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1. Introduction

In RAN4 #93 meeting, the way forward and simulation assumptions for PDSCH CA normal demodulation requirements was approved in [1] and [2] respectively. This contribution discusses the open issues listed in the WF.
2. Discussion
2.1  Rank and MCS for FR2
In the last meeting, the following agreements were reached regarding the rank and MCS for FR2:

· Rank and MCS for FR2
· Option 1: rank 2 and MCS 10 
· Option 2: rank 1 and MCS 13
· Down-select to one option
For the two options, companies’ simulation results submitted to RAN4 #93 were summarized in the ad-hoc minutes [3], and copied below in Table 1.
Table 1: Summary of results submitted to RAN4 #93
	SNR at 70% TP (dB)
	 Rank 2, MCS 10
	Rank 1, MCS 13

	China Telecom
	8.9
	

	Intel
	8.1
	5.0

	Ericsson (400MHz CBW)
	7.8
	5.1

	Average alignment result
	8.3
	5.1

	Average alignment result + 
~2dB (IM and extra margin)
	10.3
	7.1


Based on these simulation results and the feasible FR2 SNR levels provided in [4], it is seen that rank 2 MCS10 can be tested for band n260 with 800MHz channel bandwidth. Moreover, considering the test purpose of verifying CA high throughput under fading channel, we think it is quite reasonable to select option 1, i.e., rank 2 and MCS 10.
Proposal 1: For FR2, use rank 2 and MCS 10.
2.2  Tx antenna number

The number of Tx antennas has not been mentioned in the previous WFs. To us, it is straightforward to use 2 Tx, to simplify the test setup.

Proposal 2: For FR1 and FR2, use 2Tx antennas.
2.3  TDD-FDD CA and TDD-TDD CA with different SCSs
2.3.1
Definition of performance requirements

In the last meeting, the following agreements were reached regarding the definition of performance requirements for different Pcell:
· FDD 15 kHz + TDD 30 kHz CA and FDD 15 kHz + TDD 15 kHz CA
· FFS whether requirements will be defined for FDD PCell and TDD Pcell

· If Pcell in both carriers are supported, the performance for FDD Pcell and FDD Scell is similar and the performance for TDD Pcell and TDD Scell is similar, FFS which one is used for the tests.

· TDD 15 kHz + TDD 30 kHz CA

· FFS whether requirements will be defined for 15 kHz PCell and 30 kHz Pcell

· If Pcell in both carriers are supported, the performance for 15kHz Pcell and 15 kHz Scell is similar and the performance for 30 kHz Pcell and 30 kHz Scell is similar, FFS which one is used for the tests.

In TS 38.306, different capabilities are defined for Pcell on larger SCS (i.e., diffNumerologyWithinPUCCH- GroupLargerSCS) and Pcell on smaller SCS (i.e., diffNumerologyWithinPUCCH-GroupSmallerSCS), where Pcell is the cell carrying PUCCH; and there is no capability defined for NR TDD Pcell and FDD Pcell. Thus, for FDD 15 kHz + TDD 30 kHz CA and TDD 15 kHz + TDD 30 kHz CA, demodulation performance requirements need to be defined for 15kHz SCS Pcell and 30kHz SCS Pcell. For FDD 15 kHz + TDD 15 kHz CA, to simplify the demod spec maintenance, we prefer to define performance requirements for FDD 15 kHz Pcell and TDD 15 kHz Pcell.

For one UE, if Pcell in both carriers are supported, the test applicability will be discussed in section 2.4.
Proposal 3: For FDD 15 kHz + TDD 30 kHz CA and TDD 15 kHz + TDD 30 kHz CA, define requirements for 15kHz SCS Pcell and 30kHz SCS Pcell. For FDD 15 kHz + TDD 15 kHz CA, define requirements for FDD 15 kHz Pcell and TDD 15 kHz Pcell.
2.3.2
HARQ process number
In the last meeting, the following agreements were reached regarding HARQ process number:
· HARQ process number for FDD 15 kHz + TDD 30 kHz CA 
· Pcell: 4 for FDD and [8 or 10] for TDD
· Scell: FFS
· HARQ process number for FDD 15 kHz + TDD 15 kHz CA: FFS
· HARQ process number for TDD 15 kHz + TDD 30 kHz CA: FFS
In LTE, the HARQ process number used for FDD-FDD CA, TDD-TDD CA and TDD-FDD CA is summarized in the following table. 

