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

	· 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

· 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

· Receiver type: MMSE-IRC 

· Not cover 16 HARQ processes

· PDSCH scheduling: 

· Self-carrier scheduling for each carrier

· PUCCH capacity

· Check if there is PUCCH capacity issue for the maximum numbers of CCs in the Sep version of Rel-16 core spec 

· HARQ process number for TDD-FDD CA: FFS

· Single carrier performance for TDD-FDD CA

· Further discuss whether the requirement of one TDD/FDD carrier in TDD-TDD/ FDD-FDD CA can be applied for TDD-FDD CA with TDD Pcell or FDD Pcell.

· 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


In this contribution, we share our simulation results as per the agreed simulation assumptions shown above.

2   Discussion

2.1   PUCCH group for ACK/NACK feedback
For CA with mixed numerology, we need to first decide the PUCCH group used for the ACK/NACK feedback, two NR PUCCH group with same or different numerology is an optional feature, and we think one PUCCH group should be used for NR CA with same and mixed numerology. No UL CA is assumed and PUCCH should be transmitted on PCell.
Proposal 1: One PUCCH group should be assumed for NR CA cases with same and mixed numerology, and PUCCH is transmitted on the PCell with no UL CA assumption.

2.2   Number of HARQ process for TDD-FDD CA
RAN4 agreed to reuse the number of HARQ process of Rel-15 single carrier performance requirements for FDD CA and TDD CA [2]

· Baseline
· FR1 FDD: 4
· FR1 TDD with 30 kHz SCS: 8
· FR2 TDD with 120 kHz SCS: 8

The number of HARQ process for Rel-15 single carrier performance requirements is decided as per the duplex mode, SCS, specific TDD UL-DL pattern and PDSCH processing capability 1 defined in Table 5.3-1 of TS 38.214. For CA, as per the core specification section 5.3 of TS 38.214:
If the UE is configured with multiple active component carriers, the first uplink symbol which carries the HARQ-ACK information further includes the effect of timing difference between the component carriers as given in [11, TS 38.133].
Additional effect of receive timing difference between the CCs should be included as shown below:
	Table 7.6.4-1: Maximum receive timing difference requirement for intra-band non-contiguous NR carrier aggregation
Frequency Range

Maximum receive timing difference (µs) 

FR1

31
FR2

0.26

Note 1: 
In the case of different SCS on different CCs, if the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.
Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
Frequency Range of the pair of carriers

Maximum receive timing difference (µs) 

FR1

33

FR2

8

Between FR1 and FR2

25 



The specific number of HARQ process for the TDD-FDD CA with different numerology is still FFS, based on the assumptions of no UL CA, the specific number of HARQ process for both PCell and SCell needs to be analyzed based on the specific SCS of PCell and SCell for FDD 15kHz SCS + TDD 30kHz SCS with TDD configuration of 7DS2U with S=6:4:4, as shown in the following Figure 1, we can get the corresponding number of HARQ process number as summarized in Table 1.
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Figure 1: HARQ timing for NR CA of FDD 15kHz SCS + TDD 30kHz SCS with TDD pattern 7D1S2U
Table 1: NR HARQ process number for CA
	Scenario
	LTE CA
	HARQ process number

	1
	FDD-FDD CA
	4

	2
	TDD-TDD CA
	8

	3
	TDD-FDD CA
	FDD PCell
	5 for FDD CC and 8 for TDD CC

	4
	
	TDD PCell (30kHz SCS)

7D1S2U, S=6:4:4
	5 for FDD CC; 12 for TDD CC


Proposal 2: Consider to use the number of HARQ process for scenario 3 and scenario 4 of CA with mixed numerology as shown in Table 1:

· FDD PCell: 5 for FDD CC and 8 for TDD CC
· TDD PCell: 5 for FDD CC; 12 for TDD CC
2.3   PUCCH capability for CA
As per the core specification, at most 4 PUCCH resource set can be configured (maxNrofPUCCH-ResourceSets               INTEGER ::= 4) with the maxPayloadSize = (4..256) to be transmitted by using one PUCCH resource set; The maximum number of bits for Polar coding is K=1706; If (
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for the TB segmentation. For different number of ACK bits, the corresponding required number of CC per PUCCH group can be calculated as following:
	
	Total number of HARQ-ACK information bits, 
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	The number of CBG per TB
	The number of TBs per slot
	the cardinality of set 
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	The number of CC per PUCCH group

	Case 1
	256
	1
	1
	8
	32

	Case 2
	360
	1
	1
	8
	45

	Case 3
	1013
	1
	1
	8
	127

	Case 4
	1706
	1
	1
	8
	213


The maximum number of aggregated DL CCs defined so far is 8, even more number of DL CCs are aggregated in the future, and the current NR PUCCH capability is enough for the ACK/NACK feedback transmission.
Observation: No PUCCH capability limitation for HARQ ACK/NACK feedback transmission for NR CA.
2.4   Test parameters for FR2
· 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
Consider the practical use case for FR2 rank, we prefer to option 2, i.e. Rank 1. Consider the high frequency and wide bandwidth for FR2, QPSK modulation is more practical than others. 
Proposal 3: Choose FR2 Rank 1, FR2 MCS 4 for FR2 CA cases 
2.5   Test applicability rule

