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1   Background
Based on the further discussions happened during RAN4#94-e meeting, way forward on PDSCH CA normal demodulation requirements [1] was approved still with some open issues left.
In this contribution, we share our analysis and views on those open issues.

2   Discussion

2.1   Rank and MCS for FR2
As per the simulation results [3], we can observe better performance and suitable SNR point for Rank 1 and MCS 13 for FR2.

Table 2.1-1: Ideal Simulation results for NR normal CA for FR2 TDD 120 kHz
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MCS13 50 MHz 4.8 4.8 5.0 5.8 0.5 1.0 5.1

MCS13 100 MHz 4.8 4.7 4.8 5.7 0.5 1.0 5.0

MCS13 200 MHz 4.7 4.4 5.1 5.5 0.5 1.1 4.9
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MCS10 200 MHz 8.0 7.1 7.6 8.0 0.4 0.9 7.7

MCS10 400 MHz 8.1 7.1 7.5 8.2 0.5 1.1 7.7
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As per the TE vendor inputs [7], the testable SNR points for FR2 is as shown in Table 2.1-2:

Table 2.1-2: Feasible FR2 SNR levels
	Operating band
	SNR (dB) / Aggregated Channel bandwidth

	
	200 MHz
	400 MHz
	800 MHz

	n257
	21.8
	18.8
	15.8

	n258
	21.8
	18.8
	15.8

	n260
	16
	13
	10

	n261
	21.8
	18.8
	15.8


Considering the lowest testable SNR point 10dB for Band n260 and additional impairment margin, SNR lower than 10dB is feasible. From the results shown in Table 2.1-2, Rank1 with MCS13 is feasible for any channel bandwidth, but for Rank 2 with MCS 10, such as 50MHz channel bandwidth: 7.8dB (averaged results) + 2dB(impairment margin) +0.5dB (ideal STD) = 10.3dB, it is very danger that the performance cannot be tested for some band or band combinations with wider bandwidth combinations to be introduced in future. For the Option 3 [1] proposed by some company,  it will complicate the real testing by applying certain rules, another aspects are that the testable SNR from the TE vendor maybe change in the future and maybe the testable SNR is different for different TE vendors, which testable SNR value is the standard one that is acceptable by RAN4 and when does RAN4 recheck if the current testable SNR need to be changed or not, where to capture this testable SNR, too many uncertain and variable factors to choose Option 3 for future performance testing. RAN4 also discussed the testable SNR issue, no standard testable SNR is explicitly captured in the specification, RAN4 tried to define performance requirements for those testable scenarios.
Proposal 1: Choose Rank 1 MCS13 for FR2 NR CA normal performance requirements.

2.2   Number of HARQ process for CA
As per our companion contribution [9], we share our analysis on the number of HARQ process and K1 value for CA with different duplex mode and/or different numerology, the summary of the proposal is copied here for convenience:
Table 2.2-1: Number of HARQ process and K1 value for CA with different duplex model or mixed numerology
	Scenario
	PCell
	Number of HARQ process for PCell
	K1 for PCell
	SCell
	Number of HARQ process for SCell
	K1 for SCell

	FDD 15kHz SCS + TDD 30kHz SCS
	FDD 15kHz
	4
	2
	TDD 30kHz
	8
	{2}

	
	TDD 30kHz
	8
	{8,7,6,5,5,4,3,2}
	FDD 15kHz
	8
	{7,6,4,11,9,7,6,4}

	FDD 15kHz SCS + TDD 15kHz SCS
	FDD 15kHz
	4
	{2}
	TDD 15kHz
	4
	{2}

	
	TDD 15kHz
	8
	{4,3,2,6,5}
	FDD 15kHz
	8
	{4,3,2,6}

	TDD 15kHz SCS + TDD 30kHz SCS
	TDD 15kHz
	8
	{4,3,2,6}
	TDD 30kHz
	12
	{4,4,3,3,2,2,6,6}

