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1   Introduction
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-scheduling-PCell and one-to-two scheduling. The two objectives are mainly introduced to reduce the PDCCH blockage issue under DSS scenario. 

	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

· 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


During RAN1 #104-e meeting, evaluation results of one-to-two scheduling provided by companies were taken as RAN1 observation [2]. In this contribution, we provide our further analysis for these evaluation results and the motivation of one-to-two scheduling.
2   Discussion
Evaluation results analysis
In RAN1 #104-e meetings, evaluation results of one-to-two scheduling were captured in [3]. Essentially, PDCCH blocking probability and PDSCH throughput were selected as the performance metrics for simulation. In this section, our further analysis for evaluation results from companies are presented.

Due to the limited time, RAN1 didn’t discuss the simulation assumptions thoroughly. Only some of the basic simulation assumptions were aligned and most of the other simulation assumptions were left for companies to report or were provided as different alternatives for companies to choose. For simulation of PDCCH blocking probability, 72, 84, 96 and 108 bits were defined as typical DCI size in RAN1 #103-e meeting for one-to-two scheduling DCI and the baseline DCI size for legacy scheduling is 60 bits. Different combinations refer to different simulation assumptions that can be found in [3]. For the number of UEs, 5, 10, 15 and 20 were agreed as alternatives for companies to choose. In Fig.1 – Fig.4, the average gain of each combination based on the simulation results from companies are summarized for further analysis, and the detailed summarization is captured in Table A-1 in Appendix.
Overall, the maximum average gain of PDCCH blocking probability is about 23.5%, 29.9%, 21.4% and 32.7% for combination 1, 2, 3 and 4, respectively. The maximum average gain in all cases is achieved by the assumption of DCI size 72 bits and 100% CA UEs in the system. It is obvious that more DCI fields have to be shared between PCell and SCell with a smaller DCI size. It is questionable to have one DCI with 72 bits to schedule two PDSCHs on two different carriers considering that only 12 additional bits are reserved for indicating separate DCI fields. 12 bits are even not sufficient for separate TDRA and FDRA indication in most cases. As we can see from Fig.1- Fig.4, it can be confirmed that with the increase of DCI size, the gain of PDCCH blocking probability will gradually decrease. Especially when the number of bits is 108, the minimum average gain has been reduced to 7.2%, 2.2%, 4.9% and 1.5% for combination 1, 2, 3 and 4, respectively. Furthermore, in the practical network, the number of CA UEs is pretty small. With a small ratio of CA UEs, the gain of PDCCH blocking probability may be much smaller. This is also confirmed by the simulation results from [4]. Its results show that compared with the 100% CA UEs per cell, the average gain of PDCCH blocking probability is reduced by 5.3~10.8%, 3.5~4.3%, 4.8~10.4% and 8.1~12.1% respectively for combination 1, 2, 3 and 4, respectively, when the percentage of CA UEs per cell is 50%. Meanwhile, the gain will be further reduced if different SCS is used by PCell and SCell as proved in [5]. 

In order to ensure the system performance, the absolute blocking probability is always limited to a small working threshold in the practical network, such as 10~20%. Currently, according to the simulation results captured in [3], a large part of the PDCCH blocking probabilities are larger than 30%, some of them are even larger than 50%, which is obviously unrealistic in the practical network. If some of the unrealistic results are removed, the gain may be further reduced. Some more careful simulations are desirable to achieve the realistic simulation results.
[image: image1.emf]16.0%

14.1%

12.8%

9.6%

23.5%

18.8%

14.9%

10.6%

19.7%

15.4%

11.6%

9.0%

16.6%

12.6%

9.4%

7.2%

0.0%

5.0%

10.0%

15.0%

20.0%

25.0%

72 bits

84 bits

96 bits

108 bits

5UEs

10UEs

15UEs

20UEs


Fig 1. Average Gain of Combination 1
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Fig 2. Average Gain of Combination 2
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Fig 3. Average Gain of Combination 3
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Fig 4. Average Gain of Combination 4
Observation 1: Based on RAN1’s simulation results, the average gain of PDCCH blocking probability for one-to-two scheduling DCI is 7.2~23.5%, 1.8~29.9%, 4.9~21.4% and 1.5~32.7% for combination 1, 2, 3 and 4 respectively. The gain will be much smaller in practical network considering the following,

· Number/Ratio of CA UEs in practical network is very small

· Different SCS may be used for PCell and SCell

· Working threshold of PDCCH blocking probability is not considered in the current simulation 