Table 2: LTE HARQ process number for CA

	LTE CA
	HARQ process number

	FDD-FDD CA
	8

	TDD-TDD CA
	7

	TDD-FDD CA
	FDD PCell
	8 for FDD and TDD CCs

	
	TDD PCell
	7 for TDD CC, 11 for FDD CC


Considering the HARQ process number for NR CA, not only TDD-FDD CA but also TDD-TDD CA with different SCSs need to be discussed.
Firstly, for FR1 TDD-FDD CA and TDD-TDD CA with different SCSs, i.e., FDD 15 kHz + TDD 30 kHz, FDD 15 kHz + TDD 15 kHz, TDD 15 kHz + TDD 30 kHz, the HARQ process number for Pcell can be same with that for single carrier PDSCH test.
Proposal 4-1: For FDD 15 kHz + TDD 30 kHz CA, FDD 15 kHz + TDD 15 kHz CA and TDD 15 kHz + TDD 30 kHz CA, the HARQ process number for Pcell is same with that for single carrier test.
Then, we will discuss the HARQ process number for the Scell for the following 6 cases. Note that according to TS 38.331 [5], the number of HARQ processes to be used on the PDSCH can be configured as 2, 4, 6, 8, 10, 12, 16, and the default number is 8.

· Case a: HARQ process number for TDD 30 kHz Scell with FDD 15 kHz Pcell
· Case b: HARQ process number for FDD 15 kHz Scell with TDD 30 kHz Pcell
· Case c: HARQ process number for TDD 15 kHz Scell with FDD 15 kHz Pcell

· Case d: HARQ process number for FDD 15 kHz Scell with TDD 15 kHz Pcell
· Case e: HARQ process number for TDD 30kHz Scell with TDD 15 kHz Pcell
· Case f: HARQ process number for TDD 15kHz Scell with TDD 30 kHz Pcell
Case a: HARQ process number for TDD 30 kHz Scell with FDD 15 kHz Pcell
The HARQ process for TDD Scell in FDD 15 kHz + TDD 30 kHz CA is demonstrated in Figure 1, where the red line indicates the slot for A/N feedback in Pcell. It is seen that the round-trip time (from HARQ initial transmission to re-transmission) for all the HARQ processes is 10 slots, which resulting in 8 HARQ processes for TDD Scell.
Proposal 4-2: In FDD 15 kHz Pcell + TDD 30 kHz Scell CA, the HARQ process number for TDD Scell is 8.
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Figure 1: HARQ process for TDD Scell in FDD 15 kHz + TDD 30 kHz CA
Case b: HARQ process number for FDD 15 kHz Scell with TDD 30 kHz Pcell
The HARQ process for FDD Scell in FDD 15 kHz + TDD 30 kHz CA is demonstrated in Figure 2, where the red line indicates the slot for A/N feedback in Pcell. It is seen that the round-trip time (from HARQ initial transmission to re-transmission) for all the HARQ processes is 8 slots, which resulting in 8 HARQ processes for FDD Scell.

Proposal 4-3: In TDD 30 kHz Pcell + FDD 15 kHz Scell CA, the HARQ process number for FDD Scell is 8.
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Figure 2: HARQ process for FDD Scell in FDD 15 kHz + TDD 30 kHz CA
Case c: HARQ process number for TDD 15 kHz Scell with FDD 15 kHz Pcell
For FDD 15 kHz + TDD 15 kHz CA with FDD Pcell, the slot length in FDD cell and TDD cell is the same, and more uplink resource for A/N feedback is available in FDD Pcell compared to TDD cell. So for TDD Scell, the HARQ timing and the HARQ process number can be kept as the same as that for single carrier test.

Proposal 4-4: In FDD 15 kHz Pcell + TDD 15 kHz Scell CA, the HARQ process number for TDD Scell is 8.
Case d: HARQ process number for FDD 15 kHz Scell with TDD 15 kHz Pcell
The HARQ process for FDD Scell in TDD 15 kHz + FDD 15 kHz CA is demonstrated in Figure 3, where the red line indicates the slot for A/N feedback in Pcell. It is seen that the round-trip time (from HARQ initial transmission to re-transmission) for all the HARQ processes is 8 slots, which resulting in 8 HARQ processes for FDD Scell.

Proposal 4-5: In TDD 15 kHz Pcell + FDD 15 kHz Scell CA, the HARQ process number for FDD Scell is 8.
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Figure 3: HARQ process for FDD Scell in TDD 15 kHz + FDD 15 kHz CA
Case e: HARQ process number for TDD 30kHz Scell with TDD 15 kHz Pcell
The HARQ process for 30kHz SCS Scell in TDD 15 kHz + TDD 30 kHz CA is demonstrated in Figure 4, where the red line indicates the slot for A/N feedback in Pcell. It is seen that the round-trip time (from HARQ initial transmission to re-transmission) is 10 slots HARQ process #2~5, and is 20 slots for HARQ process #0~1, 6~11, which resulting in 12 HARQ processes for 30kHz SCS Scell.