	
	TDD 30kHz
	8
	{8,7,6,5,5,4,3,2}
	TDD 15kHz
	6
	{7,5,4,11}


2.3   Requirements for TDD-FDD / TDD-TDD CA with different numerology
RAN4 agreed to do further evaluation for single carrier performance with different numbers of HARQ processes, how to define the test applicability is still open for further discussion:
· Pcell configuration
· For performance requirements, the following proposal can be agreed after RAN4 confirmed that the same single carrier performance can be applied with different Pcell configurations and if applicability rules will be defined in a way that there is no scenarios which will never be tested (i.e. one Pcell configuration will be covered by one group of UEs and another Pcell configuration will be covered by another group of UEs)
· For CA with different SCSs, define requirements for both 15kHz Pcell and 30kHz Pcell. 
· For FDD + TDD CA with 15 kHz SCS, FFS whether to define requirements for both FDD 15 kHz Pcell and TDD 15 kHz Pcell.
· For test applicability, further discuss the following options:
· Option 1: The test coverage can be considered fulfilled if UE passes one of scenario with one of the CC as PCell as per the real testing request 
· Option 2: If Pcell in both carriers are supported, configure TDD cell as Pcell in TDD-FDD CA, configure 15 kHz SCS cell as Pcell in TDD 15+30kHz SCS CA. (scenarios with larger number of HARQ processes) 
· Option 3: If Pcell in both carriers are supported, configure FDD cell as Pcell in TDD-FDD CA, configure 30 kHz SCS cell as Pcell in TDD 15+30kHz SCS CA. (scenarios with less number of HARQ processes)
· Performance requirements: 
· Further evaluate the single carrier performance with different numbers of HARQ processes.
· Use the HARQ process numbers from table above
As per the proposed number of HARQ processes, we did evaluations for CA combinations with different duplex mode and/or different numerology.
2.3.1   FDD 15 kHz + TDD 30 kHz CA
· FDD 15kHz PCell and SCell
As per the suggested number of HARQ process, 4 HARQ processes for FDD 15kHz PCell and 8 HARQ processes for FDD 15kHz SCell, the corresponding simulation results, SNR@70% Max TP, and the difference between them for both 2Rx and 4Rx are shown below in Table 2.3-1 and Table 2.3-1a:
Table 2.3-1: Simulation results for NR FR1 FDD 15kHz SCS PCell for 2Rx with 4 and 8 HARQ processes
	CBW (MHz)
	Num. HARQ process
	5
	10
	15
	20
	25
	30
	40
	50

	2Rx
	4
	11.4
	11.5
	11.4
	11.4
	11.6
	11.4
	11.7
	12.1

	
	8
	11.90
	12.03
	12.09
	12.05
	
	
	
	

	Difference
	-0.5
	-0.53
	-0.69
	-0.65
	
	
	
	


Table 2.3-1a: Simulation results for NR FR1 FDD 15kHz SCS PCell for 4Rx with 4 and 8 HARQ processes
	CBW (MHz)
	Num. HARQ process
	5
	10
	15
	20
	25
	30
	40
	50

	4Rx
	4
	5.6
	5.6
	5.6
	5.6
	5.8
	5.7
	5.7
	5.9

	
	8
	5.84
	5.95
	5.96
	5.87
	
	
	
	

	Difference
	-0.24
	-0.35
	-0.36
	-0.27
	
	
	
	


From the simulation results comparison shown in Table 2.3-1 and Table 2.3-1a, we get the following observation:
Observation 1: There is up to 0.69dB difference for FDD 15 kHz SCS PCell with 4 HARQ process and SCell with 8 HARQ process for 2Rx for FDD 15 kHz + TDD 30 kHz CA.
· TDD 30kHz PCell and SCell

Same number of 8 HARQ processes is for TDD 30kHz PCell and SCell, the corresponding simulation results should be same and same performance requirements can be defined for both.
Observation 2: Same performance requirements for TDD 30 kHz PCell&SCell as corresponding single carrier requirements for FDD 15 kHz + TDD 30 kHz CA can be defined.
2.3.2   FDD 15 kHz + TDD 15 kHz CA
· FDD 15kHz PCell and SCell

4 HARQ processes for FDD 15kHz PCell and 8 HARQ processes for FDD 15kHz SCell are suggested as shown in Table 2.2-1, Observation 1 is applied.
· TDD 15kHz PCell and SCell