Following open issues are listed for CA test applicability rules in RAN4#92Bis:

· 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

CA duplex mode: operators may deploy NR by using different duplex modes as per the available spectrum resources, to support the world roaming, UE should support different CA duplex mode defined by RF group and UE should be tested against on different duplex mode to ensure the related implementation.
CA capability category: 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, inter-band CA and intra-band non-contiguous CA and different number of aggregated bands. For example from TS 36.101：
Table 8.1.2.2-5: Definition of CA capability with 4 DL CCs
	CA Capability
	CA Capability Description

	CA4_C
	Intra-band contiguous CA

	CA4_A2
	Inter-band CA (two bands)

	CA4_A3
	Inter-band CA (three bands)

	CA4_A4
	Inter-band CA (four bands)

	CA4_N2
	Intra-band non-contiguous CA (with two sub-blocks)

	NOTE 1:
CA4_C corresponds to E-UTRA CA configurations and bandwidth combination sets defined in Table 5.6A.1-1 for 3 DL CCs. 
CA4_A2 corresponds to E-UTRA CA configurations and bandwidth combination sets defined in Table 5.6A.1-2 for 3 DL CCs. 
CA4_A3 corresponds to E-UTRA CA configurations and bandwidth combination sets defined in and Table 5.6A.1-2a for 3 DL CCs.


CA4_A4 corresponds to E-UTRA CA configurations and bandwidth combination sets defined in and Table 5.6A.1-2b for 4 DL CCs 
CA4_N2 corresponds to E-UTRA CA configurations and bandwidth combination sets defined in Table 5.6A.1-3 for 3 DL CCs.


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 is unreasonable to list all CA capability defined for different number DL CCs as did in LTE. It is feasible to only list intra-band contiguous CA, inter-band CA and intra-band non-contiguous CA for different frequency range, i.e. FR1, FR2 and FR1+FR2, as per the current core specification, there are the following CA capabilities are defined:

Table 2.7-1: The CA capability defined for different frequency range
	Frequency range
	Intra-band contiguous CA
	Intra-band non-contiguous CA
	Inter-band CA

	FR1
	TDD CA and FDD CA
	TDD CA and FDD CA
	FDD CA, TDD CA, TDD-FDD CA

	FR2 (TDD only)
	TDD
	TDD
	×

	FR1 and FR2
	×
	×
	FDD-TDD, TDD-TDD


Testing of different CA capabilities, CA configurations and CBW combinations: there are very heavy burden to figure out and list all testable aggregated CA bandwidth combinations for different CA capabilities with different number DL CCs among 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 given number of CCs, considering that 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, to avoid unnecessary heavy maintenance work for the 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: 

Table 2.7-2: Applicability and test rules for CA UE demodulation tests with different number of DL CCs
	Tests
	CA capability where the tests apply
	CA configuration from the selected CA capability where the tests apply
	CA Bandwidth combination to be tested in priority order

	All CA tests
	Any one of the supported CA capabilities with largest aggregated CA bandwidth combination
	Any one of the supported FDD/TDD CA configurations with largest aggregated CA bandwidth combination
	Largest aggregated CA bandwidth combination with the largest number of CCs


Proposal 4: For the test applicability rule, we have the following proposal:

· UE should be tested for all the supported CA duplex mode

· CA capability category: intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA as per the different frequency range FR1, FR2 and FR1+FR2

· Testing of different CA capabilities, CA configurations and CBW combinations: 

	Tests
	CA capability where the tests apply
	CA configuration from the selected CA capability where the tests apply
	CA Bandwidth combination to be tested in priority order

	All CA tests
	Any one of the supported CA capabilities with largest aggregated CA bandwidth combination
	Any one of the supported FDD/TDD CA configurations with largest aggregated CA bandwidth combination
	Largest aggregated CA bandwidth combination with the largest number of CCs


3   Proposals
In this contribution, we share our views on those open issues for NR CA normal performance requirements, and our proposals are:

Observation: No PUCCH capability limitation for HARQ ACK/NACK feedback transmission for NR CA.
Proposal 1: One PUCCH group should be assumed for NR CA cases with same and mixed numerology, and PUCCH is transmitted on the PCell with no UL CA assumption.

Proposal 2: Consider to use the number of HARQ process for scenario 3 and scenario 4 of CA with mixed numerology as shown in Table 1:

· FDD PCell: 5 for FDD CC and 8 for TDD CC
· TDD PCell: 5 for FDD CC; 12 for TDD CC
Proposal 3: Choose FR2 Rank 1, FR2 MCS 4 for FR2 CA cases 
Proposal 4: For the test applicability rule, we have the following proposal:

· UE should be tested for all the supported CA duplex mode

· CA capability category: intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA as per the different frequency range FR1, FR2 and FR1+FR2

· Testing of different CA capabilities, CA configurations and CBW combinations: 

	Tests
	CA capability where the tests apply
	CA configuration from the selected CA capability where the tests apply
	CA Bandwidth combination to be tested in priority order

	All CA tests
	Any one of the supported CA capabilities with largest aggregated CA bandwidth combination
	Any one of the supported FDD/TDD CA configurations with largest aggregated CA bandwidth combination
	Largest aggregated CA bandwidth combination with the largest number of CCs
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