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Introduction
In RAN #86e, the WID on enhanced Dynamic spectrum sharing (DSS) for NR was agreed with following RAN1 objectives:
· PDCCH enhancements for cross-carrier scheduling including [RAN1, RAN2]
· Study, and if agreed specify PDCCH of P(S)Cell/SCell scheduling PDSCH on  multiple cells using a single DCI
If one DCI can schedule 2 or more cells, the overhead reduction of PDCCH can be expected. In this contribution, we analysis the performance improvements achieved by PDCCH overhead reduction.
Discussion
1.1 Gain from single DCI scheduling mechanism
For one UE, throughput gain from single DCI scheduling mechanism can be formulated as follow. 


where
, it includes 6 CCEs per aggregation and each CCE includes 12 REs, orange block in Figure1.
is the number of REs used for PDSCH transmission if 1 DCI is used to schedule 2 PDSCHs, green part in Figure1-b.
 is the number of REs used for PDSCH transmission scheduled by 2 DCI separately, green part in Figure1-a.
 is the number of  REs in the RBs scheduled for PDSCH, total resource in Figure1-a or 1-b.

 
Figure 1. RE resources for PDSCH and PDCCH (DCI)
It is assumed that DCI size keeps the same, the performance gain is showed in Table 1 with different number of scheduled RBs and different PDCCH aggregation level. From table 1, we could see:
· The smaller number of PRB for PDSCH, the larger gain from PDCCH overhead reduction
· The higher aggregation level for PDCCH, the larger gain from PDCCH overhead reduction
· The range of gain from PDCCH overhead reduction is from 0.43% to 109.09%.
Table 1 Theory analysis for PDCCH overhead reduction
	     AL
RB num
	1
	2
	4
	8
	16

	10
	4.69%
	10.34%
	26.09%
	109.09%
	-

	20
	2.24%
	4.69%
	10.34%
	26.09%
	109.09%

	40
	1.09%
	2.24%
	4.69%
	10.34%
	26.09%

	60
	0.72%
	1.47%
	3.03%
	6.45%
	14.81%

	80
	0.54%
	1.09%
	2.24%
	4.69%
	10.34%

	100
	0.43%
	0.87%
	1.78%
	3.68%
	7.95%



Observation 1: For one UE, throughput gain from single DCI scheduling mechanism is from 0.43% to 109.09%.The gain is significant for smaller number of PRB for PDSCH and/or higher aggregation level for PDCCH
1.2 Impact from DCI size increase
Impact from DCI size increase includes: coverage decrease and reduction of gain from single DCI scheduling.
Figure 2 shows PDCCH BLER result with different DCI sizes for different aggregation levels. We could see that the SINR gap between 130bits, 116bits, 106bits, 92 bits and 82bits (average value for DCI format 1_1) is around 2dB, 1.5 dB, 1.0 dB, and 0.5 dB. Meanwhile DCI size increases 58%, 41%, 29% and12%.
[image: ]
Figure 2 PDCCH performance
Observation 2: DCI size increases significantly, e.g. 58%, coverage decrease, e.g. 2dB, can be acceptable.
If 1 DCI is used to schedule 2 PDSCH, a new DCI design is needed taking the trade-off between the DCI size increase and aggregation level increase. The DCI aggregation level increase depends on whether to get target performance requirement according to the SINR for the target UE. If DCI size increase does not cause AL increase, PDCCH overhead will be reduced when 2 DCIs instead of 1 DCI. 
Figure 2 shows PDCCH BLER result with different DCI sizes and different aggregation levels. If SINR of a UE is included in the red block, same DCI aggregation level is used to transmit DCI which size is from 82 bits to 130 bits (with 24 bits CRC). It means if a DCI with 130 bits includes the scheduling information of 2 PDSCHs, 1 DCI can be used to instead of 2 separated DCIs with same aggregation level. 
With uniform distribution for SINR between 2 blue lines (82bit AL=16 and 82bit AL=8), if new DCI size is 92bits, there is about 90% case could use new DCI size with same aggregation level to instead 2 DCIs. If new DCI size is 106bits, there is about 70%. If new DCI size is 116bits, there is about 60%. And if new DCI size is 130bits, there is about 50%. 
[bookmark: _GoBack]Observation 3: DCI size increases significantly, e.g. 58%, large percentage of UE, e.g. 50% can still get gain from single DCI scheduling.
Proposal 1: Gain from multi-cell PDSCH scheduling via a single DCI is clear and multi-cell PDSCH scheduling via a single DCI should be supported.
Conclusions
In this contribution, we show our views on multi-cell PDSCH scheduling via a single DCI enhancement with following observations:
Observation 1: For one UE, throughput gain from PDCCH overhead reduction is from 0.43% to 109.09%.The gain is significant for smaller number of PRB for PDSCH and/or higher aggregation level for PDCCH
Observation 2: DCI size increases significantly, e.g. 58%, coverage decrease, e.g. 2dB, can be acceptable.
Observation 3: DCI size increases significantly, e.g. 58%, large percentage of UE, e.g.50%, can still get gain from smaller PDCCH number.
Proposal 1: Gain from multi-cell PDSCH scheduling via a single DCI is clear and multi-cell PDSCH scheduling via a single DCI should be supported.
Appendix
Table 2. Link-level simulation scenario
	parameters
	assumption

	DCI Size(including 24bits CRC)
	82/92/106/116/130

	SCS
	15kHz

	PDCCH symbols
	3

	channel model
	TDL-B DS=100ns

	number of BS antennas
	2Tx

	number of UE antennas
	2Tx

	Transmission type
	interleaved

	bundle size
	6

	modulation
	QPSK

	channel coding
	polar code

	UE speed
	3km/h
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