As per the number of HARQ process analysis in Table 2.2-1, 8 HARQ processes for TDD 15kHz PCell and 4 HARQ processes for TDD 15kHz SCell are suggested, the related simulation results, SNR@70% Max TP, and comparison are as shown below:
Table 2.3-2: Simulation results for NR normal CA for TDD 15 kHz cell for 2Rx with 8 and 4 HARQ processes
	Bandwidth(MHz)
	Num. HARQ process
	5
	10
	15
	20
	25
	30
	40
	50

	2Rx
	8
	11.21
	11.29
	11.17
	11.18
	11.36
	11
	11.59
	11.92

	
	4
	11.20
	11.24
	11.23
	11.27
	
	
	
	

	Difference
	0.01
	0.05
	-0.06
	-0.09
	
	
	
	


Table 2.3-2a: Simulation results for NR normal CA for TDD 15 kHz cell for 4Rx with 8 and 4 HARQ processes
	Bandwidth(MHz)
	Num. HARQ process
	5
	10
	15
	20
	25
	30
	40
	50

	4Rx
	8
	5.4
	5.5
	5.5
	5.5
	5.6
	5.5
	5.6
	5.8

	
	4
	5.39
	5.51
	5.52
	5.51
	
	
	
	

	Difference
	0.01
	-0.01
	-0.02
	-0.01
	
	
	
	


Observation 3: Very minor performance difference for TDD 15 kHz carrier as PCell with 8 HARQ processes and SCell with 4 HARQ processes. Same performance as single carrier for TDD 15 kHz carrier as PCell or SCell can be defined in FDD 15 kHz + TDD 15 kHz CA.
2.3.3   TDD 15 kHz + TDD 30 kHz CA
· TDD 15kHz PCell and SCell

As per the number of HARQ process analysis in Table 2.2-1, 8 HARQ processes for TDD 15kHz PCell and 6 HARQ processes for TDD 15kHz SCell are suggested, the related simulation results, SNR@70% Max TP, and comparison are as shown below:

Table 2.3.2-1: Simulation results for NR normal CA for TDD 15 kHz PCell for 2Rx with 8 and 6 HARQ processes
	Bandwidth(MHz)
	Num. HARQ process
	5
	10
	15
	20
	25
	30
	40
	50

	2Rx
	8
	11.21
	11.29
	11.17
	11.18
	11.36
	11
	11.59
	11.92

	
	6
	11.11
	11.14
	11.23
	11.11
	
	
	
	

	Difference
	0.1
	0.15
	-0.06
	0.07
	
	
	
	


Table 2.3.2-2: Simulation results for NR normal CA for TDD 15 kHz PCell for 4Rx with 8 and 6 HARQ processes
	Bandwidth(MHz)
	Num. HARQ process
	5
	10
	15
	20
	25
	30
	40
	50

	4Rx
	8
	5.4
	5.5
	5.5
	5.5
	5.6
	5.5
	5.6
	5.8

	
	6
	5.40
	5.47
	5.48
	5.53
	
	
	
	

	Difference
	0
	0.03
	0.02
	-0.03
	
	
	
	


Observation 4: Very minor performance difference for TDD 15 kHz carrier as PCell with 8 HARQ processes and SCell with 6 HARQ processes. Same performance as single carrier for TDD 15 kHz carrier as PCell or SCell can be defined for TDD 15 kHz + TDD 30 kHz CA.
· TDD 30kHz PCell and SCell

As per the number of HARQ process analysis in Table 2.2-1, 8 HARQ processes for TDD 30kHz PCell and 12 HARQ processes for TDD 30kHz SCell are suggested, the related simulation results, SNR@70% Max TP, and comparison are as shown below:

Table 2.3.3-1: Simulation results for NR FR1 TDD 30kHz SCS PCell for 2Rx with 8 and 12 HARQ processes
	CBW (MHz)
	Num.HARQ process
	5
	10
	15
	20
	25
	30
	40
	50
	60
	80
	90
	100

	2Rx
	8
	10.99
	11.40
	11.54
	11.26
	11.26
	11.42
	11.44
	11.72
	11.56
	11.89
	12.06
	12.20

	
	12
	11.43
	11.62
	11.72
	11.22
	11.28
	11.47
	11.57
	
	
	
	
	

