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Introduction
In RAN1 104 e-meeting, companies provided simulation result with the simulation assumptions agreed in previous meeting. In this contribution, except some simulation evaluation, we further discuss spec impact from single DCI scheduling PDSCH on two cells.
Evaluations
Carrier aggregation provides larger bandwidth and more transmission opportunities. Correspondingly, PDCCH overhead will increase. Especially for cross-carrier scheduling, PDCCH overhead in one scheduling carrier will be double even more. However, PDCCH resource is limited, especially for dynamic spectrum sharing (DSS), bandwidth for PDCCH resource is relatively narrow. PDCCH blockage may happen. One-to-two scheduling is one solution to reduce PDCCH overhead. One-to-two scheduling, to be specifically, one DCI schedules two PDSCHs in two carriers, is shown in Figure 1. To minimize DCI payload in one-to-two scheduling, some DCI fields for two PDSCHs will be shared and correspondingly, e.g. frequency domain resource, time domain resource, PUCCH resource and so on.



Figure 1 NR scheduling schemes 
For one-to-two scheduling, On the one hand, saved PDCCH resource can be utilized for data transmission, on the other hand, it can reduce PDCCH blockage. So, we evaluate one-to-two scheduling from perspective of CCE saving and PDCCH blockage.
CCE saving 
For one-to-two scheduling, larger DCI size is benefit for more flexible scheduling. However, larger DCI size requires larger aggregation level to meet reliability requirement, which will neutralize the gain from DCI number decrease. Therefore, a new DCI design is the trade-off between the flexibility of scheduling and PDCCH overhead reduction. Table 1-3 show demodulation SNR budget and distribution proportion for different DCI sizes.
Table 1 SNR budget for different DCI sizes (Target BLER=1%) for combination 1
	DCI size (including 24bit CRC)
	AL1
	AL2
	AL4
	AL8
	AL16

	
	SNR (dB)
	Ratio
	SNR (dB)
	Ratio
	SNR (dB)
	Ratio
	SNR (dB)
	Ratio
	SNR (dB)
	Ratio

	
	
	
	
	
	
	
	
	
	
	

	84
	11.6
	0.22
	3.7
	0.27
	-0.6
	0.29
	-3.95
	0.14
	-7
	0.08

	96
	13.3
	0.18
	5
	0.25
	0.44
	0.27
	-3.5
	0.20
	-6.625
	0.10

	108
	16.5
	0.11
	6
	0.27
	0.857
	0.29
	-2.91
	0.21
	-6.25
	0.12

	120
	
	
	7
	0.35
	1.138
	0.30
	-2.4
	0.21
	-5.7
	0.14

	132
	
	
	7.5
	0.34
	2.1
	0.24
	-2
	0.26
	-5.375
	0.16



Table 2 SNR budget for different DCI sizes (Target BLER=1%) for combination 2 and 4
	DCI size (including 24bit CRC)
	AL1
	AL2
	AL4
	AL8
	AL16

	
	SNR (dB)
	Ratio
	SNR (dB)
	Ratio
	SNR (dB)
	Ratio
	SNR (dB)
	Ratio
	SNR (dB)
	Ratio

	
	
	
	
	
	
	
	
	
	
	

	84
	4.55
	0.45
	-1.10
	0.35
	-4.87
	0.14
	-8.00
	0.04
	-10.41
	0.02

	96
	6.00
	0.39
	-0.28
	0.37
	-4.45
	0.18
	-7.40
	0.04
	-10.00
	0.02

	108
	8.30
	0.32
	0.10
	0.41
	-3.93
	0.19
	-7.10
	0.05
	-9.62
	0.03

	120
	
	
	0.98
	0.66
	-3.50
	0.24
	-6.65
	0.07
	-9.20
	0.03

	132
	
	
	1.45
	0.63
	-3.00
	0.25
	-6.20
	0.09
	-8.95
	0.03



Table 3 SNR budget for different DCI sizes (Target BLER=1%) for combination 3
	DCI size (including 24bit CRC)
	AL1
	AL2
	AL4
	AL8
	AL16

	
	SNR (dB)
	Ratio
	SNR (dB)
	Ratio
	SNR (dB)
	Ratio
	SNR (dB)
	Ratio
	SNR (dB)
	Ratio

	
	
	
	
	
	
	
	
	
	
	

