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[bookmark: _Ref521334010]Introduction
At RAN1#104 e-meeting, the discussion on multi-cell PDSCH scheduling via a single DCI focused on the scenarios and simulation assumptions. The following agreements were achieved:
	Agreement 
· 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 with the following revision for the note:
· [bookmark: _Hlk63407919]Note: Combinations 1 and 2 were agreed for evaluation. Some companies provided evaluation results for Combinations 3 and 4. 

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




In this contribution, we provide detail simulation results for multi-cell PDSCH scheduling via a single DCI. 
Discussion
It is well-known DSS provides a useful migration from LTE to NR by allowing LTE and NR to share the same carrier. However, considering the numerous NR devices in a network, it is important to develop a sufficient scheduling scheme to increase both the scheduling capacity and spectrum efficiency on the shared carriers. 
In order to provide further insights on PDCCH blocking issue, we give the analyses on PDCCH blockage with different DCI payload sizes and different UE numbers on top of LLS. We assume the payload size of a DCI which schedules two serving cells is 60 bits, 72 bits, 84 bits, 96 bits and 108 bits respectively. Furthermore, the percentage of DSS-UEs in the network is 0% (as baseline, assuming all UEs are normal and scheduled on two serving cells with two DCIs, wherein the DCI payload size is 60 bits), 25%, 50%, 75%, 100%. On top of the aforementioned assumptions, we provide simulation results in different scenarios in order to assess the benefits harvest from single-DCI scheduling multi-cells. The simulated scenarios are shown as below. The detailed link level simulation assumptions can be found in the appendix. 
· Scenario 1: 2 GHz, 15 kHz SCS, 2 Tx, 2 Rx, 20 MHz carrier BW, 2-symbol CORESET with 96 RBs
· Scenario 2: 4 GHz, 30 kHz SCS, 4 Tx, 4 Rx, 100 MHz carrier BW, 1-symbol CORESET with 270RBs
· Scenario 3: 700 MHz, 15 kHz SCS, 2 Tx, 2 Rx, 10 MHz carrier BW, 3-symbol CORESET with 48RBs
· Scenario 4: 4 GHz, 30 kHz SCS, 4 Tx, 4 Rx, 40 MHz carrier BW, 2-symbol CORESET with 96 RBs

The average number of CCEs for a PDCCH candidate for each scenario is shown in Table 1 - Table 4 respectively. It can be obtained with the following procedure with the evaluation results from LLS and SLS.
· Step 1: Obtain the mapping between aggregation levels and SNR ranges. It comes from the link level simulation. The detailed simulation results can be found in the appendix.
· Step 2: Obtain the distribution of aggregation level for different DCI payload sizes, i.e. the percentage of each configured aggregation level. The distribution is determined by the geometry curves coming from system level simulation.
· Step 3: Calculate the average number of CCEs for a PDCCH candidate according to the aggregation level distribution, e.g.   .  is the percentage of the PDCCH candidate with certain aggregation level.

[bookmark: _Ref71634912][bookmark: _Ref71634899]Table 1: The average number of CCEs for a PDCCH candidate in scenario 1
	DCI payload size
	84 bits including CRC
	96 bits including CRC
	108 bits including CRC
	120 bits including CRC
	132 bits including CRC

	Required number of CCEs
	4.1
	4.5
	4.7
	5.1
	5.9



Table 2: The average number of CCEs for a PDCCH candidate in scenario 2
	DCI payload size
	84 bits including CRC
	96 bits including CRC
	108bits including CRC
	120 bits including CRC
	132 bits including CRC

	Required number of CCEs
	2
	2.2
	2.4
	2.9
	3.1



Table 3: The average number of CCEs for a PDCCH candidate in scenario 3
	DCI payload size
	84 bits including CRC
	96 bits including CRC
	108bits including CRC
	120 bits including CRC
	132 bits including CRC