Regarding PDSCH throughput simulation, 4 companies [5, 6, 7, 8] provided simulation results and 2 companies [9, 10] provided theoretical analysis. For PDSCH throughput simulation with full buffer traffic mode, [6] and [7] have shown more than 3% gain in most simulation scenarios, while [5], [8], [9] and [10] offer less than 3% gain in most simulation scenarios. According to the assumptions made by [6] and [7], the throughput gain mainly comes from two aspects: 1) The CCE resources saved by PDCCH are reused by PDSCH [6]; 2) The capacity of PDCCH is increased [6]. However, it is questionable whether PDSCH can reuse the unused CCE resources since the unused CCE resources are dynamically changing and the rate-matching pattern is semi-statically configured. It is true that the capacity of PDCCH can be increased, which may increase the PDSCH throughput as well. However, shared indication in one-to-two scheduling DCI will impact PDSCH throughput especially when the DCI size is small (e.g., 72 bits, 84 bits), due to the restricted allocation of time and frequency domain resources. Furthermore, considering that the number/ratio of CA UEs in practical network is very small, the gain of PDSCH throughput will be much smaller. 

Observation 2: Based on RAN1’s simulation/analysis results for full buffer traffic model, 4 out of 6 companies showed less than 3% gain. The gain will be much smaller in practical network considering the following,

· Smaller DCI size with more shared indication for PCell and SCell

· Number/Ratio of CA UEs in practical network is very small

· PDSCH is difficult/impossible to reuse the unused CCE resources

Motivation analysis
The ultimate purpose of one-to-two scheduling is to increase the PDCCH capacity on DSS carrier. However, currently, RAN1 has identified Scell-scheduling-PCell in DSS WI and Multi-TTI scheduling for PDSCH in NR_ext_to_71GHz WI for the same purpose. 

In case of DSS, the shared cell is most likely to be configured as PCell. To mitigate the PDCCH resource constraint in PCell, cross-carrier scheduling can be considered to move the PDCCH in one cell to another cell. However, in Rel-15/16, SCell cross-carrier schedules PCell is not allowed. Thus, SCell cross-carrier schedules PCell has been approved as one solution in this WI to resolve the PDCCH constraint issue on PCell. With this, network can ensure sufficient scheduling capacity for NR UEs in shared carriers.
Some companies may further comment that the total PDCCH overhead is not reduced and only moved to another cell with support of Scell-scheduling-PCell, using one-to-two scheduling will definitely reduce the PDCCH overhead.  However, it has been agreed to introduce “support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI” for NR_ext_to_71GHz. Multi-PDSCH scheduling with a single DCI can also be applied for the DSS scenario, which can also improve the PDCCH capability and is more effective/easier than one-to-two scheduling for PDCCH overhead reduction. From this perspective, since multi-TTI scheduling is in place, the motivation of one DCI scheduling two PDSCHs on two carriers is not clear.

Observation 3: With Scell-scheduling-PCell and Multi-TTI scheduling for PDSCH already approved in WIs, the motivation of introduction of one DCI scheduling two PDSCHs on two carriers is not clear.

Based on the above analysis, we have the following proposal.

Proposal 1: One DCI scheduling two PDSCHs on two carriers is NOT introduced in Rel-17 due to the questionable PDCCH/PDSCH gain and unclear motivation.
3   Conclusion
According to the discussion above, the following observations and proposal are presented:
Observation 1: Based on RAN1’s simulation results, the average gain of PDCCH blocking probability for one-to-two scheduling DCI is 7.2~23.5%, 1.8~29.9%, 4.9~21.4% and 1.5~32.7% for combination 1, 2, 3 and 4, respectively. The gain will be much smaller in practical network considering the following,

· Number/Ratio of CA UEs in practical network is very small

· Different SCS may be used for PCell and SCell

· Working threshold of PDCCH blocking probability is not considered in the current simulation 

Observation 2: Based on RAN1’s simulation/analysis results for full buffer traffic model, 4 out of 6 companies showed less than 3% gain. The gain will be much smaller in practical network considering the following,

· Smaller DCI size with more shared indication for PCell and SCell

· Number/Ratio of CA UEs in practical network is very small

· PDSCH is difficult/impossible to reuse the unused CCE resources

Observation 3: With Scell-scheduling-PCell and Multi-TTI scheduling for PDSCH already approved in WIs, the motivation of introduction of one DCI scheduling two PDSCHs on two carriers is not clear.

