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Introduction
In RAN4 #92bis WF on PDSCH CA normal demodulation requirements was approved [1]. In this paper we provide view on remaining open issues for NR CA PDSCH normal demodulation requirements.
Discussion
Requirements for TDD 15 kHz
In the previous RAN4 meeting the following agreements were reached on SCS/CBW configuration for CA scenarios:
	· Single carrier SCS
· FR1
· FR1 FDD:15kHz 
· FR1 TDD: 30kHz, FFS 15kHz
· FR2: 120kHz
· Single carrier channel bandwidth for the FR1 FDD 15kHz, FR1 TDD 30kHz and FR2 120kHz SCS
· All configurable channel bandwidths
· Scenarios with different SCSs on different CCs for inter-band CA
· FR1 FDD 15 kHz SCS and TDD 30 kHz SCS
· If TDD 15 kHz requirements will be defined then
· All configurable channel bandwidths for TDD 15 kHz will be considered
· TDD 15 kHz is only tested in inter-band CA scenario with different SCSs on different CCs: FR1 TDD 15 kHz SCS and TDD 30 kHz SCS


Based on current agreement, FDD-TDD inter-band CA scenario will be tested only for scenarios with different SCS on different CCs. Same time, if UE supports only FDD-TDD bands but not supports scenarios with different SCS on different CCs then such UE can not be tested for CA scenarios. Therefore, we suggest to define requirements for FR1 TDD with 15 kHz SCS and test this configuration for FDD-TDD inter-band CA scenario in case UE does not support different SCS on different CCs.
Proposal 1:	Define requirements for FR1 TDD with 15 kHz SCS and test this configuration for FDD-TDD inter-band CA scenario in case UE does not support different SCS on different CCs.

FRC for FR2 tests
In the previous RAN4 meeting the following agreements were reached on FRC for CA requirements definition:
	· Rank: 
· FR1: Rank 2 for 2Rx and 4Rx
· FR2: 
· Option 1: Rank 2
· Option 2: Rank 1
· MCS: 
· FR1: MCS 13 (16QAM, CR 1/2)
· FR2: 
· Option 1: MCS 13 (16QAM, CR 1/2)
· Option 2: MCS 4 (QPSK, CR 1/3)
· Option 3: MCS 10 or 11 (16 QAM) 
· Other options are not precluded


Also, in the previous meeting, the following information on maximum testable SNR for CA scenarios was provided by TE vendors
[bookmark: _Ref23940513]Table 1. Feasible FR2 SNR levels from [1]
	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


Based on requirements from Table 7.2.2.2.1-4 in TS 38.101-4 [2], SNR point for Rank 2 MCS13 is around 14 dB depending on configurations of CBW/SCS and channel model. It means that UEs, supporting bands n257,258 and 261, can be tested for scenarios with aggregated channel bandwidth less or equal to 800 MHz and UEs, supporting only band n260, can be tested for scenarios with aggregated channel bandwidth less or equal to 200 MHz. Same time, additional bands can be introduced in future, which can have same or worse maximum testable SNR as band n260. Therefore, we suggest to consider FRC which operate in SNR region 7-10 dB to ensure that different UE can be tested for multiple CA scenarios with different aggregated channel bandwidth values.
Observation #1: Rank 2 MCS13 can be tested for scenarios with aggregated channel bandwidth 800 MHz for bands n257,258 and 261 and 200 MHz for band n260.
In Figure 1 and Table 2 we provide performance analysis for different FRC: Rank 2 MCS 13, Rank 2 MCS 10 and Rank 1 MCS 13.
	

