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1. Introduction

In RAN4 #94e meeting, the way forward and simulation assumptions for PDSCH CA normal demodulation requirements were 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 previous meeting, the following options were proposed on the rank and MCS for FR2:

· Option 1: rank 2 and MCS 10
· Option 2: rank 1 and MCS 13
· Option 3: Define requirements for both option 1 and option 2, and conduct test for one of the two options with the following rule 
· Option 3a: 
· If the testable SNR is not lower than the required SNR for rank 2 and MCS 10, rank 2 and MCS 10 will be used.
· If the testable SNR is lower than the required SNR for rank 2 and MCS 10, rank 1 and MCS 13 will be used.
· In the test, all the CCs will be configured the same rank and MCS.
· Option 3b: take FRC which results in the highest testable Data Rate 
· Step 1: Select CA configurations and CBW for testing of Rank 1 MCS 13
· Step 2: Select CA configurations and CBW for testing of Rank 2 MCS 10
· Step 3: Calculate Data Rate for selected configuration for both FRC
· Step 4: Select FRC which leads to the highest Data Rate
· Other options are not precluded
The main idea of option 3a/3b is to select the higher rank/MCS or data rate which is supported by the UE and is testable. Taking option 3a as example:

· If rank 2 and MCS 10 is testable, it will be used in the test; 
· If rank 2 and MCS 10 is not testable (e.g., for aggregated channel bandwidth larger than 800MHz), instead of skipping the test, rank 1 and MCS 13 will be used in the test. 
So option 3 is proposed as an compromised option, considering that the debate between option 1 and 2 is on the testability in large aggregated channel bandwidth.
Based on the simulation results summarized in RAN4 #94e [3], the SNR difference between rank 2 MCS 10 and rank 1 MCS 13 is about 2.7 dB. Meanwhile, in the current version of TS 38.101-2, the maximum CA aggregated channel bandwidth is 2700 MHz. 

In the second round discussion in RAN4 #94e, one comment was to use rank 2 MCS 9 instead of rank 1 MCS 13 if the testability is an issue for rank 2 MCS 10. As discussed in RAN4 #92bis in Chongqing, we were not in favor of MCS 9 since it is a MCS for QPSK, while MCS 10 is the lowest MCS for 16 QAM. But given the current situation, for the progress, we are also ok to use rank 2 MCS 9 if it is acceptable to all companies. 
Proposal 1: For FR2,use rank 2 with MCS 10 or MCS 9, or use the compromised option 3.
2.2  TDD-FDD CA and TDD-TDD CA with different SCSs
2.2.1
Pcell configuration
The following agreement was reached regarding the Pcell configuration:
· For performance requirements, the following proposal can be agreed after RAN4 confirmed that the same single carrier performance can be applied with different Pcell configurations and if applicability rules will be defined in a way that there is no scenarios which will never be tested (i.e. one Pcell configuration will be covered by one group of UEs and another Pcell configuration will be covered by another group of UEs)
· For CA with different SCSs, define requirements for both 15kHz Pcell and 30kHz Pcell. 
· For FDD + TDD CA with 15 kHz SCS, FFS whether to define requirements for both FDD 15 kHz Pcell and TDD 15 kHz Pcell.
· For test applicability, further discuss the following options:
· 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)
For the performance requirement definition, as we presented in the last meeting, for CA with different SCSs including 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. 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. 
While for FDD + TDD CA with 15 kHz SCS, to our knowledge, there is no UE capability defined for TDD Pcell and FDD Pcell, so we are also fine to only define requirements for TDD 15 kHz Pcell.
Proposal 2: Based on the UE capability design, the following proposal is given for performance requirement definition:
· 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, or alternatively, only for TDD 15 kHz Pcell.
Regarding the test applicability, option 1 is not very clear to us, and it looks like that UE can decide the PCell configuration to be used in the test. Option 3 results in testing scenarios with less number of HARQ processes, so not sure about the demodulation performance if larger HARQ process happens in the real network. Therefore, option 2 is preferred. 
Proposal 3: Select option 2 for the test applicability, i.e.,

· 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) 
2.2.2
HARQ process number
For the HARQ process number, good progress was achieved in the last meeting, since 4 companies provided very detailed analysis, as seen in section 2.2.4 of the email discussion summary in [4].

Based on these analyses, the difference among different companies’ proposals comes from three aspects as mentioned in WF: 

· a) Whether the HARQ timing for PCell is same as for single carrier?

· b) Whether initial transmission and retransmission are scheduled on the same type of TDD slot, i.e., DL slot or special slot?

· c) Whether the UL symbols in special slot can be used for carrying PUCCH?
For question a), we suggested answer is yes, since this is the most straightforward way. 
For question b), we suggested answer is yes. Otherwise, the number of available REs and code rate will be different in initial transmission and retransmission, which will complicate the test setup. Moreover, it is not sure if it is still feasible to reuse the same single carrier performance for different HARQ process numbers.
For question c), we suggested answer is no, since this is the assumption for Rel-15 single carrier test.
After reaching consensus on the three questions, it could be much easier to decide the HARQ process number and K1 value. And based on our suggested answers, the proposed HARQ process number is as follows:
	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 1

	
	30kHz PCell
	8
	8

	Note 1: 
· If different RTTs (10 or 20 slots) are allowed for different HARQ processes, 12 HARQ processes will be used, as seen in Figure 4 of China Telecom’s paper in R4-2000136.


Proposal 4: Proposed answers to the three questions related to HARQ process number:

· Yes for question a), i.e, the HARQ timing for PCell is same as for single carrier.
· Yes for question b), i.e., initial transmission and retransmission are scheduled on the same type of TDD slot, i.e., DL slot or special slot.
· No for question c), i.e., the UL symbols in special slot are not used for carrying PUCCH.
Proposal 5: Proposed 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 1

	
	30kHz PCell
	8
	8

	Note 1: 
· If different RTTs (10 or 20 slots) are allowed for different HARQ processes, 12 HARQ processes will be used, as seen in Figure 4 of China Telecom’s paper in R4-2000136.


2.2.3
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.
Table 1:
Link-level performance for TDD 30kHz Scell
	Round-trip time
	Required SNR at 70% TP

	10 slots
	12.36 dB

	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 6: 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
For the test applicability, companies’ views in the first round discussion in RAN4 #94e were summarized in [4]. For us, our view in the last meeting are not changed and re-present below:
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 previous meetings, 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 section 8 of 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 with MCS 10 or MCS 9, or use the compromised option 3.
TDD-FDD CA and TDD-TDD CA with different SCSs
Proposal 2: Based on the UE capability design, the following proposal is given for performance requirement definition:

· 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, or alternatively, only for TDD 15 kHz Pcell.
Proposal 3: Select option 2 for the test applicability, i.e.,

· 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) 
Proposal 4: Proposed answers to the three questions related to HARQ process number:

· Yes for question a), i.e, the HARQ timing for PCell is same as for single carrier.

· Yes for question b), i.e., initial transmission and retransmission are scheduled on the same type of TDD slot, i.e., DL slot or special slot.

· No for question c), i.e., the UL symbols in special slot are not used for carrying PUCCH.

Proposal 5: Proposed 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 1

	
	30kHz PCell
	8
	8

	Note 1: 

· If different RTTs (10 or 20 slots) are allowed for different HARQ processes, 12 HARQ processes will be used, as seen in Figure 4 of China Telecom’s paper in R4-2000136.


Proposal 6: 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 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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