	Required number of CCEs
	3.6
	4.2
	4.3
	4.6
	5.3



[bookmark: _Ref71634931]Table 4: The average number of CCEs for a PDCCH candidate in scenario 4
	DCI payload size
	84 bits including CRC
	96 bits including CRC
	108bits including CRC
	120 bits including CRC
	132 bits including CRC

	Required number of CCEs
	1.9
	2.2
	2.6
	2.9
	3



On top of the above assumptions, we assume all the UEs are scheduled on two cells via different scheduling mechanisms, i.e. with two separate DCIs or with a single DCI. Furthermore, the number of DSS-UE is diverse in order to provide more practical analyses on the PDCCH capacity. 20 MHz, 100 MHz and 10 MHz bandwidths with a CORESET occupying the whole bandwidth are assumed in the evaluation for scenario 1- scenario 4 respectively. The supported number of UEs with different DSS-DCI payload sizes and different DSS-UE ratios are provided in Table 5 - Table 8. In addition, the PDCCH capacity compared to the baseline is shown in Figure 1 - Figure 4 as well, wherein the baseline is all the UEs are legacy UEs and scheduled on two carriers with two DCIs. More detail simulation assumptions are attached in the appendix.

[bookmark: _Ref71634958]Table 5: The supported number of UEs in scenario 1
	Payload size with CRC
	PDCCH capacity(supported UEs) with different DSS-UE ratios in the system

	
	0%
	25%
	50%
	75%
	100%

	84 bits
	3.9
	4.5
	5.2
	6.2
	7.8

	96 bits
	
	4.4
	5
	5.9
	7.1

	108 bits
	
	4.4
	5
	5.7
	6.8

	120 bits
	-
	4.3
	4.8
	5.4
	6.3

	132 bits
	
	4.2
	4.5
	4.9
	5.4




[bookmark: _Ref71634996]Figure 1: Improvement on PDCCH capacity with introducing DSS-DCI in scenario 1

Table 6: The supported number of UEs in scenario 2
	Payload size with CRC
	PDCCH capacity(supported UEs) with different DSS-UE ratios in the system

	
	0%
	25%
	50%
	75%
	100%

	84 bits
	11.3
	12.9
	15
	18
	22.5

	96 bits
	-
	12.7
	14.5
	17
	20.5

	108 bits
	-
	12.4
	13.8
	15.7
	18.8

	120 bits
	-
	12.1
	13
	14.2
	15.5

	132 bits
	-
	11.9
	12.7
	13.5
	14.5





Figure 2: Improvement on PDCCH capacity with introducing DSS-DCI in scenario 2

Table 7: The supported number of UEs in scenario 3
	Payload size with CRC
	PDCCH capacity(supported UEs) with different DSS-UE ratios in the system

	
	0%
	25%
	50%
	75%
	100%

	84 bits
	3.3
	3.8
	4.4
	5.3
	6.6

	96 bits
	-
	3.7
	4.2
	4.8
	5.7

	108 bits
	-
	3.7
	4.1
	4.7
	5.5

	120 bits
	-
	3.6
	4.0
	4.5
	5.2

	132 bits
	-
	3.5
	3.8
	4.1
	4.5





Figure 3: Improvement on PDCCH capacity with introducing DSS-DCI in scenario 3

[bookmark: _Ref71634965]Table 8: The supported number of UEs in scenario 4
	Payload size with CRC
	PDCCH capacity(supported UEs) with different DSS-UE ratios in the system

	
	0%
	25%
	50%
	75%
	100%

	84 bits
	8.4
	9.6
	11.2
	13.4
	16.8

	96 bits
	-
	9.4
	10.6
	12.3
	14.5

	108 bits
	-
	9.1
	10.0
	11.0
	12.3

	120 bits
	-
	8.9
	9.5
	10.2
	11.0

	132 bits
	-
	8.9
	9.4
	10.0
	10.6





[bookmark: _Ref71635004]Figure 4: Improvement on PDCCH capacity with introducing DSS-DCI in scenario 4

