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At RAN1#102 e-meeting, the simulation framework was preliminarily discussed. The following agreements were achieved:
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

In this contribution, we provide our views on 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. 
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Currently, one DCI can only schedule a single serving cell. Multi-cell scheduling requires multiple PDCCHs which increase the overhead of PDCCH from system perspective. As the number of NR devices increases in a network, the resource consumption of PDCCH would be a huge burden for the sharing carrier. Multi-cell PDSCH scheduling via a single DCI provide a useful tool to make DSS more feasible and powerful. In short, it at least has the following advantages:

· Introduce more flexibility for network configuration and scheduling.
· Improve the throughput and consequently bring better experience for UE. More physical resources can be used for PDSCH since multi-cell scheduling via a single DCI can significantly reduce the number of required PDCCHs. 
· Reduce the possibility of PDCCH blocking and improve the system performance accordingly. As the total number of PDCCHs is reduced, the blockage issue can be alleviated.

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, 72bits, 82 bits, 85bits, 96 bits and 110 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 40 bits), 25%, 50%, 75%, 100%. The detailed link level simulation assumptions can be found in the appendix. The mapping between aggregation levels and SNR ranges are shown in Table 1.

Table1: The SNR at 1% BLER for different DCI payload sizes
	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
	-7.98
	-5.06
	-1.75
	4.16
	12.39

	96 bits
	-7.6
	-4.5
	-1.1
	5.4
	14.3

	106 bits
	-7.31
	-4.05
	-0.77
	6.1
	16.8

	109 bits
	-7.2
	-3.8
	-0.35
	6.5
	-

	120 bits
	-6.8
	-3.5
	0.2
	7.2
	-

	134 bits
	-6.32
	-3.25
	0.63
	8.55
	-



From the geometry curve as shown in Figure 3 in the appendix for urban scenario obtained from SLS and the required SNR in Table 1, the distribution of aggregation levels is provided in Table 2. Accordingly, the average number of CCEs occupied by a PDCCH candidate for different DCI payload sizes is provided in Table 3.

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

	
	Ratio
	Ratio
	Ratio
	Ratio
	Ratio

	84 bits
	2%
	17%
	46%
	24%
	11%

	96 bits
	4%
	21%
	46%
	21%
	8%

	106 bits
	6%
	22%
	45%
	22%
	5%

	109 bits
	7%
	25%
	43%
	25%
	-

	120 bits
	8%
	29%
	41%
	22%
	-

	134 bits
	9%
	32%
	40%
	19%
	-



Table 3: The average number of CCEs for a PDCCH candidate 
	DCI payload size
	84 bits including CRC
	96 bits including CRC
	106 bits including CRC
	109 bits including CRC
	120 bits including CRC
	134 bits including CRC

	Required number of CCEs
	4.07
	4.66
	5.01
	5.34
	5.68
	5.98



The PDCCH capacity assuming different payload sizes and DSS-UE ratios are shown in Figure 1. 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. 40 MHz bandwidth with 30 kHz SCS and a CORESET with 3-OS duration occupying the whole bandwidth are assumed in the evaluation. The supported number of UEs with different DSS-DCI payload sizes and different DSS-UE ratios are provided in Table 4. In addition, the PDCCH capacity compared to the baseline is shown in Figure 1, wherein the baseline is all the UEs are legacy UEs and scheduled on two carriers with two DCIs.

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

	
	0%
	25%
	50%
	75%
	100%

	84 bits
	6
	7
	8
	9
	12

	96 bits
	-
	7
	7
	9
	10

	106 bits
	-
	6
	7
	8
	9

	109 bits
	-
	6
	7
	8
	9

	120 bits
	-
	6
	7
	7
	8

	134 bits
	-
	6
	7
	7
	8






[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Figure1: Improvement on PDCCH capacity with introducing DSS-DCI

Based on the results in Figure 1 and Table 4, we can have the following observations:
· Multi-cell scheduling via a single DCI can significantly reduce the possibility of PDCCH blocking. Consequently, the PDCCH capacity increase 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.

Proposal 1: Multi-cell PDSCH scheduling via a single DCI should be further studied considering it can bring significant benefits in terms of PDCCH capacity, PDSCH throughput and network flexibility.