	84
	11.67
	0.24
	3.75
	0.30
	-0.45
	0.29
	-4.02
	0.14
	-7.01
	0.03

	96
	13.3
	0.21
	5
	0.27
	0.44
	0.28
	-3.5
	0.20
	-6.6
	0.04

	108
	16.5
	0.15
	5.9
	0.28
	0.86
	0.30
	-2.9
	0.21
	-6.32
	0.05

	120
	
	
	6.9
	0.40
	1.42
	0.28
	-2.4
	0.25
	-5.75
	0.07

	132
	
	
	7.5
	0.37
	2.1
	0.27
	-2
	0.28
	-5.37
	0.08



As showed in Table 1-3, DCI size increase leads aggregation level increase. Take table 2 as an example, for new DCI size=96, smaller proportion of UEs’ aggregation level increases. It means that most UE could save PDCCH overhead by one-to-two scheduling. For new DCI size=132, around 69% UE’s aggregation level increases. It means that around 31% UE could save PDCCH overhead by one-to-two scheduling. So significant PDCCH overhead reduction can be expected for any DCI size.
Table 4-6 shows CCE saving ratio for different DCI sizes, CA ratio and combination scenarios. CCE saving ratio is calculated by the following formula:


CA ratio is CA UE percentage. For CA UE, two DCIs are assumed as baseline and one new DCI is assumed for one-to-two scheduling. For nonCA UE, a DCI is always assumed. For combination 2 and 4, the CCE saving ratio are the same because the same carrier and antenna configuration are assumed in LLS evaluation.
Table 4 CCE saving ratio for combination 1
	CA ratio
	New DCI size 96bits
	New DCI size 108bits
	New DCI size 120bits
	New DCI size 132bits

	0%
	0.00%
	0.00%
	0.00%
	0.00%

	10%
	7.87%
	6.98%
	6.07%
	5.20%

	20%
	14.43%
	12.80%
	11.13%
	9.53%

	30%
	19.99%
	17.72%
	15.41%
	13.19%

	40%
	24.75%
	21.94%
	19.07%
	16.34%

	50%
	28.87%
	25.60%
	22.25%
	19.06%

	60%
	32.48%
	28.80%
	25.04%
	21.44%

	70%
	35.66%
	31.63%
	27.49%
	23.54%

	80%
	38.49%
	34.14%
	29.67%
	25.41%

	90%
	41.02%
	36.38%
	31.62%
	27.08%

	100%
	43.30%
	38.40%
	33.38%
	28.59%



Table 5 CCE saving ratio for combination 2/4
	CA ratio
	New DCI size 96bits
	New DCI size 108bits
	New DCI size 120bits
	New DCI size 132bits

	0%
	0.00%
	0.00%
	0.00%
	0.00%

	10%
	8.24%
	7.42%
	5.39%
	4.85%

	20%
	15.10%
	13.61%
	9.89%
	8.89%

	30%
	20.91%
	18.84%
	13.69%
	12.31%

	40%
	25.89%
	23.32%
	16.95%
	15.24%

	50%
	30.20%
	27.21%
	19.77%
	17.78%

	60%
	33.98%
	30.61%
	22.24%
	20.01%

	70%
	37.31%
	33.61%
	24.42%
	21.97%

	80%
	40.27%
	36.28%
	26.36%
	23.71%

	90%
	42.92%
	38.67%
	28.10%
	25.27%

	100%
	45.31%
	40.82%
	29.66%
	26.68%



Table 6 CCE saving ratio for combination 3
	CA ratio
	New DCI size 96bits
	New DCI size 108bits
	New DCI size 120bits
	New DCI size 132bits

	0%
	0.00%
	0.00%
	0.00%
	0.00%

	10%
	7.84%
	6.89%
	5.44%
	4.66%

	20%
	14.38%
	12.64%
	9.97%
	8.55%

	30%
	19.90%
	17.50%
	13.80%
	11.84%

	40%
	24.64%
	21.67%
	17.09%
	14.65%

	50%
	28.75%
	25.28%
	19.94%
	17.10%

	60%
	32.34%
	28.44%
	22.43%
	19.23%

	70%
	35.52%
	31.23%
	24.63%
	21.12%

	80%
	38.33%
	33.71%
	26.58%
	22.80%

	90%
	40.86%
	35.92%
	28.33%
	24.30%

	100%
	43.13%
	37.92%
	29.90%
	25.64%



From Table 4 to Table 6, we could see that
· As CA ratio increases, CCE saving ratio increases. For CA ratio=10%, CCE saving ratio is from 5% to 8% for different DCI size. For CA ratio =30%, CCE saving ratio is from 11% to 20% for different DCI sizes. For CA ratio =100%, CCE saving ratio is from 25% to 45% for different DCI sizes. 
· For different combination scenarios, there is no significant difference in CCE saving ratio. 

Observation 1: CCE saving ratio is more than 10% for any DCI size even CA ratio is not large, e.g. CA ratio=30%. And for different combination scenarios, there is no significant difference in CCE saving ratio.