	Difference
	-0.44
	-0.22
	-0.18
	0.04
	-0.02
	-0.05
	-0.13
	
	
	
	
	


Table 2.3-4a: Simulation results for NR FR1 TDD 30kHz SCS PCell for 4Rx with 8 and 12 HARQ processes
	CBW (MHz)
	Num.HARQ process
	5
	10
	15
	20
	25
	30
	40
	50
	60
	80
	90
	100

	4Rx
	8
	5.41
	5.55
	5.76
	5.57
	5.57
	5.72
	5.65
	5.73
	5.75
	5.94
	6.01
	

	
	12
	5.54
	5.59
	5.78
	5.62
	5.61
	5.70
	5.67
	
	
	
	
	

	Difference
	-0.13
	-0.04
	-0.02
	-0.05
	-0.04
	0.02
	-0.02
	
	
	
	
	


From the simulation results shown in Table 2.3-4 and Table 2.3-4a, we have the following observation:
Observation 5: Minor performance difference for TDD 30 kHz carrier as PCell with 8 HARQ processes and SCell with 12 HARQ processes, and same performance as single carrier for TDD 30 kHz carrier as PCell or SCell can be defined in TDD 15 kHz + TDD 30 kHz CA
Proposal 2: Define same performance requirements as corresponding single CC for each aggregated carrier as PCell or SCell in different CA combinations.
For the test applicability
· For test applicability, further discuss the following options:
· Option 1: The test coverage can be considered fulfilled if UE passes one of scenario with one of the CC as PCell as per the real testing request 
· Option 2: If Pcell in both carriers are supported, configure TDD cell as Pcell in TDD-FDD CA, configure 15 kHz SCS cell as Pcell in TDD 15+30kHz SCS CA. (scenarios with larger number of HARQ processes) 
· Option 3: If Pcell in both carriers are supported, configure FDD cell as Pcell in TDD-FDD CA, configure 30 kHz SCS cell as Pcell in TDD 15+30kHz SCS CA. (scenarios with less number of HARQ processes)
Option 1 is the most flexible test applicability, but to unify the test setup for all tests and avoid possible duplicated test on request of different deployments, it is a good idea to explicitly specify the PCell in the specification. There are two kinds of TDD-FDD CA of FDD 15kHz + TDD 30kHz and FDD 15kHz + TDD 15kHz, as per the agreement made in RAN4#93 [6]:
· FR1 inter-band CA with TDD 15 kHz + FDD 15 kHz

· TDD 15 kHz + FDD 15kHz CA will be tested only in case UE does not support different SCS on different CCs for TDD-FDD CA scenario (i.e. scenario TDD 30 kHz + FDD 15 kHz).

It means that FDD 15kHz + TDD 30kHz has higher priority if UE supports both, and TDD 30kHz should be the most typical subcarrier spacing for NR TDD, it is better to use 30kHz SCS cell as PCell in FDD 15kHz + TDD 30kHz CA, same view as TDD 15kHz + TDD 30kHz CA; FDD 15kHz + TDD 15kHz is a substitution of FDD 15kHz + TDD 30kHz only in case UE does not support FDD 15kHz + TDD 30kHz, it has lower priority, 15kHz SCS is the typical subcarrier spacing for NR FDD, it is more suitable to configure FDD 15kHz as PCell.

Proposal 3: If PCell in both carriers are supported, configure FDD 15kHz cell as PCell in FDD 15kHz + TDD 15kHz CA, configure 30kHz SCS cell as PCell in both FDD 15kHz + TDD 30kHz CA and TDD 15kHz + TDD 30kHz CA.
2.4   Test applicability rule

Numerology in each CA duplex mode: as per [1], two options are on table for the CA duplex mode for test.
· Numerology in each CA duplex mode
· Option 1:
· 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
· Test #4: TDD 15 kHz + TDD 30 kHz in case UE supports different SCS on different carriers for TDD-TDD CA
· Option 2:
· 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 15 kHz + TDD 30 kHz, in case UE supports different SCS on different carriers for TDD-TDD CA, otherwise TDD 30 kHz + TDD 30 kHz
From our understanding, CA with same numerology is typical NR CA operation, it means that FDD 15 kHz + FDD 15 kHz CA and TDD 30 kHz + TDD 30 kHz CA has higher priority compared to CA with different SCS. CA with different SCS on different carrier depends on UE capability, maybe not all UE support it, we would like to update Option 2 and propose:
Proposal 4 Adopt the numerology in each CA duplex mode as following:
· Updated Option 2:
· 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 
Categorizing of CA capabilities: as per the agreements [1], the following test applicability rules are listed:

· Categorizing of CA capabilities
· Option 1: Define different capabilities for intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with different numbers of bands. 
· Option 2: Define different capabilities for intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA.
· Companies to bring proposals on the demod spec structure for CA, with the motivation to minimize future maintenance. 
LTE defines the CA capability as per the different number of DL CCs, such as 2DL CCs, 3 DL CCs etc., for different CA types of intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with different number of aggregated bands. RAN4 RF is discussing the similar CA capability for NR in Release 15 and Release 16 but with larger number of DL CCs, more bandwidth class types with different fallback groups and more complex CA band combinations, it will cause unreasonable and heavy maintenance burden to list all CA capability as per the different number of DL CCs and the number of aggregated bands as did in LTE, it is feasible to only list intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA. Whether to list all inter-band CA with different number of bands is the only difference between Option 1 and Option 2, following the suggestion in [1], we try to give the corresponding draft specification structure as per our understanding for Option 1 and Option 2:

Table XX-1: Definition of CA capability (Option 1)
	CA Capability
	CA Capability Description

	CA_C
	Intra-band contiguous CA

	CA_NC
	Intra-band non-contiguous CA

	CA_A2
	Inter-band CA (two bands)

	CA_A3
	Inter-band CA (three bands)

	CA_A4
	Inter-band CA (four bands)

	NOTE 1:
CA4_C corresponds to NR CA configurations and bandwidth combination sets defined in Table 5.5A.1-1 for intra-band contiguous CA in FR1 [6]. 
                 CA_N2 corresponds to NR CA configurations and bandwidth combination sets defined in Table 5.5A.2-1 for intra-band non-contiguous CA in FR1 [6].

                 CA_A2 corresponds to NR CA configurations and bandwidth combination sets defined in Table 5.5A.3-1 for FR1 two bands [6].
                 CA_A3 corresponds to NR CA configurations and bandwidth combination sets defined in Table 5.5A.3-2 for FR1 three bands [6].
                 CA_A4 corresponds to NR CA configurations and bandwidth combination sets defined in Table 5.5A.3-3 for FR1 four bands [6].


Table XX-2: Definition of CA capability (Option 2)
	CA Capability
	CA Capability Description

	CA_C
	Intra-band contiguous CA

	CA_NC
	Intra-band non-contiguous CA

	CA_A
	Inter-band CA

	NOTE 1:
CA4_C corresponds to NR CA configurations and bandwidth combination sets defined in Table 5.5A.1-1 for intra-band contiguous CA in FR1. 
                 CA_N2 corresponds to NR CA configurations and bandwidth combination sets defined in Table 5.5A.2-1 for intra-band non-contiguous CA in FR1.
                 CA_A corresponds to NR CA configurations and bandwidth combination sets defined in section 5.5A.3 for FR1 inter-band CA.


Further maintenance is needed to update the CA capability definition for inter-band CA with more and more number of aggregated bands introduced for inter-band CA. Most companies prefer not to list the specific CA configurations and bandwidth combination as did in LTE that are selected manually from the related tables defined in RF core specification and is very time consuming, it is more convenient to leave this work to machine by defining clear test applicability rule. 
For the test applicability rule as listed below [1]:
Test of different CA capabilities, selection of CA configurations and CBW combination: 
· Test of different CA capabilities
· Option 1: Test intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with the largest number of bands.
· Option 2: Test intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA.
· Option 3: Test all the supported CA capabilities, including intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with different numbers of bands.
there is very heavy burden to figure out and list all testable aggregated CA bandwidth combinations for different CA capabilities with different number DL CCs from hundreds of CA configurations in LTE and further maintenance to figure out which additional testable aggregated CA bandwidth combinations need to be added with more and more CA configurations introduced in RF groups, for example:
Table 8.1.2.2-6: Supported largest aggregated CA bandwidth combinations for different CA capability with 4 CCs