Proposal 4-6: In TDD 15 kHz Pcell + TDD 30 kHz Scell CA, the HARQ process number for 30kHz Scell is 12.
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Figure 4: HARQ process for 30kHz SCS Scell in TDD 15 kHz + TDD 30 kHz CA
Case f: HARQ process number for TDD 15kHz Scell with TDD 30 kHz Pcell
For TDD 15 kHz + TDD 30 kHz CA, the DL and UL allocation are aligned in two carriers with different SCSs. Considering that the slot length is shorter in Pcell with 30kHz SCS, the HARQ timing can be kept as the same as that for single carrier test for 15kHz SCS Scell.
Proposal 4-7: In TDD 30 kHz Pcell + TDD 15 kHz Scell CA, the HARQ process number for 15kHz Scell is 8.
The summary of proposal 4-1 to proposal 4-7 is given in table 3.
Proposal 4: Summary of proposed HARQ process number for NR FDD 15 kHz + TDD 30 kHz CA, FDD 15 kHz + TDD 15 kHz CA and TDD 15 kHz + TDD 30 kHz CA.
Table 3: Summary of proposed HARQ process number for NR CA
	NR CA
	HARQ process number

	FDD 15 kHz + 
TDD 30 kHz CA
	FDD PCell
	4 for FDD CC; 8 for TDD CC

	
	TDD PCell
	8 for TDD CC; 8 for FDD CC

	FDD 15 kHz + 
TDD 15 kHz CA
	FDD PCell
	4 for FDD CC; 8 for TDD CC

	
	TDD PCell
	8 for TDD CC; 8 for FDD CC

	TDD 15 kHz + 
TDD 30 kHz CA
	15kHz SCS PCell
	8 for 15 kHz CC; 12 for 30 kHz CC

	
	30kHz SCS PCell
	8 for 30 kHz CC; 8 for 15 kHz CC


2.3.3
Single carrier performance for TDD-FDD CA and TDD-TDD CA with different SCSs
As known, the PDSCH performance can vary with the HARQ process number. If there is no soft buffer issue, the potential performance difference with different HARQ process numbers comes from the time-domain diversity gain between the first transmission and HARQ retransmissions, i.e., the round-trip time from HARQ initial transmission to re-transmission.
In the next, we will run link-level simulation to compare the performance with different round-trip time for TDD 30kHz Scell with TDD 15 kHz Pcell, using the simulation parameters agreed in [2].
Table 4:
Link-level performance for TDD 30kHz Scell
	HARQ process id
	Round-trip time
	Required SNR at 70% TP

	2~5
	10 slots
	12.36 dB

	0~1, 6~11
	20 slots
	12.28 dB


It is seen that the performance difference at 70% throughput is negligible for round-trip time of 10 slots and 20 slots.
Observation 1: The link-level performance difference at 70% throughput is negligible for round-trip time of 10 slots and 20 slots.
In LTE, the single carrier performance requirements for FDD-FDD CA, TDD-TDD CA, TDD-FDD CA with TDD Pcell and FDD PCell are specified in different sub-clauses of TS 36.101. The requirement applied for FDD carrier in FDD-FDD CA, TDD-FDD CA with FDD Pcell and FDD Scell is the same, and the requirement applied for TDD carrier in TDD-TDD CA, TDD-FDD CA with TDD Pcell and TDD Scell is the same.
To reduce the simulation workload for NR CA, we propose to apply the same single carrier requirement for Pcell and Scell in CA with the same duplex mode and SCS, CA with different duplex modes, CA with the same duplex mode and different SCSs.

Proposal 5: Apply the same single carrier requirement for Pcell and Scell in CA with the same duplex mode and SCS, CA with different duplex modes, CA with the same duplex mode and different SCSs.

