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

2   Discussion

2.1   Requirements for TDD-FDD / TDD-TDD CA with different numerology
· Pcell configuration for performance requirements

· Option 1: Reuse single carrier performance for CA, and no matter which cell is Pcell for the requirements.
· Option 2: 
· For CA with different SCSs, define requirements for both 15kHz Pcell and 30kHz Pcell.
· For FDD + TDD CA with 15 kHz SCS, define requirements for both FDD 15 kHz Pcell and TDD 15 kHz Pcell
· Option 3: Decide after conclusion on “Pcell configuration for the test” will be reached
Based on the evaluations from companies and RAN4 agreed to reuse single carrier FDD and TDD requirements for FDD-TDD CA and TDD CA with different SCS [1], because the evaluations are conducted for Cell acted as PCell or SCell with different number of HARQ processes, we understand the Option 1 is the agreement reached in last meeting, then we can derive the requirements that are agnostic to the PCell or SCell. The shared the draft specification structure for performance requirements definition agnostic to the specific PCell or SCell [3], additional clarification about the PCell can be added after RAN4 reaches the agreement for PCell configuration for the test.
Observation 1: The performance requirements can be defined agnostic to the specific PCell or SCell.

The key issue is the PCell configuration for the real testing:
· Pcell configuration for the test
· 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 4: 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
· Option 5: If Pcell in both carriers are supported, both FDD and TDD cell should be tested as Pcell for TDD-FDD CA and configure 30 kHz SCS cell as Pcell in TDD 15+30kHz SCS CA
· Note: Companies are encouraged to check if there are UE capability signalling which allows to check whether UE supports TDD PCell or FDD PCell and whether UE supports15 kHz PCell or 30 kHz PCell  
Option 1 is the most flexible test applicability, but to unify the test setup for all tests and avoid possible duplicated test on request for different deployments, it is necessary to explicitly configure the PCell. As per the agreement for numerology in each CA duplex mode [1]:
· 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
The related UE capabilities for CA defined in TS 38.331 are listed:

CA-ParametersNR ::=                 SEQUENCE {

    dummy                                         ENUMERATED {supported}      OPTIONAL,

    parallelTxSRS-PUCCH-PUSCH                     ENUMERATED {supported}      OPTIONAL,

    parallelTxPRACH-SRS-PUCCH-PUSCH               ENUMERATED {supported}      OPTIONAL,

    simultaneousRxTxInterBandCA                   ENUMERATED {supported}      OPTIONAL,

    simultaneousRxTxSUL                           ENUMERATED {supported}      OPTIONAL,

    diffNumerologyAcrossPUCCH-Group               ENUMERATED {supported}      OPTIONAL,

    diffNumerologyWithinPUCCH-GroupSmallerSCS     ENUMERATED {supported}      OPTIONAL,
    supportedNumberTAG                            ENUMERATED {n2, n3, n4}     OPTIONAL,

    ...

}

CA-ParametersNR-v1560 ::=           SEQUENCE {

    diffNumerologyWithinPUCCH-GroupLargerSCS      ENUMERATED {supported}            OPTIONAL
}
From above, we can know supporting up to two different numerology across carrier within a PUCCH group is Optional with UE capability, supporting PUCCH sent on the carrier with smaller or larger SCS for data and control channel at a given time is also Optional with UE capability.
For TDD-FDD CA of FDD 15kHz + TDD 30kHz and FDD 15kHz + TDD 15kHz, FDD 15kHz + TDD 30kHz has higher priority if UE supports both, and TDD 30kHz should be the most typical subcarrier spacing for PCell considering the larger bandwidth compared to 15kHz SCS, it is better to use cell with 30kHz SCS as PCell in FDD 15kHz + TDD 30kHz CA and 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, i.e. Option 4., example for CA with 2 CCs:
	CA Duplex mode
	PCell
	SCell