	CA capability
	Bandwidth combination for FDD CA
	Bandwidth combination for TDD CA
	Bandwidth combination for TDD-FDD CA
	Bandwidth combination for CA with LAA SCell(s)

	CA4_C
	NA
	20+20+20+20MHz


	NA
	NA

	CA4_A2
	4x20MHz
10+3x20MHz

2x10+2x20MHz

10+5+2x20MHz
2x5+2x20MHz

3x10+20MHz

4x10MHz
	20+20+20+20MHz

15+20+20+20MHz
	20(FDD)+3x20(TDD)MHz
2x20(FDD)+2x20(TDD)MHz

10(FDD)+3x20(TDD)MHz

2x10(FDD)+2x20(TDD)MHz

2x10(FDD)+20+15(TDD)MHz
	10(FDD)+ 3×20(LAA)MHz,
15(FDD)+ 3×20(LAA)MHz,
20(FDD)+ 3×20(LAA)MHz,
20(TDD)+ 3×20(LAA)MHz

	CA4_A3
	4x20MHz
15+3x20MHz

10+3x20MHz

2x10+2x20MHz
5+10+2x20MHz

2x5+2x20MHz

3x10+20MHz

25+2x10+20MHz
2x5+10+20MHz
	NA
	20(FDD)+3x20(TDD)MHz

2×20(FDD)+2×20(TDD)MHz, 

3x20(FDD)+20(TDD)MHz 20(FDD)+15(FDD)+2×20(TDD)MHz, 2×15(FDD)+2x20(TDD)MHz

10(FDD)+20(FDD)+2x20(TDD)MHz

10(FDD)+3x20(TDD)MHz

10(FDD)+15(FDD)+2x20(TDD)MHz

2x10(FDD)+2x20(TDD)MHz
	NA

	CA4_A4
	4x20MHz
15+3x20MHz

10+3x20MHz
2x15+2x20MHz

10+15+2x20MHz

2x10+2x20MHz
	NA
	3x20(FDD)+20(TDD)MHz
2×20(FDD)+15(FDD)+20(TDD)MHz, 2×15(FDD)+20(FDD)+20(TDD)MHz

2×20(FDD)+10(FDD)+20(TDD)MHz

10(FDD)+20(FDD)+2x20(TDD)MHz

10(FDD)+15(FDD)+20(FDD)+20(TDD)MHz
	NA

	CA4_N2
	NA
	20+20+20+20MHz 
	NA
	NA

	NOTE 1:
This table is only for information and applicability and test rules of CA performance requirements are specified in 8.1.2.3 and 9.1.1.2.


NR should avoid such work methodology as much as possible to make efficient and future-proof work, the main logic behind to figure out and list those CA capabilities and testable aggregated bandwidth combination is to select the CA configurations with the largest aggregated bandwidth combination for one CA capability with the given number of CCs for LTE, demodulation requirements are agnostic to specific CA band combinations, such as CA_1C or CA_3C, the total number of DL CCs and the largest aggregated bandwidth are the key factors to be considered for demodulation requirements, to avoid unnecessary heavy maintenance work for hundreds of  CA combinations, NR can reuse the following test applicability rules for the selection of CA capability, CA configurations and CA bandwidth combination, additionally, considering the CA configuration with the largest number of CC if more than one CA configurations with the same largest aggregated bandwidth combination. If company has concern to use this test applicability rule for inter-band CA and wants to emphasize the largest number of aggregated band instead of the largest aggregated bandwidth combination, separate test applicability rule can be defined for inter-band CA, that means both Option 1 and Option 2 can be discussed from our point of view. Additionally whether need to consider the supportedSubCarrierSpacingDL, maxNumberMIMO-LayersPDSCH and  supportedModulationOrderDL reported for each CC and scalingFactor reported per band for FR1 and FR2 are raised [1], RAN4 agreed to define performance requirements for FDD 15kHz SCS, TDD FR1 15kHz SCS and TDD 30kHz SCS, the supportedSubCarrierSpacingDL should be considered for the CA configurations and is discussed in the numerology in each CA duplex mode, all other factors are considered for CA SDR tests and should not repeatly reconsidered in the CA normal performance requirements. The testable SNR for FR2 should be considered during the test parameters discussion as per the evaluations from companies. 
In a summary, we propose the following test applicability rule for NR UE CA normal performance requirements:
Proposal 5:
· Categorizing of CA capabilities: Use Option 2, i.e. define different capabilities for intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA by referring to the corresponding table or section in core specification TS 38.101-1/2/3
· Testing of different CA capabilities: 