PDCCH blockage 
To evaluate PDCCH blockage, simplified SLS schedule model is applied:
   - Based on "CA ratio" assumption, the number of UEs receiving single-cell scheduling (N1) and number of UEs receiving two-cell scheduling (N2) are determined.
    - For each slot trial:
    	-- For each of N UEs (N=N1+N2), the simulation randomly chooses the AL based on the probabilities deduced by LLS result and the assumed DCI size.
    	-- Allocate CCE resources for each of N UE. 
    	-- The number of DCIs that cannot be placed in resource plane is counted as blockage events and recorded. The number of corresponding dropped PDSCHs is also collected.
For one-to-two scheduling, one PDCCH blockage leads two PDSCH drops. So blocked PDCCH and dropped PDSCH are counted as metric 1 and metric 2. Blockage metric 1 and metric 2 is defined as:



Figure 2-5 shows PDCCH blockage metric 1 and metric 2 for different scenarios.
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Figure 2 PDCCH blockage for combination 1
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Figure 3 PDCCH blockage for combination 2
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Figure 4 PDCCH blockage for combination 3
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Figure 5 PDCCH blockage for combination 4

From figure 2 to figure 5, we could see that:
· As CA ratio increases, PDCCH blockage from perspective of PDCCH and PDSCH reduces significantly. 
· In combination 2, PDCCH blockage is reduced from 7% to 1-2%.
· In combinations other than 2, PDCCH blockage reduction due to one-to-two scheduling is more than 10% for middle and higher CA ratio.
· The less PDCCH capacity, the more gain from one-to-two scheduling
Observation 2: One-to-two scheduling can reduce PDCCH blockage significantly.

Spec impact

To support single DCI scheduling PDSCH on two cells, some enhancement on PDCCH is inevitable, e.g. new DCI format, DCI size alignment, scheduling mode switching and PDCCH blind decoding

New DCI format design and DCI size alignment
A new DCI format is necessary to support single DCI scheduling PDSCH on two cells. Some fields in DCI can be shared for two PDSCHs, and other fields should be separated. HARQ-ACK for the scheduled two PDSCHs can be transmitted in the same PUCCH, so the indication fields used for PUCCH can be shared, e.g. PUCCH resource indicator, HARQ timing indicator, TPC command for scheduled PUCCH, etc. For Frequency domain resource assignment field, considering the different BWP bandwidths and various channel conditions for scheduled cells, some enhancement is necessary to share FDRA field if supported. For Time domain resource assignment field, if the same SCS is assumed for two cells, shared TDRA field can be considered. Otherwise, more spec effort is required to support shared TDRA field. 
When new DCI format is introduced, enhancement on DCI size alignment is necessary to keep the same DCI size budget as R15.

Scheduling mode switching
If single DCI scheduling PDSCH on two cells is supported, there are two scheduling modes:
Mode-1: single DCI scheduling PDSCH on one cell,
Mode-2: single DCI scheduling PDSCH on two cells.
For one cell, schedule mode can be switched dynamically or semi-statically. Considering random traffic volume, dynamically resource allocation and various channel conditions, dynamic scheduling mode switching is better to provide high system efficiency. To support dynamic scheduling mode switching, there are two options:
· Option1: DCI format-based switch. DCI formats used for scheduling Mode-1 and scheduling Mode-2 are different. In other words, DCI format for Mode-2 supports single DCI scheduling PDSCH on two cells only. 
· Option2: DCI field-based switch. Scheduling Mode-1 and scheduling Mode-2 could share one DCI format. UE can determine scheduling mode based on one or more field in the DCI, e.g. CIF field or specific value of some fields. 
Option 1 and option 2 are not excluded. Both options can be studied further.

PDCCH blind decoding
In current spec, PDCCH candidates are counted separately for each scheduled cell, and the CCE indexes for a PDCCH candidate is relative to , which is a cell specific configuration. When single DCI scheduling PDSCH on two cells is supported, the PDCCH candidates used to monitor the new DCI format should be the same for the two scheduled cells. Then  used for single DCI scheduling PDSCH on two cells should keep the same value among the target scheduled cells. 

Observation 3: If single DCI scheduling PDSCH on two cells is supported, the following issues need to be considered
a) New DCI format design and DCI size alignment
b) Scheduling mode switch
c) PDCCH candidate determination
Conclusions
In this contribution, we show our views on multi-cell PDSCH scheduling via a single DCI enhancement with following observations:
Observation 1: CCE saving ratio is more than 10% for any DCI size even CA ratio is not large, e.g. CA ratio=30%. And for different combination scenarios, there is no significant difference in CCE saving ratio.
Observation 2: One-to-two scheduling can reduce PDCCH blockage significantly.
Observation 3: If single DCI scheduling PDSCH on two cells is supported, the following issues need to be considered
a) New DCI format design and DCI size alignment
b) Scheduling mode switch
c) PDCCH candidate determination
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Table A-1 Link-level simulation scenario
	parameters
	assumption

	DCI Size (including 24bits CRC)
	84/96/108/120/132

	channel model
	TDL-C DS=300ns

	Transmission type
	Interleaved with size=2

	bundle size
	6

	modulation
	QPSK

	channel coding
	polar code

	UE speed
	3km/h

	Tx Diversity
	One port precoder cycling
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