	FDD 15 kHz SCS + FDD 15 kHz SCS
	FDD 15 kHz SCS
	FDD 15 kHz SCS

	FDD 15 kHz SCS + TDD 15 kHz SCS
	FDD 15 kHz SCS
	TDD 15 kHz SCS

	TDD 30 kHz SCS + FDD 15 kHz SCS
	TDD 30 kHz SCS
	FDD 15 kHz SCS

	TDD 30 kHz SCS + TDD 15 kHz SCS
	TDD 30 kHz SCS
	TDD 15 kHz SCS

	TDD 30 kHz SCS + TDD 30 kHz SCS
	TDD 30 kHz SCS
	TDD 30 kHz SCS


Proposal 1: Adopt Option 4, i.e. 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.
2.2   Test applicability rule

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. 
As per the previous discussion, company has common understanding that NR should minimize future specification maintenance, whatever Option 1 and Option 2, the specification reference to corresponding tables for intra-band contiguous CA, intra-band non-contiguous CA and inter-band defined in TS 38.101-1/2/3 should be used, there is no essential difference for Option 1 and Option 2 if we do not combine Categorizing of CA capabilities discussion with the test of different capabilities. The related draft specification structure as per our understanding for Option 1 and Option 2 looks like the following:
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 [6].


Further maintenance is needed to update the CA capability definition with inter-band CA with more number of aggregated band introduced, but the maintenance effort is acceptable.

Observation 2: No essential difference for Option 1 and Option 2 for CA capability categorizing if specification reference method is used and CA capability definition is not combined with test of different CA capabilities. 
For the test of different CA capabilities 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 all the supported CA capabilities, including intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with different numbers of bands.
From our understanding, if UE can support inter-band CA with larger number of bands, it definitely can support and pass the related performance requirements for inter-band CA with smaller number of bands, it is not necessary to test inter-band CA with different number of bands.
Proposal 2: Choose Option 1, i.e. test intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with the largest number of bands for test of different CA capabilities.

· 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. 
Core specification TS 38.331 defines the following UE capabilties:

FeatureSetDownlinkPerCC ::=         SEQUENCE {

    supportedSubcarrierSpacingDL        SubcarrierSpacing,

    supportedBandwidthDL                SupportedBandwidth,

    channelBW-90mhz                     ENUMERATED {supported}                      OPTIONAL,

    maxNumberMIMO-LayersPDSCH           MIMO-LayersDL                               OPTIONAL,

    supportedModulationOrderDL          ModulationOrder                             OPTIONAL
}

The set of per CC NR UE capabilities shown above are considered in NR Rel-15 CA SDR tests to find the maximum data rate supported by UE. For NR normal CA performance requirements, the supported subcarrier spacing is reflected during verification to select the correct set of tests, specific MIMO layer and MCS are included in the performance requirements, the only left factor needs to consider is the largest CA bandwidth combination based on the supported maximum DL channel bandwidth supported for a given SCS that UE supports within a single CC, so from our point of view, following LTE logic to select the CA with the largest CA bandwidth combination for different number of CA capabilities, additionally considering the largest number of aggregated CC or bands for intra-band contiguous/non-contiguous CA and inter-band CA respectively.
In a summary, we propose the following test applicability rule for NR UE CA normal performance requirements:
Proposal 3: Adopt the following test applicability rule for selection of CA configurations and CBW combination for test: 

· 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
3   Proposals
In this contribution, we further share our views on those open issues for NR CA normal performance requirements, and our observations and proposals are:
Observation 1: The performance requirements can be defined agnostic to the specific PCell or SCell.

Observation 2: No essential difference for Option 1 and Option 2 for CA capability categorizing if specification reference method is used and CA capability definition is not combined with test of different CA capabilities. 

Proposal 1: Adopt Option 4, i.e. 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.
Proposal 2: Choose Option 1, i.e. test intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with the largest number of bands for test of different CA capabilities.

Proposal 3: Adopt the following test applicability rule for selection of CA configurations and CBW combination for test: 

· 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
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