· For intra-band contiguous CA and intra-band non-contiguous CA
· Select any one of the supported CA configurations with the largest aggregated CA bandwidth combination for certain selected CA duplex mode
· If more than one CA configurations with the same largest aggregated CA bandwidth combination, select the CA configurations with the largest number of CCs

· For inter-band CA
· Select any one of the supported CA configurations with the largest number of bands aggregated

· Selection of CA configurations and CBW combination

· supportedSubCarrierSpacingDL should be considered for CA normal performance requirements

· maxNumberMIMO-LayersPDSCH and  supportedModulationOrderDL reported for each CC and scalingFactor reported per band for FR1 and FR2 should be considered for CA SDR tests and not for CA normal performance requirements
· the testable SNR for FR2 should be considered for CA normal performance requirements
3   Proposals
In this contribution, we share our views on those open issues for NR CA normal performance requirements, and
Our observations are:

Observation 1: There is up to 0.69dB difference for FDD 15 kHz SCS PCell with 4 HARQ process and SCell with 8 HARQ process for 2Rx for FDD 15 kHz + TDD 30 kHz CA.
Observation 2: Same performance requirements for TDD 30 kHz PCell&SCell as corresponding single carrier requirements for FDD 15 kHz + TDD 30 kHz CA can be defined.
Observation 3: Very minor performance difference for TDD 15 kHz carrier as PCell with 8 HARQ processes and SCell with 4 HARQ processes. Same performance as single carrier for TDD 15 kHz carrier as PCell or SCell can be defined in FDD 15 kHz + TDD 15 kHz CA.

Observation 4: Very minor performance difference for TDD 15 kHz carrier as PCell with 8 HARQ processes and SCell with 6 HARQ processes. Same performance as single carrier for TDD 15 kHz carrier as PCell or SCell can be defined for TDD 15 kHz + TDD 30 kHz CA.
Observation 5: Minor performance difference for TDD 30 kHz carrier as PCell with 8 HARQ processes and SCell with 12 HARQ processes, and same performance as single carrier for TDD 30 kHz carrier as PCell or SCell can be defined in TDD 15 kHz + TDD 30 kHz CA
Our proposals are:
Proposal 1: Choose Rank 1 MCS13 for FR2 NR CA normal performance requirements.

Proposal 2: Define same performance requirements as corresponding single CC for each aggregated carrier as PCell or SCell in different CA combinations.
Proposal 3: Define same performance requirements for FDD 15 kHz PCell&SCell and TDD 15 kHz PCell&SCell as corresponding single carrier requirements for FDD 15 kHz + TDD 15 kHz CA.
Proposal 4 Adopt the numerology in each CA duplex mode as following:

· Updated Option 2:
· 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 
Proposal 5:
· Categorizing of CA capabilities: Use Option 2, i.e. define different capabilities for intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA by referring to the corresponding table or section in core specification TS 38.101-1/2/3

· Testing of different CA capabilities: 

· For intra-band contiguous CA and intra-band non-contiguous CA
· Select any one of the supported CA configurations with the largest aggregated CA bandwidth combination for certain selected CA duplex mode

· If more than one CA configurations with the same largest aggregated CA bandwidth combination, select the CA configurations with the largest number of CCs

· For inter-band CA
· Select any one of the supported CA configurations with the largest number of bands aggregated

· Selection of CA configurations and CBW combination

· supportedSubCarrierSpacingDL should be considered for CA normal performance requirements

· maxNumberMIMO-LayersPDSCH and  supportedModulationOrderDL reported for each CC and scalingFactor reported per band for FR1 and FR2 should be considered for CA SDR tests and not for CA normal performance requirements
· the testable SNR for FR2 should be considered for CA normal performance requirements
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