2.4  Test applicability
In the last meeting, the following agreements were reached regarding the test applicability rule:
· Test applicability for different CA duplex mode
· Test all the supported CA duplex mode
· 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
· Other options are not precluded.
· 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 intra-band contiguous CA, Intra-band non-contiguous CA and Inter-band CA with the largest aggregated CBW 
· Option 3: 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
· Option 4: Any one of the supported CA capabilities
· Other options are not precluded.
· 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.
Test applicability for TDD-FDD CA and TDD-TDD CA with different SCSs
For TDD-FDD CA and TDD-TDD CA with different SCSs, as discussed in section 2.3, we propose to apply the same single carrier requirement for Pcell and Scell.
So, if Pcell in both carriers are supported, it is fine to use only one in the tests. Regarding which carrier is used as the Pcell in the test, we prefer to configure TDD as Pcell in TDD-FDD CA, and configure 15 kHz SCS as Pcell in TDD 15+30kHz SCS CA, since the total number of HARQ process in the aggregated CCs is larger in such configurations.
Proposal 6: If Pcell in both carriers are supported, in the test, configure TDD cell as Pcell in TDD-FDD CA, configure 15 kHz SCS cell as Pcell in TDD 15+30kHz SCS CA.
Categorizing of CA capabilities
For the categorizing of CA capabilities, we propose to reuse the LTE approach, i.e., define different capabilities for intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with different numbers of bands, which is also aligned with NR RF spec. 
Proposal 7: Reuse the LTE approach for CA capability categorization, i.e., define different capabilities for intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with different numbers of bands.
Test applicability for different CA capabilities

For the test applicability for different CA capabilities, our preferred option is to follow LTE approach, and 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. While in the last meeting, 3 other options were proposed, trying to reduce the number of CA capabilities for testing.
For intra-band CA, typically the same duplex mode and SCS can be used for different carriers, and single FFT may be used for intra-band contiguous CA. For inter-band CA, different duplex modes and/or different SCSs can be used for different carriers, and the FFT operation and baseband processing may be performed per band or per carrier. Therefore, it is important to test intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with different numbers of bands.
Proposal 8: 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
Considering the per CC capability reporting for the supported SCS, MIMO layer number and modulation order, per band capability reporting for the scaling factor, as well as the FR2 OTA link budget, the following procedure for selection of CA configuration(s) and CBW combination is proposed:
Proposal 9: Selection of CA configuration(s) and CBW combination:

For FR1, for each supported CA duplex mode and each supported CA capability,

· Step 1: Select the CA configuration(s) satisfying the following conditions:
· For each CC, single carrier performance requirement is specified for any one of the supported SCS(s).

· For each CC, the supported maximum modulation order is not lower than 16 QAM.

· For each CC, the supported maximum number of MIMO layers is not lower than 2.

· For each band, the supported max data rate (calculated according to 4.1.2 of TS 38.306) is not lower than the date rate corresponding to using 2-layer and MCS 13 on the largest (aggregated) channel bandwidth on the band.

· Step 2: Select any one of the CA configuration(s) with the largest aggregated CA bandwidth among the selected the CA configuration(s) based on step 1.

For FR2, for each supported CA duplex mode and each supported CA capability, 

· Step 1: Select the CA configuration(s) satisfying the following conditions:
· For each CC, single carrier performance requirement is specified for any one of the supported SCS(s) 

· For each CC, the supported maximum modulation order is not lower than 16 QAM

· For each CC, the supported maximum number of MIMO layers is not lower than 2

· For each band, the supported max data rate (calculated according to 4.1.2 of TS 38.306) is not lower than the date rate corresponding to using 2-layer and MCS 10 on the largest (aggregated) channel bandwidth on the band.

· Step 2: Calculate the largest aggregated CA bandwidth for the selected the CA configuration(s) based on step 1, denoted as CBWlargest.
· Step 3: Calculate the maximum aggregated channel bandwidth that can be testable in the test system, denoted as CBWtestable.
· Step 4:

· If CBWlargest <= CBWtestable, select any one of the CA configuration(s) with the largest aggregated CA bandwidth among the selected the CA configuration(s) based on step 1.
· If CBWlargest > CBWtestable, select any one of the CA configuration(s) with the aggregated channel bandwidth no smaller than CBWtestable among the selected the CA configuration(s) based on step 1.
2.5  Spec structure
In LTE CA demodulation requirements, the general principle is to test the CA configuration with largest aggregated CA bandwidth combination, and the tested CA bandwidth combinations for different CA configurations are listed in TS 36.101.
For NR CA, due to per CC or per band capability reporting for some UE features, the CA configuration with largest aggregated bandwidth cannot be directly considered as the CA configuration with largest data rate.
Therefore, in the demod spec, we suggest not to list all the possible CA bandwidth combinations, but just give the procedure to select the CA configuration for testing. Similar approach has been adopted for NR SDR requirements.
Proposal 10: In the demod spec, not list all the possible CA bandwidth combinations, but just give the procedure to select the CA configuration for testing.
3. Conclusion
This contribution discussed the CA PDSCH normal demodulation requirements, with the following observations and proposals:
Rank and MCS for FR2
Proposal 1: For FR2, use rank 2 and MCS 10.
Tx antenna number