Potential solutions for multi-cell PDSCH scheduling via a single DCI
As analyzed above, multi-cell PDSCH scheduling via a single DCI can bring significant benefits in terms of PDCCH capacity and PDSCH throughput. Given the channel condition and scheduling requirements on different serving cells are quite different, two separate TBs should be transmitted on two serving cells.
Proposal 2:  Two TBs should be scheduled separately on different serving cells for multi-cell PDSCH scheduling via a single DCI.

If multi-cell PDSCH scheduling via a single DCI is supported, the enhancement for the scheduling DCI is needed. As the current DCI format can only support single serving cell scheduling, at least the following aspects are needed to be further studied:
· The DCI content needs to be modified accordingly in order to support multi-cell PDSCH scheduling. The simplest way is to double all the bit fields included in the current DCI format. However, the payload size would be doubled accordingly and the PDCCH performance will be jeopardized.  Furthermore, the gain we can get from DSS-DCI in terms of PDCCH capacity and PDSCH throughput would be degraded. A smaller payload size for DSS-DCI should be pursued.
· UE may need to differentiate whether a DCI is used for DSS or not. Dynamic switching between two scheduling schemes, i.e. single-cell PDSCH scheduling via a single DCI and multi-cell PDSCH scheduling via a single DCI, is necessary as the fallback DCI has to be monitored for both common data and unicast data. Furthermore, it is more flexible and friendly for DSS operation if gNB can make a decision on scheduling data transmission based on legacy DCI format or DSS-DCI format freely. The solution to differentiate the DCI formats would be necessary.
· If a DCI is used for DSS, the target cell needs to be identified. In our view, the DSS DCI could schedule different combinations of target cells, including itself or not should be supported. 


Figure2: Illustration on different target cell combinations scheduled by a single DCI

The HARQ-ACK feedback procedure may also need to be further studied accordingly, e.g. the SCS and scheduling/feedback timing may be different for the different scheduled cells.  We also provide some tentative insights below from our side:
· For type1 HARQ-ACK codebook, current mechanism can be directly reused if two separate PDSCHs are scheduled on different cells respectively.
· Design of C-DAI and T-DAI in one DCI for counting multiple PDSCHs scheduled by one DCI should be considered.
· HARQ-ACK timing needs to be further considered as the scheduling timing and feedback timing may be both different on the two scheduled cells.

Proposal 3:  The DCI content for multi-cell PDSCH scheduling and HARQ feedback procedure need to be further studied.

Conclusion
This contribution discusses the relevant issues associated with multi-cell PDSCH scheduling. We have the following proposals:
Proposal 1: Multi-cell PDSCH scheduling via a single DCI should be further studied considering it can bring significant benefits in terms of PDCCH capacity, PDSCH throughput and network flexibility.

Proposal 2:  Two TBs should be scheduled separately on different serving cells for multi-cell PDSCH scheduling via a single DCI.

Proposal 3:  The DCI content for multi-cell PDSCH scheduling and HARQ feedback procedure need to be further studied.
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Appendix
Link level simulations
[bookmark: _Ref1030736]Table 3： PDCCH Link-level simulation assumptions
	Parameter
	Values

	Frequency band
	700/800 MHz

	SCS
	15 kHz

	Channel model
	TDL-C

	Delay Spread
	300

	UE speed
	3 km/h

	Antenna configuration at BS
	4T

	Antenna configuration at UE
	2R

	CORESET duration 
	3

	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)
	60/72/82/85/96/110/120bit

	Tx Diversity
	One port precoder cycling



System level simulations
[image: 说明: cid:image001.png@01D6969A.7CF24330]
Figure 3: Geometry for urban scenario

Table 5： PDCCH System-level simulation assumptions
	Parameters
	Values

	Carrier frequency
	700/800 MHz

	SCS
	15 kHz

	BS antenna height
	25 m

	UE height
	1.5 m

	TRP transmit power
	46 dBm for 10 MHz bandwidth

	UE power class
	23 dBm

	ISD
	500m

	TRP antenna configuration
	 (M,N,P,Mg,Ng) = (1,2,2,1,1)

	UE antenna configuration
	 (M,N,P,Mg,Ng) = (1,2,2,1,1)

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

	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
	10 MHz

	Number of UEs per cell
	10 UEs per TRxP

	Down tilt 
	102°
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