	[bookmark: _Ref23940509]Figure 1. PDSCH performance for different FRCs


[bookmark: _Ref23940521]Table 2. Simulation results for different FRC
	
	Rank 2, MCS 13
	Rank 2, MCS 10
	Rank 1, MCS 13

	SNR @ 70% of Max T-put (without impairments)
	11.9
	8.1
	5.0

	SNR (including impairments and test margin 0.5 dB)
	14.4
	10.6
	7.5


Observation #2: Based on link level analysis
· SNR operating point for Rank 2 MCS10 is equal to 10.6 dB.
· SNR operating point for Rank 1 MCS13 is equal to 7.5 dB.
From these results we can conclude that:
· Rank 2 MCS10 can be tested for scenarios with aggregated channel bandwidth ~2400 MHz for bands n257,258 and 261 and ~600 MHz for band n260.
· Rank 1 MCS13 can be tested for scenarios with aggregated channel bandwidth ~3200 MHz for bands n257,258 and 261 and ~1400 MHz for band n260.
Proposal 2:	Use Rank 1 MCS13 for FR2 NR Normal CA requirements.

Test applicability rule
In the previous RAN4 meeting the following topics were captured for further study of NR CA applicability rules:
	· Test applicability for different CA duplex mode
· Option 1: Test all the supported CA duplex mode
· Other options are not precluded
· FFS categorizing of CA capabilities
· FFS on test of different CA capabilities
· FFS on selection of CA configuration(s) for test among supported CA configurations
· FFS on selection CBW combination for test for selected CA configuration


· Categorizing of CA capabilities
At current stage, the following CA capabilities are defined for LTE Normal CA requirements for scenarios with different number of CCs: Intra-band contiguous CA, Intra-band non-contiguous CA and Inter-band CA with different number of bands. Such categorizing of CA capabilities is aligned with RF definition. We suggest to consider same approach as for LTE and align categorizing of NR CA capabilities with RF specification.

· Testing of different CA capabilities
Depending on scenarios, LTE UE is tested for each or any one supported CA capability. We think that it is rather important to defined CA requirements with testing on all CA scenarios, i.e. contiguous Intra-band, non-contiguous Intra-band and Inter-band. Same time, we think that it is redundant to test UE for multiple Inter-band CA scenarios with different number of bands and it can be sufficient to test only for Inter-band CA scenarios with the highest number of bands. 

· Selection of CA configuration for testing
In the previous RAN4 meeting [1] it was agreed that CA requirements will be defined for fixed SCS value. Same time, based on TS 38.306 [3], SCS is part of UE capability signalling. Therefore, selection of any CA configuration for testing, like it was done in LTE, can lead to situation that UE can not be tested for selected CA configuration, because UE does not support SCS, which is used for requirements definition, for this CA configuration. Therefore, as the first step, we suggest to select CA configuration with maximum number of CCs where UE supports SCS used for requirements definition.
In the next steps we need to take into account that requirements are defined for fixed FRC. First, we need to ensure that data rate during the test does not exceed maximum supported data rate (calculated based on equation from TS 38.306 [3] Section 4.1.2). Second, it is important to select CA configuration which contains CCs with support of number of MIMO layer specified for requirements.
After selection of CA configurations where UE supports required SCS, Number of MIMO layers and Data Rate, further downselection of CA configurations can be done based data rate or aggregated channel bandwidth calculations.
Based on suggestions above, we propose the following methodology for selection of CA configuration for testing for each CA capability:
· Step 1: Select CA configurations with maximum number of CCs, on which UE capability field supportedSubCarrierSpacingDL is equal to SCSreq (SCS used for requirements definition), among all supported CA configurations
· Step 2: Select CA configurations with maximum number of CCs, on which UE capability field maxNumberMIMO-LayersPDSCH is higher or equal to νLayersreq (number of MIMO layers for requirements definition), among all the selected CA configurations from Step 1
· Step 3: Select any one of CA configurations, which contain CBW combinations with the largest data rate not exceeding DataRatereq, among all the selected CA configurations from Step 2.


