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Introduction
Based on discussions in [102-e-NR-DSS-DC_enh2-01] email thread, following agreements were made in RAN1#102-e for the study on PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI
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

If one DCI can schedule two or more cells, overhead reduction of PDCCH can be expected. In this contribution, we evaluate and analyze single DCI scheduling PDSCH on two cells performance.
Discussion
Carrier aggregation provides large bandwidth to support high data rates. However, PDCCH capacity becomes a bottleneck for data transmission due to limited control region in some scenarios, e.g. LTE carrier in dynamic spectrum sharing (DSS). In addition, large PDCCH overhead also impacts physical resource for data transmission. Therefore, PDCCH overhead reduction is a meaningful technical. One-to-two scheduling is a direct solution.
	One-to-two scheduling scheme
Currently, one DCI can schedule a single PDSCH only, shown in Figure 1 (left). One-to-two scheduling, to be specifically, one DCI schedules two PDSCHs in two carriers, is shown in Figure 1 (right). To minimize DCI overhead in one-to-two scheduling, some DCI fields for two PDSCHs will be shared and correspondingly, scheduling will be restricted to some extent, e.g. the same MCS level, time domain resource, PUCCH resource and so on.


Figure 1 NR scheduling schemes 
System-level Evaluation
Generally, PDCCH overhead reduction will increase throughput due to more resource can be used for PDSCH. However, scheduling restriction may decrease spectrum efficiency. So in system-level evaluation, taking the above parameters into account, we evaluate gain from one-to-two scheduling. 
In system level evaluation, two schemes are evaluated.
· Scheme1 (baseline): One PDCCH schedules one PDSCH in any carrier. DCI size including CRC 82bits is used.
· Scheme2: One PDCCH schedules one or two PDSCHs. If two PDSCHs in two carriers are allocated for one UE, one PDCCH is used. Otherwise, one PDCCH schedules one PDSCH. MCS information and time domain resource are the same for two PDSCHs scheduled by one PDCCH. DCI size including CRC 82bits is used for one-to-one scheduling, and 130 bits is used for one-to-two scheduling.
The details simulation assumptions are summarized in Table A-1. From simulation result in Figure2, we could see that scheme 2 has 13.5% throughput gain due to PDCCH overhead reduction.
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Figure 2 System level simulation result for SE
Observation 1: One-to-two scheduling has 13.5% throughput gain due to PDCCH overhead reduction.
Link-level Evaluation
For one DCI scheduling two PDSCHs, larger DCI size is benefit for more flexible scheduling. However, larger DCI size need to configure 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. 
SINR gap between adjacent aggregation levels is larger than 3dB, it means that DCI size variation range between adjacent aggregation levels is not small. Figure 3 shows different DCI size cases. Taking DCI size including CRC 130 bits as an example, the SINR for BLER=1% is around -3.6 dB for AL =16, while for reference DCI size including CRC, i.e. 82bits, the SINR for BLER=1% is around -2 dB for AL =8. So for DCI size including CRC 130bits, gain from PDCCH overhead reduction can be achieved in SINR range (-3.6dB,-2dB).To be specific, the gain from one-to-two scheduling can be achieved when a DCI with 130bits @ AL=16 replaces two DCIs with 82bit @ AL=16. However, when a DCI with 130bits @ AL=16 or two DCIs with 82bit @ AL=8 can work, there is no gain from PDCCH overhead reduction. So we define SINR range for gain is (-3.6dB,-2dB).
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Figure 3 PDCCH performance

Assuming that SINR distribution for UE is uniform. For new DCI size including CRC 130bits, SINR range size for gain is around 50% SINR gap between adjacent aggregation levels, so it can be seen that around 50% UE could achieve the gain from one-to-two scheduling. For other DCI size cases, the ratio of UE achieving gain from one-to-two scheduling is listed in Table 1. From Table 1, we could see that the smaller DCI size increases, the more UEs achieve gain from one-to-two scheduling
Table 1. Ratio for UE achieving gain from one-to-two scheduling
	New DCI size(bits)
	Ratio for UE achieving gain from one-to-two scheduling

	92
	90%

	106
	70%

	116
	60%

	130
	50%



Observation 2: The smaller DCI size increases, the more UEs achieve gain from one-to-two scheduling.

Conclusions
In this contribution, we show our views on multi-cell PDSCH scheduling via a single DCI enhancement with following observations:
Observation 1: One-to-two scheduling has 13.5% throughput gain due to PDCCH overhead reduction.
Observation 2: The smaller DCI size increases, the more UEs achieve gain from one-to-two scheduling.

Appendix
Table A-1. System-level simulation scenario
	parameters
	assumption

	Carrier frequency
	700/800 MHz

	Simulation bandwdith
	10+10 MHz

	UE number
	10+10

	Antenna configuration at TRxP
(M, N, P, Mg, Ng; Mp, Np)
	(M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1;1,1)
 (dH,dV) = (0.5, 0.8)λ

	Antenna configuration at UE
	(M,N,P,Mg,Ng; Mp,Np) = (2,1,1,1,1; 1,1)
(dH,dV) = (0.5, 0.8)λ

	TRxP number per site
	3

	Transmit power per TRxP
	 46 dBm

	ChannelModel
	Channel3DMIMO

	Traffic
	FullBuffer

	CSIFeedbackPeriod
	5slot

	Scenario
	UMA

	ISD
	500

	UENoiseFigure
	7



Table A-2. Link-level simulation scenario
	parameters
	assumption

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

	Carrier frequency
	4 GHz

	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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