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1   Background
During RAN4#92Bis meeting, way forward on PDSCH CA normal demodulation requirements was approved [1] with the following open issues:
	· Test design:

· Develop the methodology in a forward compatible way.

· For the exact CA capability and single CC channel bandwidth, FFS based on the Rel-15/16 core spec.

· Channel bandwidth and SCS for requirements: 

· Option 1: All configurable channel bandwidths for all the configurable SCSs 

· Note: not consider FR1 60kHz SCS

· Option 2: Down-select considering the CA configurations in the core spec

· Option 2a: Down-select to ensure each CA configuration can be tested. 

· Option 2b: Down-select to ensure the maximum aggregated channel bandwidth combination for each CA configuration can be tested.

· For option 2a/2b

· Till March 2020, focus on the CA configuration in Rel-16 June 2019 version

· From March 2020, cover the CA configurations in Rel-16 Mar 2020 version

· FFS scenarios with different SCS on different CCs

· Rank:

· For 2Rx 

· Option 1: rank 1, 2 
· Option 2: rank 1 
· Option 3: rank 2  
· For 4Rx 

· Option 1: rank 1 or rank 2
· Option 2: rank 1, 2 
· Option 3: rank 1, 2, 3, and 4
· MCS:

· Option 1: MCS 13 (16QAM, CR 1/2) 

· Option 2: cover QPSK, 16QAM,  64QAM and 256QAM in different tests

· Other options are not precluded 

· Receiver type:

· MMSE-IRC, FFS for R-ML

· HARQ process number:

· Baseline

· FR1 FDD: 4

· FR1 TDD with 30 kHz SCS: 8

· FR2 TDD with 120 kHz SCS: 8

· FFS: 16 HARQ process for limited CA configuration(s)/band combination(s)

· Test applicability rule

· FFS categorizing of CA capabilities

· FFS on test of different CA capabilities

· FFS on test applicability for different CA duplex mode 

· FFS on selection of CA configuration(s) for test among supported CA configurations

· FFS on selection CBW combination for test for selected CA configuration

· Work prioritization: Discuss the prioritization of the work regarding different test configurations




In this contribution, we share our views on the UE demodulation requirements for CA related shown above.

2   Discussion

2.1   Channel bandwidth and SCS
How to select the single channel bandwidth and SCS for the normal CA demodulation requirements, several options were listed from whether to ensure all CA configurations can be tested or Rel-15/Rel-16 specification should be considered. We think to ensure the work future-proof and in a forward compatible way, all the channel bandwidth listed in the current specifications, such as Rel-15 specification or Rel-16 June 2019 version, should be considered for FR1 and FR2. Considering the real network deployment, the requirements should focus on 15kHz SCS for FR1 FDD and 30kHz SCS for FR1 TDD, 120kHz SCS for FR2 TDD as did for single carrier in Rel-15. But to reduce the test efforts and ensure the UE CA normal requirements test, the corresponding test applicability rule should be defined.
Proposal 1: Define performance requirements for all channel bandwidths listed in TS 38.101-1[3] and TS 38.101-2[4] for FR1 and FR2 by focusing on 15kHz SCS for FR1 FDD, 30kHz SCS for FR1 TDD and 120kHz SCS for FR2 TDD by reusing LTE per CC structure for NR Rel-16 CA PDSCH performance requirements.

LTE defines the CA capability as per the different number of DL CCs, such as 2DL CCs, 3 DL CCs etc., and the specific CA capability types are listed as per RF definitions, as per the intra-band contiguous CA, inter-band CA and intra-band non-contiguous CA for different number of CCs or 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 kinds of bandwidth class with different fallback groups and more complex CA band combinations, it is unreasonable to list all CA capability defined for different number DL CCs as did in LTE. There are heavy burden to introduce additional bandwidth combination for different CA capability in LTE, NR should avoid such work methodology as much as possible to make efficient and future-proof work, also demodulation requirements are agnostic to the 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. Considering the huge number of CA combinations, LTE is using the applicability rule: select any one of the supported CA capabilities with the largest aggregated CA bandwidth combination -> select any one of the supported CA configurations with the largest aggregated CA bandwidth combination for one duplex mode -> select the largest aggregated CA bandwidth combination for the CA test, UE can be completely tested by using such applicability rule and make the demodulation requirements easy maintenance forever.
Table 2.1-1: The CA capability defined for different frequency range
	Frequency range
	Intra-band contiguous CA
	Intra-band non-contiguous CA
	Inter-band CA