Based on the results in Figure 1 - Figure 4 and Table 5 - Table 8, we can have the following observations:
· Multi-cell scheduling via a single DCI can significantly increase the PDCCH capacity. In the other words, possibility of PDCCH blocking is reduced remarkably.
· The benefits harvested from DSS-DCI in terms of PDCCH capacity increases as the ratio of DSS-UE goes up.
· The benefits harvested from DSS-DCI in terms of PDCCH capacity is impacted on the DCI design, i.e. the smaller size the DSS-DCI has, the more significant benefit can be got.
· Even the size of the DSS-DCI is doubled compared to the legacy-DCI, PDCCH capacity can still be enhanced. The improvement comes from:
· The 24 bits CRC can be saved.
· Even the payload is doubled, the requirement on large aggregation level such as 8 and 16 still keeps a low level.
Observation 1: Multi-cell scheduling via a single DCI can significantly increase the PDCCH capacity. In the other words, possibility of PDCCH blocking is reduced remarkably.
Observation 2: The benefits harvested from DSS-DCI in terms of PDCCH capacity is impacted on the DCI design, i.e. the smaller size the DSS-DCI has, the more significant benefit can be got.
Conclusion
This contribution discusses the relevant issues associated with multi-cell PDSCH scheduling. We have the following observations:
Observation 1: Multi-cell scheduling via a single DCI can significantly increase the PDCCH capacity. In the other words, possibility of PDCCH blocking is reduced remarkably.

Observation 2: The benefits harvested from DSS-DCI in terms of PDCCH capacity is impacted on the DCI design, i.e. the smaller size the DSS-DCI has, the more significant benefit can be got.
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Appendix
Link level simulations
[bookmark: _Ref1030736]Table 9: PDCCH Link-level simulation assumptions for scenario 1
	Parameter
	Values

	Frequency band
	2 GHz

	SCS
	15 kHz

	Channel model
	TDL-C

	Delay Spread
	300

	UE speed
	3 km/h

	Antenna configuration at BS
	2T

	Antenna configuration at UE
	2R

	CORESET duration 
	2

	CORESET RBs
	96

	Aggregation level
	1/2/4/8/16

	CCE-to-REG mapping
	interleaved

	Interleaver size
	2

	REG bundle size
	6

	DCI size(excluding CRC)
	60/72/84/96/108 bit

	Tx Diversity
	One port precoder cycling


Table 10: PDCCH Link-level simulation assumptions for scenario 2
	Parameter
	Values

	Frequency band
	4 GHz

	SCS
	30 kHz

	Channel model
	TDL-C

	Delay Spread
	300

	UE speed
	3 km/h

	Antenna configuration at BS
	4T

	Antenna configuration at UE
	4R

	CORESET duration 
	1

	CORESET RBs
	275

	Aggregation level
	1/2/4/8/16

	CCE-to-REG mapping
	interleaved

	Interleaver size
	2

	REG bundle size
	6

	DCI size(excluding CRC)
	60/72/84/96/108 bit

	Tx Diversity
	One port precoder cycling



Table 11: PDCCH Link-level simulation assumptions for scenario 3
	Parameter
	Values

	Frequency band
	700 MHz

	SCS
	15 kHz

	Channel model
	TDL-C

	Delay Spread
	300

	UE speed
	3 km/h

	Antenna configuration at BS
	2T

	Antenna configuration at UE
	2R

	CORESET duration 
	3

	CORESET RBs
	48

	Aggregation level
	1/2/4/8/16

	CCE-to-REG mapping
	interleaved

	Interleaver size
	2

	REG bundle size
	6

	DCI size(excluding CRC)
	60/72/84/96/108 bit

	Tx Diversity
	One port precoder cycling



Table 12: PDCCH Link-level simulation assumptions for scenario 4
	Parameter
	Values

