/20MHz + SCell 20/100MHz

	Carrier Frequency
	Inter-band CA (700MHz + 4GHz)
Intra-band CA (2GHz)

	SCS
	15 kHz for 700MHz/2GHz
30 kHz for 4GHz

	UE speed
	3 km/h

	Number of UE antennas
	2 Rx

	Number of symbols for CORESET
	2 for 2GHz, 3 for 700MHz

	Transmission type
	Interleaved(R=3 for 3OS,others,R=2)

	REG bundling size
	6

	Modulation 
	QPSK

	Channel coding
	Polar code (DCI)

	Transmission scheme
	1-port precoder cycling

	Channel model
	TDL-C (delay spread: 300ns) 

	Channel estimation
	Practical

	Receiver type
	MMSE

	Note: CORESET size is 24 CCEs for 700M and 32 CCEs for 2G, and number of candidates for AL=1, 2, 4, 8, 16 CCEs are configured as 6, 4, 2, 2, 1. 
Note: 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.




Geometry
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Fig.A-1. CDF of SNR for PDCCH in Urban scenario (2GHz)
PDCCH LLS results
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Fig.A-2. Link level simulation results (2GHz)
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