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1	Introduction
RAN4#95-e agreed with the way forward on CA CQI reporting test requirements [1]. This contribution provides our view on the detailed test parameters and metrics for CA CQI reporting requirements. 
2	Discussion
2.1	Test parameters
2.1.1	Duplex mode and SCS combinations
	· Duplex mode and SCS combinations​
· For the performance requirements: ​
· Option 1: Reuse the combinations from PDSCH normal​
· Option 2:
· FR1: FDD + FDD with 15 kHz SCS and TDD + TDD with 30 kHz SCS​
· FR2: TDD + TDD with 120 kHz SCS​
· Applicability rule if option 1 for the performance requirements is agreed: ​
· Option 1: Test 2 of the 3 cases below, and FFS on the detailed applicability rule:
· Test #1: FDD 15 kHz + FDD 15 kHz​
· Test #2: FDD 15 kHz + TDD 30 kHz, in case UE supports different SCS on different carriers for FDD-TDD CA, otherwise FDD 15 kHz + TDD 15 kHz​
· Test #3: TDD 30 kHz + TDD 30 kHz, in case UE supports it, otherwise TDD 15 kHz + TDD 30 kHz​
· Other options are not precluded​ 



For the duplex mode and SCS combinations, the difference between option 1 and option 2 is TDD with SCS=15kHz is included in FR1 (Option 1) or not (Option 2). Since the CQI definition test uses static channel, we don’t expect the performance difference between TDD SCS=15kHz and TDD SCS=30kHz. To avoid the increase the number of test cases, we prefer option 2. 
Proposal 1: For CA CQI reporting test, define the test cases with:
· FR1: FDD + FDD with 15 kHz SCS and TDD + TDD with 30 kHz SCS
· FR2: TDD + TDD with 120 kHz SCS

2.1.2	Other parameters
	· TDD pattern for 120kHz SCS
· Option 1: 3D1S1U with S=10:2:2
· Option 2: 2D1S1U with S=11:3:0
· CSI reporting periodicity for 120kHz SCS
· Depend on the agreement on TDD pattern for 120kHz SCS
· If TDD pattern of 3D1S1U is agreed, use 10 slots
· If TDD pattern of 2D1S1U is agreed, use 8 slots
· Antenna configuration for CA CQI test 
· 1T2R and 1T4R



TDD pattern for SCS=120kHz
We prefer to option 2 (DDSU) because it is used for single carrier CQI reporting test and therefore we can reuse the scheduling configuration for CA CQI reporting tests. However we don’t expect the performance difference between DDDSU and DDUS because of static channel condition. We are also fine to configure DDDSU if there is more benefit than the reuse of scheduling configuration. 
Proposal 2: Configure 2D1S1U with S=11:3:0 for TDD SCS=120kHz.

Antenna configuration
If we look the single carrier CQI reporting test (TS38.101-4 6.2.2/6.2.3 For FR1 and TS38.101-4 8.2.2.2.1 for FR2), antenna configuration is 2T2R and 2T4R for FR1 and 2T2R for FR2, instead of 1Tx. We therefore propose to follow single carrier CQI reporting test configuration as follows. 
Proposal 3: Set antenna configuration as follows:
· FR1: 2T2R and 2T4R
· FR2: 2T2R


2.2	Test metrics and test points 
	· General principle​
· Following the methodology used in LTE, the difference between the wideband CQI indices of Pcell and the first Scell as well as the difference between the wideband CQI indices of the first Scell and the other Scell(s) (if any) shall be not smaller than a threshold, for more than 90% of the time​
· SNR configuration for 2DL CA CQI test​
· Option 1: SNRPcell = 10dB and SNRScell = 4dB ​
· Other options are not precluded​
· SNR configuration for 3 or more DL CA CQI test​
· Option 1: SNRPcell = 12dB, SNRScell1 = 6dB, SNRScell2, 3,… = 0dB​
· Other options are not precluded​
· Delta CQI threshold for CA CQI test​
· Option 1: thr = 2 for 2 or more DL CA ​
· Other options are not precluded​