	Frequency band
	4 GHz

	SCS
	30 kHz

	Channel model
	TDL-C

	Delay Spread
	300

	UE speed
	3 km/h

	Antenna configuration at BS
	4T

	Antenna configuration at UE
	4R

	CORESET duration 
	2

	CORESET RBs
	96

	Aggregation level
	1/2/4/8/16

	CCE-to-REG mapping
	interleaved

	Interleaver size
	2

	REG bundle size
	6

	DCI size(excluding CRC)
	60/72/84/96/108 bit

	Tx Diversity
	One port precoder cycling



Link level simulation results

Table 13: The SNR at 1% BLER for different DCI payload sizes in scenario 1
	Payload size (with 24bits CRC)
	AL16
	AL8
	AL4
	AL2
	AL1

	
	Req. SNR [dB]
	Req. SNR [dB]
	Req. SNR [dB]
	Req. SNR [dB]
	Req. SNR [dB]

	84 bits
	-7.84
	-4.63
	-0.96
	4.33
	12.04

	96 bits
	-7.21
	-4.26
	-0.13
	5.51
	14.05

	108 bits
	-6.92
	-3.76
	0.22
	6.38
	18.92

	120 bits
	-6.44
	-3.27
	1.02
	7.33
	-

	132 bits
	-6.09
	-2.84
	1.59
	7.99
	-



Table 14: The distribution of aggregation level for different DCI payload sizes in scenario 1
	Payload size with CRC
	AL16
	AL8
	AL4
	AL2
	AL1

	
	Ratio
	Ratio
	Ratio
	Ratio
	Ratio

	84 bits
	0.3%
	23.6%
	37.5%
	25.1%
	13.5%

	96 bits
	0.4%
	30.3%
	35.8%
	24.1%
	10.4%

	108 bits
	0.6%
	32.2%
	36.5%
	26%
	4.7%

	120 bits
	0.8%
	39%
	33.7%
	26.5%
	-

	132 bits
	10.1%
	33.2%
	29.9%
	23.7%
	-



Table 15: The SNR at 1% BLER for different DCI payload sizes in scenario 2
	Payload size (with 24bits CRC)
	AL16
	AL8
	AL4
	AL2
	AL1

	
	Req. SNR [dB]
	Req. SNR [dB]
	Req. SNR [dB]
	Req. SNR [dB]
	Req. SNR [dB]

	84 bits
	-8.84
	-7.09
	-3.99
	-0.47
	5.22

	96 bits
	-8.61
	-6.74
	-3.67
	0.5
	6.82

	108 bits
	-8.33
	-6.34
	-3.11
	1.0
	7.36

	120 bits
	-7.94
	-5.9
	-2.7
	1.69
	-

	132 bits
	-7.8
	-5.76
	-2.07
	2.28
	-



Table 16: The distribution of aggregation level for different DCI payload sizes in scenario 2
	Payload size with CRC
	AL16
	AL8
	AL4
	AL2
	AL1

	
	Ratio
	Ratio
	Ratio
	Ratio
	Ratio

	84 bits
	-
	2.3%
	14%
	37%
	46.7%

	96 bits
	-
	3.2%
	20.3%
	35.8%
	40.4%

	108 bits
	0.2%
	4.4%
	23.1%
	33.5%
	38.8%

	120 bits
	0.2%
	5.8%
	27.3%
	66.7%
	-

	132 bits
	0.2%
	8.2%
	28.6%
	63%
	-



Table 17: The SNR at 1% BLER for different DCI payload sizes in scenario 3
	Payload size (with 24bits CRC)
	AL16
	AL8
	AL4
	AL2
	AL1

	
	Req. SNR [dB]
	Req. SNR [dB]
	Req. SNR [dB]
	Req. SNR [dB]
	Req. SNR [dB]

	84 bits
	-7.2
	-5.5
	-2.3
	3.3
	11.5

	96 bits
	-7.6
	-5.0
	-1.7
	4.7
	13.3

	108 bits
	-6.7
	-4.4
	-1.3
	5.4
	17.8

	120 bits
	-6.1
	-3.9
	-1.3
	6.4
	-

	132 bits
	-5.7
	-3.6
	0.1
	7.9
	-



Table 18: The distribution of aggregation level for different DCI payload sizes in scenario 3
	Payload size with CRC
	AL16
	AL8
	AL4
	AL2
	AL1