	FR1
	Up to 4 DL CCs: TDD and FDD
	2 sub-blocks with single CA bandwidth class: TDD and FDD
	Up to three bands:
FDD CA, TDD CA, TDD-FDD CA

	FR2 (TDD only)
	Up to 8 DL CCs 
	· With single CA bandwidth class

· With more than one (two, three) CA bandwidth class
	×

	FR1 and FR2
	×
	×
	Inter-band CA between FR1 and FR2 (two bands):
FDD-TDD, TDD-TDD


Operators may deploy NR by using different duplex modes as per the available spectrum resources, UE should be tested against on different duplex mode by following the same applicability rules.
Proposal 2: Define Applicability and test rules for NR CA normal demodulation requirements: firstly choose any one of the supported CA capabilities with the largest aggregated CA bandwidth combination, then choose any one of the supported CA configurations with the largest aggregated CA bandwidth combination for each supported duplex mode from the selected CA capability, then choose the largest aggregated bandwidth combination for test, if more than one CA configurations with the same largest aggregated bandwidth combination, the CA configuration with the largest number of DL CCs is selected.
TDD-FDD CA is specified in specification TS 38.101-1[3], as per the real NR use cases for FR1, FDD band with 15 kHz SCS and TDD band with 30 kHz SCS are used. For the NR CA between FR1 and FR2 with mixed numerology, only FR2 can be verified, also SDR test for NR CA between FR1 and FR2 is defined in section 9.4A.1 of TS 38.101-4[6] to verify UE support NR CA between FR1 and FR2, it is not necessary to define the performance requirements again. So if RAN4 agrees to define CA normal demodulation performance requirements with mixed numerology, we think that only FR1 CA with FDD 15 kHz SCS and TDD 30 kHz SCS can be considered.
Proposal 3: Only consider to define CA normal performance requirements with mixed numerology for FR1 CA with FDD 15 kHz SCS and TDD 30 kHz SCS.
2.2   Simulation assumptions
RAN4 defined the demodulation performance requirements for different rank in Release 15 for single carrier, we do not think it is necessary to traverse all ranks again in CA performance requirements, we prefer to choose rank 1 for 2Rx and rank 2 for 4Rx. Similar logic, RAN4 defined the demodulation performance requirements for different modulation orders in tests for single carrier, it is not necessary again to traverse different modulation orders in CA performance requirements again, option 1 of MCS 13 (16QAM, CR 1/2) is ok for us. R-ML receiver is an optional without capability signaling feature, also related performance requirements are defined in Release 15, it is not necessary to verify it again in CA performance requirements.

16 HARQ process is already verified in the single carrier test, no additional features can be tested by defining related requirements for CA.
Proposal 4: Choose the following simulation assumptions:

· Rank: rank 1 for 2Rx, rank 2 for 4Rx

· MCS: MCS 13 (16QAM, CR 0.48)

· Receiver type: MMSE-IRC only

· No additional CA requirements to test support of 16 HARQ process.
3   Proposals
In this contribution, we share our views on the NR CA normal performance requirements definition, and our proposals are:
Proposal 1: Define performance requirements for all channel bandwidths listed in TS 38.101-1[3] and TS 38.101-2[4] for FR1 and FR2 by focusing on 15kHz SCS for FR1 FDD, 30kHz SCS for FR1 TDD and 120kHz SCS for FR2 TDD by reusing LTE per CC structure for NR Rel-16 CA PDSCH performance requirements.
Proposal 2: Define Applicability and test rules for NR CA normal demodulation requirements: firstly choose any one of the supported CA capabilities with the largest aggregated CA bandwidth combination, then choose any one of the supported CA configurations with the largest aggregated CA bandwidth combination for each supported duplex mode from the selected CA capability, then choose the largest aggregated bandwidth combination for test, if more than one CA configurations with the same largest aggregated bandwidth combination, the CA configuration with the largest number of DL CCs is selected.
Proposal 3: Only consider to define CA normal performance requirements with mixed numerology for FR1 CA with FDD 15 kHz SCS and TDD 30 kHz SCS.
Proposal 4: Choose the following simulation assumptions:

· Rank: rank 1 for 2Rx, rank 2 for 4Rx

· MCS: MCS 13 (16QAM, CR 0.48)

· Receiver type: MMSE-IRC only

· No additional CA requirements to test support of 16 HARQ process.
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