 or 

Based on discussion from previous section, maximum aggregated channel bandwidth, which can be tested in FR2, depends on SNR operating point. Therefore, for FR2 CA testing, in the first step it is rather beneficial to select CA configurations which contain CBW combinations with maximum achievable SNR (SNRTEmax) higher or equal to SNR used for requirements definition (SNRreq). Such approach allows to avoid selection of CA configuration and CBW combination which can not be tested due to limitation at TE side.
Proposal 3:	Align categorizing of CA capabilities for NR Normal CA requirements with RF specifications
Proposal 4:	Consider the following CA capabilities for NR Normal CA testing: Intra-band contiguous CA, Intra-band non-contiguous CA and Inter-band CA with the largest number of bands
Proposal 5:	Use the following approach for selection of CA configuration for NR FR1 Normal CA testing:
· Step 1: Select CA configurations with maximum number of CCs, on which UE capability field supportedSubCarrierSpacingDL is equal to SCSreq, among all supported CA configurations
· Step 2: Select CA configurations with maximum number of CCs, on which UE capability field maxNumberMIMO-LayersPDSCH is higher or equal to νLayersreq, among all the selected CA configurations from Step 1
· Step 3: Select any one of CA configurations, which contain CBW combination with the largest data rate not exceeding DataRatereq, among all the selected CA configurations from Step 2.
Proposal 6:	Use the following approach for selection of CA configuration for NR FR2 Normal CA testing:
· Step 1: Select CA configurations, which contain CBW combinations with SNRTEmax higher or equal to SNRreq, among all supported CA configurations
· Step 2: Select CA configurations with maximum number of CCs, on which UE capability field supportedSubCarrierSpacingDL is equal to SCSreq, among all the selected CA configurations from Step 1
· Step 3: Select CA configurations with maximum number of CCs, on which UE capability field maxNumberMIMO-LayersPDSCH is higher or equal to νLayersreq, among all the selected CA configurations from Step 2
· Step 4: Select any one of CA configurations, which contain CBW combination with the largest data rate not exceeding DataRatereq and aggregated bandwidth with SNRTEmax higher or equal to SNRreq, among all the selected CA configurations from Step 3.
Conclusion
In this paper we provided view on test methodology and simulation assumptions for NR CA PDSCH normal demodulation requirements and made the following proposals:
Proposal 1:	Define requirements for FR1 TDD with 15 kHz SCS and test this configuration for FDD-TDD inter-band CA scenario in case UE does not support different SCS on different CCs.
Proposal 2:	Use Rank 1 MCS13 for FR2 NR Normal CA requirements.
Proposal 3:	Align categorizing of CA capabilities for NR Normal CA requirements with RF specifications
Proposal 4:	Consider the following CA capabilities for NR Normal CA testing: Intra-band contiguous CA, Intra-band non-contiguous CA and Inter-band CA with the largest number of bands
Proposal 5:	Use the following approach for selection of CA configuration for NR FR1 Normal CA testing:
· Step 1: Select CA configurations with maximum number of CCs, on which UE capability field supportedSubCarrierSpacingDL is equal to SCSreq, among all supported CA configurations
· Step 2: Select CA configurations with maximum number of CCs, on which UE capability field maxNumberMIMO-LayersPDSCH is higher or equal to νLayersreq, among all the selected CA configurations from Step 1
· Step 3: Select any one of CA configurations, which contain CBW combination with the largest data rate not exceeding DataRatereq, among all the selected CA configurations from Step 2.
Proposal 6:	Use the following approach for selection of CA configuration for NR FR2 Normal CA testing:
· Step 1: Select CA configurations, which contain CBW combinations with SNRTEmax higher or equal to SNRreq, among all supported CA configurations
· Step 2: Select CA configurations with maximum number of CCs, on which UE capability field supportedSubCarrierSpacingDL is equal to SCSreq, among all the selected CA configurations from Step 1
· Step 3: Select CA configurations with maximum number of CCs, on which UE capability field maxNumberMIMO-LayersPDSCH is higher or equal to νLayersreq, among all the selected CA configurations from Step 2
· Step 4: Select any one of CA configurations, which contain CBW combination with the largest data rate not exceeding DataRatereq and aggregated bandwidth with SNRTEmax higher or equal to SNRreq, among all the selected CA configurations from Step 3.
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