	
	Ratio
	Ratio
	Ratio
	Ratio
	Ratio

	84 bits
	1%
	13%
	42%
	30%
	14%

	96 bits
	2%
	19%
	42%
	26%
	11%

	108 bits
	3%
	18%
	45%
	28%
	6%

	120 bits
	5%
	16%
	49%
	30%
	-

	132 bits
	7%
	24%
	44%
	25%
	-



Table 19: The SNR at 1% BLER for different DCI payload sizes in scenario 4
	Payload size (with 24bits CRC)
	AL16
	AL8
	AL4
	AL2
	AL1

	
	Req. SNR [dB]
	Req. SNR [dB]
	Req. SNR [dB]
	Req. SNR [dB]
	Req. SNR [dB]

	84 bits
	-10.4
	-7.5
	-4.4
	-0.5
	5.4

	96 bits
	-9.7
	-7.2
	-3.6
	0.5
	7

	108 bits
	-9.5
	-6.8
	-3.4
	1
	11.2

	120 bits
	-9.2
	-6.2
	-2.8
	2
	-

	132 bits
	-9
	-5.8
	-2.2
	2.4
	-



Table 20: The distribution of aggregation level for different DCI payload sizes in scenario 4
	Payload size with CRC
	AL16
	AL8
	AL4
	AL2
	AL1

	
	Ratio
	Ratio
	Ratio
	Ratio
	Ratio

	84 bits
	-
	2%
	14%
	38%
	46%

	96 bits
	-
	3%
	21%
	36%
	40%

	108 bits
	-
	4%
	24%
	45%
	27%

	120 bits
	-
	6%
	29%
	65%
	-

	132 bits
	-
	7%
	31%
	62%
	-



System level simulations
Table 21： PDCCH System-level simulation assumptions
	Parameters
	Values

	Carrier frequency
	2 GHz for scenario 1
4 GHz for scenario 2
700 MHz for scenario 3
4 GHz for scenario 4

	SCS
	15 kHz for scenario 1
30 kHz for scenario 2
15 kHz for scenario 3
30 kHz for scenario 4

	BS antenna height
	25 m

	UE height
	1.5 m

	TRP transmit power
	46 dBm for 20 MHz bandwidth, for scenario 1
46 dBm for 100 MHz bandwidth, for scenario 2
46 dBm for 10 MHz bandwidth, for scenario 3
46 dBm for 40 MHz bandwidth, for scenario 4

	UE power class
	23 dBm

	ISD
	500m

	TRP antenna configuration
	(M,N,P,Mg,Ng) = (1,1,2,1,1) for scenario 1
(M,N,P,Mg,Ng) = (1,2,2,1,1) for scenario 2
(M,N,P,Mg,Ng) = (1,1,2,1,1) for scenario 3
(M,N,P,Mg,Ng) = (1,2,2,1,1) for scenario 4

	UE antenna configuration
	(M,N,P,Mg,Ng) = (1,1,2,1,1) for scenario 1
(M,N,P,Mg,Ng) = (1,2,2,1,1) for scenario 2
(M,N,P,Mg,Ng) = (1,1,2,1,1) for scenario 3
(M,N,P,Mg,Ng) = (1,2,2,1,1) for scenario 4

	Device deployment
	80% indoor, 20% outdoor (in car) with first priority

	UE speeds of interest
	Indoor users: 3km/h
Outdoor users: 30 km/h

	BS noise figure
	5 dB

	UE noise figure
	7 dB

	BS antenna element gain
	8 dBi

	UE noise figure
	9 dBi

	Thermal noise level
	-174 dBm/Hz

	Simulation bandwidth
	20 MHz for scenario 1
100 MHz for scenario 2
10 MHz for scenario 3
40 MHz for scenario 4

	Number of UEs per cell
	10 UEs per TRxP

	Down tilt 
	102°



[image: ]
Figure 5: Geometry for scenario 1
[image: ]
Figure 6: Geometry for scenario 2
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Figure 7: Geometry for scenario 3
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Figure 8: Geometry for scenario 4
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