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Introduction
In RAN4 #95-e 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-FDD CA and TDD-TDD CA with different SCSs
In the previous RAN4 meeting the following agreements were reached on HARQ assumptions for TDD-FDD CA and TDD-TDD CA with different SCSs:
	· HARQ process number
	HARQ process number
	CCs with the same duplex mode & SCS with Pcell
	CCs with different duplex mode / SCS with Pcell

	FDD 15 kHz + TDD 30 kHz CA
	FDD PCell
	4
	8

	
	TDD PCell
	8
	8

	FDD 15 kHz + TDD 15 kHz CA
	FDD PCell
	4
	4

	
	TDD PCell
	8
	8

	TDD 15 kHz + TDD 30 kHz CA
	15kHz PCell
	8
	12 (Note 1)

	
	30kHz PCell
	8
	Option 1: 6
Option 2: 8

	Note 1: FFS scheduling details:
· Option 1: different RTTs (10 or 20 slots) are used for different HARQ processes, and initial transmission and retransmission are scheduled on the same type of TDD slot.
· Option 2: initial transmission and retransmission can be scheduled on different types of TDD slot


· Companies are encouraged to check the performance difference of scheduling options for TDD 15 kHz + TDD 30 kHz CA with 12 HARQ processes
· if no simulation results show there is performance impact by scheduling the initial transmission and retransmission in different types of slots, then no need to differentiate the two options in TS 38.101-4.


In Figure 1 we provide the illustration of two options for HARQ process for CC with 30 kHz SCS for TDD-TDD CA scenarios with different SCSs and 15 kHz PCell.
	

	[bookmark: _Ref47713682]Figure 1. HARQ scheduling for CC with 30 kHz for TDD-TDD CA scenario.


In Figure 2 we provide the simulation results with performance comparison of two HARQ scheduling options.
	
	

	[bookmark: _Ref47713784]Figure 2. Performance comparison of two HARQ scheduling options


Based on these results we can observe that performance difference is around 0.3 dB for 2 Rx and 4 Rx scenarios. Such difference is very negligible. Therefore, we suggest to use 12 HARQ process for CC with 30 kHz for TDD 15 kHz + TDD 30 kHz CA scenarios with 15 kHz PCell and without any clarification on HARQ processes scheduling in TS 38.101-4
Proposal 1:	No need to differentiate the two HARQ scheduling options for 30 kHz CCs for TDD 15 kHz + TDD 30 kHz CA scenarios with 15 kHz PCell in TS 38.101-4.
For PCell TDD 30kHz + SCell TDD 15kHz, we suggest to consider 8 HARQ process because it will be aligned with all assumptions (PDSCH scheduling, ACK/NACK transmission) which were used for single carrier requirements configuration.
Proposal 2:	Use 8 HARQ process for 15 kHz CCs for TDD 15 kHz + TDD 30 kHz CA scenarios with 30 kHz PCell.
Test applicability rule
In the previous RAN4 meeting the following agreements were reached on NR CA applicability rules:
	· Numerology in each CA duplex mode
· 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
· 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. 
· 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 all the supported CA capabilities, including intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with different numbers of bands.
· Selection of CA configuration(s) and CBW combination 
· Further discuss by taking into account:
· The supportedSubCarrierSpacingDL, maxNumberMIMO-LayersPDSCH and supportedModulationOrderDL are reported for each CC and scalingFactor are reported per band for FR1 and FR2.
· The testable SNR for FR2. 


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. Same time, we suggest to consider different from LTE approach for CA capability definition in TS, to avoid regular maintenance of these requirements once new CA configuration are defined in RF specifications (38.101-1 and 38.101-2). One of the possible solutions is to add references to sections 5.2A.1 and 5.5A.1 for FR1 intra-band continues CA capability, which contain all required information about supported CA scenarios. Same approach can be used for other CA capabilities.
Proposal 3:	Align categorizing of CA capabilities for NR Normal CA requirements with RF specifications. Use references to sections with CA configurations descriptions in RF specifications (for example, 5.2A and 5.5A) for definition of CA capabilities to avoid regular maintenance of TS 38.101-4.
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. Such approach will allow to test UE which support CA with X band and X CCs for full inter-band CA scenario. Same time, testing for CA scenario with Y band and X CCs (where Y < X) leads to testing of mixed CA scenarios (intra-band + inter-band). In this case, dedicated testing of intra-band looks rather redundant. Therefore, we suggest to test contiguous Intra-band, non-contiguous Intra-band and Inter-band with maximum number of bands to have rather good balance between test coverage and number of test.
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
Selection of CA configuration for testing
In the previous RAN4 meeting [1] it was agreed that CA configuration(s) and CBW for testing should be selected taking into account UE capability signalling on supported SCS, maximum supported number of MIMO layers, maximum supported modulation order, scaling factor and testable SNR limitations in FR2. 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 on 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 
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 cannot be tested due to limitation at TE side.
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.
1. 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:	No need to differentiate the two HARQ scheduling options for 30 kHz CCs for TDD 15 kHz + TDD 30 kHz CA scenarios with 15 kHz PCell in TS 38.101-4.
Proposal 2:	Use 8 HARQ process for 15 kHz CCs for TDD 15 kHz + TDD 30 kHz CA scenarios with 30 kHz PCell.
Proposal 3:	Align categorizing of CA capabilities for NR Normal CA requirements with RF specifications. Use references to sections with CA configurations descriptions in RF specifications (for example, 5.2A and 5.5A) for definition of CA capabilities to avoid regular maintenance of TS 38.101-4.
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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