RAN4 basically agreed to reuse the same metric as LTE CA CQI test, but the remaining open issues are the SNR test points and threshold. Table 1 shows FR1 FDD median CQI from our simulation results based on the setting of single carrier CQI definition test (TS 38.101-4 6.2.2.1.1). 
We should point out the NR CQI definition test uses CQI Table 2 which supports up to 256QAM, although LTE CA CQI tests use Rel-8 CQI table supporting up to 64QAM. If we review the test points for single carrier LTE CQI definition test (TS36.101 9.2.1), SNR test points are relatively low, i.e., SNR=0/1dB and SNR=6/7dB. Since RAN4 has agreed to use CQI table 2 for FR1, we think SNRPcell = 10dB and SNRScell = 4dB are low considering the NR single carrier CQI test requirements. We therefore propose to set higher SNR test point for Pcell such as 16-18dB. 
[bookmark: _Ref46230207]Table 1	Median CQI and corresponding modulation for FR1 single carrier CA tests 
	SNR
	Median CQI (2Rx)
	Modulation
	Note

	0
	3
	QPSK
	

	2
	3
	QPSK
	

	4
	5
	16QAM
	

	6
	6
	16QAM
	

	8
	7
	64QAM
	Test point 1 for NR Single carrier CQI definition test

	10
	8
	64QAM
	

	12
	9
	64QAM
	

	14
	10
	64QAM
	Test point 2 for NR Single carrier CQI definition test

	16
	11
	64QAM
	

	18
	12
	256QAM
	

	20
	13
	256QAM
	



Proposal 4: For FR1 CA CQI tests, set
· SNRPcell = 16dB and SNRScell = 10dB
· SNRPcell = 18dB, SNRScell1 = 12dB, SNRScell2, 3,… = 6dB
· thr = 2 for 2 or more DL CA ​
Similarly, FR2 single carrier CQI test set test points SNR=8/9dB and 14/15dB in TS38.101-4 8.2.2.2.1. Based on the single carrier result and considering the achievable SNR levels over-the-air, we propose to set higher SNR test point for Pcell such as 14-16dB. 
Proposal 5: For FR2 CA CQI tests, set
· SNRPcell = 14dB and SNRScell = 8dB
· SNRPcell = 16dB, SNRScell1 = 10dB, SNRScell2, 3,… = 4dB
· thr = 2 for 2 or more DL CA ​

Signal power density
	· Signal power density for 2Rx and 4Rx requirements
· Option 1: For 4Rx requirements, reduce the signal power density by 3dB compared to that for 2Rx
· Use Option 1 as baseline, and it can be confirmed in the next RAN4 meeting if no technical concern will be observed.



Table 2 shows our FR1 FDD simulation result of median CQI for 2Rx and 4Rx. It is observed from our simulation results is the SNR for 2Rx to report a certain CQI index is about 2-3dB higher than the SNR for 4Rx, at least in the SNR ranges 0dB to 20dB. Therefore, for 4Rx requirements, we propose to confirm to reduce the signal power density by 3dB compared to that for 2Rx.
[bookmark: _Ref46235850]Table 2	Median CQI for FR1 single carrier CA tests (TS 38.101-4 6.2.2.1.1).
	SNR
	Median CQI (2Rx)
	Median CQI (4Rx)

	0
	3
	4

	2
	3
	5

	4
	5
	6

	6
	6
	7

	8
	7
	8

	10
	8
	9

	12
	9
	10

	14
	10
	12

	16
	11
	13

	18
	12
	14

	20
	13
	15



Proposal 6: For 4Rx requirements, confirm to reduce the signal power density by 3dB compared to 2Rx.
3	Summary
Proposal 1: For CA CQI reporting test, define the test cases with:
· FR1: FDD + FDD with 15 kHz SCS and TDD + TDD with 30 kHz SCS
· FR2: TDD + TDD with 120 kHz SCS
Proposal 2: Configure 2D1S1U with S=11:3:0 for TDD SCS=120kHz.
Proposal 3: Set antenna configuration as follows:
· FR1: 2T2R and 2T4R
· FR2: 2T2R
Proposal 4: For FR1 CA CQI tests, set
· SNRPcell = 16dB and SNRScell = 10dB
· SNRPcell = 18dB, SNRScell1 = 12dB, SNRScell2, 3,… = 6dB
· thr = 2 for 2 or more DL CA ​
Proposal 5: For FR2 CA CQI tests, set
· SNRPcell = 14dB and SNRScell = 8dB
· SNRPcell = 16dB, SNRScell1 = 10dB, SNRScell2, 3,… = 4dB
· thr = 2 for 2 or more DL CA ​
Proposal 6: For 4Rx requirements, confirm to reduce the signal power density by 3dB compared to 2Rx.
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