Proposal 1: One DCI scheduling two PDSCHs on two carriers is NOT introduced in Rel-17 due to the questionable PDCCH/PDSCH gain and unclear motivation.
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Appendix

Simulation results of PDCCH blocking probability [3] is summarized in Table A-1.
Table A-1 PDCCH blocking probability with 100% CA UEs per cell
	Combination
	Bits
	Average Gain for 5UEs
	Gain for 5UEs per cell
	Average Gain for 10UEs
	Gain for 10UEs per cell
	Average Gain for 15UEs
	Gain for 15UEs per cell
	Average Gain for 20UEs
	Gain for 20UEs per cell

	Combination 1: 2 GHz, 15 kHz SCS, 2 Tx, 2 Rx, 20 MHz carrier BW, 2-symbol CORESET with 96RBs
	72
	16.0%
	8.6%[5], 26.1%[6], 4.8%[10], 13.5%[11], 22.0%[12], 21.1%[13]
	23.5%
	27.3%[4], 10.9%[5], 31.5%[6], 16.8%[8], 15.7%[10], 28.6%[11], 32.0%[12], 25.0%[13]
	19.7%
	11.3%[5], 22.2%[6], 16.9%[8],  27.0%[11], 21.3%[12]
	16.6%
	11.2%[5], 16.5%[6], 16.7%[8],  22.6%[11], 16.0%[12]

	
	84
	14.1%
	7.2%[5], 21.0%[6], 4.5%[10], 10.9%[11], 22.0%[12], 18.8%[13]
	18.8%
	22.7%[4], 8.7%[5], 19.5%[6], 13.4%[8], 13.9%[10], 23.5%[11],  29.0%[12], 20.0%[13]
	15.4%
	8.7%[5], 13.3%[6], 13.5%[8], 22.2%[11], 19.3%[12]
	12.6%
	8.3%[5], 9.9%[6], 13.2%[8], 17.3%[11], 14.5%[12]

	
	96
	12.8%
	6.0%[5], 18.3%[6], 4.2%[10], 9.3%[11], 22.0%[12], 16.9%[13]
	14.9%
	18.4%[4], 6.5%[5], 14.9%[6], 11.1%[8], 10.0%[10], 18.9%[11], 24.0%[12], 15.6%[13]
	11.6%
	6.0%[5], 9.8%[6], 10.8%[8], 15.7%[11], 16.0%[12]
	9.4%
	5.1%[5], 7.4%[6], 10.1%[8], 12.5%[11], 12.0%[12]

	
	108
	9.6%
	5.3%[5], 15.2%[6], -3.0%[9], 3.7%[10], 9.3%[11], 22.0%[12], 14.6%[13]
	10.6%
	14.9%[4], 5.4%[5], 11.4%[6], 8.6%[8], 1%[9], 8.8%[10], 17.8%[11], 15.0%[12], 13.0%[13]
	9.0%
	4.8%[5], 7.6%[6], 8.8%[8], 13.7%[11], 10.0%[12]
	7.2%
	4.0%[5], 5.6%[6], 8.2%[8], 10.8%[11], 7.5%[12]

	Combination 2: 4 GHz, 30 kHz SCS, 4 Tx, 4 Rx, 100 MHz carrier BW, 1-symbol CORESET with 270RBs
	72
	1.8%
	0.8%[6], 0.0%[10], 2.1%[11], 6.2%[13], 0.1%[14]
	8.6%
	6.4%[4], 8.9%[6], 11.2%[8], 0.4%[10], 5.7%[11], 23.7%[13], 4.2%[14]
	19.2%
	30.0%[6], 15.1%[8], 12.3%[11], 24.7%[12], 13.9%[14]
	29.9%
	41.2%[6], 18.3%[8], 24.6%[11], 43.5%[12],   21.9%[14]  

	
	84
	2.2%
	0.8%[6], 0.0%[10], 2.1%[11], 6.0%[13]
	8.7%
	6.1%[4], 8.6%[6], 9.9%[8], 0.4%[10], 5.6%[11], 21.5%[13]
	18.9%
	26.1%[6], 13.2%[8], 11.7%[11], 24.7%[12]
	25.8%
	29.3%[6],   15.6%[8], 20.9%[11], 37.5%[12], 