Proposal 2: For FR1 and FR2, use 2Tx antennas.
TDD-FDD CA and TDD-TDD CA with different SCSs
Proposal 3: For FDD 15 kHz + TDD 30 kHz CA and TDD 15 kHz + TDD 30 kHz CA, define requirements for 15kHz SCS Pcell and 30kHz SCS Pcell. For FDD 15 kHz + TDD 15 kHz CA, define requirements for FDD 15 kHz Pcell and TDD 15 kHz Pcell.
Proposal 4: Summary of proposed HARQ process number for NR FDD 15 kHz + TDD 30 kHz CA, FDD 15 kHz + TDD 15 kHz CA and TDD 15 kHz + TDD 30 kHz CA.
Table 3: Summary of proposed HARQ process number for NR CA
	NR CA
	HARQ process number

	FDD 15 kHz + 
TDD 30 kHz CA
	FDD PCell
	4 for FDD CC; 8 for TDD CC

	
	TDD PCell
	8 for TDD CC; 8 for FDD CC

	FDD 15 kHz + 
TDD 15 kHz CA
	FDD PCell
	4 for FDD CC; 8 for TDD CC

	
	TDD PCell
	8 for TDD CC; 8 for FDD CC

	TDD 15 kHz + 
TDD 30 kHz CA
	15kHz SCS PCell
	8 for 15 kHz CC; 12 for 30 kHz CC

	
	30kHz SCS PCell
	8 for 30 kHz CC; 8 for 15 kHz CC


Observation 1: The link-level performance difference at 70% throughput is negligible for round-trip time of 10 slots and 20 slots.
Proposal 5: Apply the same single carrier requirement for Pcell and Scell in CA with the same duplex mode and SCS, CA with different duplex modes, CA with the same duplex mode and different SCSs.

Test applicability
Proposal 6: If Pcell in both carriers are supported, in the test, configure TDD cell as Pcell in TDD-FDD CA, configure 15 kHz SCS cell as Pcell in TDD 15+30kHz SCS CA.
Proposal 7: Reuse the LTE approach for CA capability categorization, i.e., define different capabilities for intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with different numbers of bands.
Proposal 8: 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.
Proposal 9: Selection of CA configuration(s) and CBW combination:

For FR1, for each supported CA duplex mode and each supported CA capability,

· Step 1: Select the CA configuration(s) satisfying the following conditions:
· For each CC, single carrier performance requirement is specified for any one of the supported SCS(s).

· For each CC, the supported maximum modulation order is not lower than 16 QAM.

· For each CC, the supported maximum number of MIMO layers is not lower than 2.

· For each band, the supported max data rate (calculated according to 4.1.2 of TS 38.306) is not lower than the date rate corresponding to using 2-layer and MCS 13 on the largest (aggregated) channel bandwidth on the band.

· Step 2: Select any one of the CA configuration(s) with the largest aggregated CA bandwidth among the selected the CA configuration(s) based on step 1.

For FR2, for each supported CA duplex mode and each supported CA capability, 

· Step 1: Select the CA configuration(s) satisfying the following conditions:
· For each CC, single carrier performance requirement is specified for any one of the supported SCS(s) 

· For each CC, the supported maximum modulation order is not lower than 16 QAM

· For each CC, the supported maximum number of MIMO layers is not lower than 2

· For each band, the supported max data rate (calculated according to 4.1.2 of TS 38.306) is not lower than the date rate corresponding to using 2-layer and MCS 10 on the largest (aggregated) channel bandwidth on the band.

· Step 2: Calculate the largest aggregated CA bandwidth for the selected the CA configuration(s) based on step 1, denoted as CBWlargest.
· Step 3: Calculate the maximum aggregated channel bandwidth that can be testable in the test system, denoted as CBWtestable.
· Step 4:

· If CBWlargest <= CBWtestable, select any one of the CA configuration(s) with the largest aggregated CA bandwidth among the selected the CA configuration(s) based on step 1.
· If CBWlargest > CBWtestable, select any one of the CA configuration(s) with the aggregated channel bandwidth no smaller than CBWtestable among the selected the CA configuration(s) based on step 1.
Spec structure
Proposal 10: In the demod spec, not list all the possible CA bandwidth combinations, but just give the procedure to select the CA configuration for testing.
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