	
	96
	1.8%
	0.8%[6], 0.0%[10], 2.1%[11], 5.9%[13], 0.1%[14]
	7.0%
	5.4%[4], 7.9%[6], 7.8%[8], 0.4%[10], 5.0%[11], 19.2%[13], 3.1%[14]
	14.7%
	19.6%[6], 9.8%[8], 11.4%[11], 24.7%[12], 8.1%[14]
	15.4%
	17.3%[6], 10.7%[8], 20.1%[11], 21.0%[12],  8.0%[14] 

	
	108
	2.2%
	0.8%[6], negative[9], 0.0%[10], 2.1%[11], 5.8%[13]
	3.9%
	5.1%[4], 7.2%[6], 5.2%[8], -12%[9], 0.2%[10], 3.8%[11], 17.8%[13]
	13.0%
	15.9%[6], 7.0%[8], 7.5%[11], 21.3%[12]
	10.9%
	13.3%[6], 8.1%[8], 6.4%[11], 16.0%[12] 

	[Combination 3: 700MHz, 15 kHz SCS, 2 Tx, 2 Rx, 10 MHz carrier BW, 3-symbol CORESET with 48RBs]
	72
	21.0%
	14.7%[5], 24.2%[6], 12.8%[10], 34.0%[12], 19.5%[13]
	21.4%
	28.5%[4], 12.9%[5], 31.5%[6], 17.1%[8], 18.8%[10], 24.0%[12], 17.2%[13]
	16.1%
	11.2%[5], 22.1%[6], 15.1%[8], 16.0%[12]
	12.9%
	9.8%[5], 16.4%[6], 13.5%[8], 12.0%[12]

	
	84
	18.1%
	11.7%[5], 17.6%[6], 11.5%[10], 34.0%[12], 15.7%[13]
	16.6%
	24.1%[4], 10.1%[5], 17.3%[6], 14.5%[8], 16.3%[10], 22.0%[12], 11.9%[13]
	12.0%
	8.7%[5], 11.5%[6], 13.0%[8], 14.7%[12]
	9.6%
	7.6%[5], 8.7%[6], 11.3%[8], 11.0%[12]

	
	96
	15.5%
	7.9%[5], 12.9%[6], 9.5%[10], 34.0%[12], 13.1%[13]
	12.4%
	18.2%[4], 6.6%[5], 10.5%[6], 11.7%[8], 11.3%[10], 19.0%[12], 9.6%[13]
	8.8%
	5.4%[5], 7.1%[6], 10.2%[8], 12.7%[12]
	6.9%
	4.7%[5], 5.2%[6], 8.4%[8], 9.5%[12]

	
	108
	11.6%
	6.1%[5], 9.1%[6], 8.6%[10], 24.0%[12], 10.2%[13]
	9.3%
	15.6%[4], 5.1%[5], 7.0%[6], 9.1%[8], 9.5%[10], 12.0%[12], 6.9%[13]
	6.2%
	4.2%[5], 4.7%[6], 7.9%[8], 8.0%[12]
	4.9%
	3.6%[5], 3.5%[6], 6.5%[8], 6.0%[12]

	[Combination 4: 4GHz, 30 kHz SCS, 4 Tx, 4 Rx, 40 MHz carrier BW, 2-symbol CORESET with 96RBs]
	72
	1.7%
	2.9%[6], 0.6%[10]
	15.3%
	20.7%[4], 21.9%[6], 13.1%[8], 5.0%[10], 16.0%[12]
	32.7%
	 39.3%[6], 18.2%[8], 40.7%[12]
	29.0%
	36.0%[6], 20.5%[8], 30.5%[12]

	
	84
	1.7%
	2.8%[6], 0.6%[10] 
	14.1%
	19.3%[4], 19.2%[6], 11.3%[8], 4.9%[10], 16.0%[12]
	23.0%
	28.0%[6], 15.1%[8], 26.0%[12]
	19.6%
	 22.3%[6], 17.1%[8], 19.5%[12]

	
	96
	1.5%
	2.7%[6], 0.4%[10]
	11.6%
	15.5%[4], 15.5%[6], 8.6%[8], 2.6%[10], 16.0%[12]
	14.7%
	16.2%[6], 10.4%[8], 17.3%[12]
	11.7%
	12.1%[6], 10.1%[8], 13.0%[12]

	
	108
	1.5%
	2.6%[6], 0.4%[10]
	9.5%
	14.0%[4], 12.9%[6], 2.4%[8], 2.5%[10], 16.0%[12]
	10.8%
	12.8%[6], 4.9%[8], 14.7%[12]
	8.7%
	9.6%[6], 5.7%[8], 11.0%[12]




