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1. Introduction

In RAN4 #94e-bis meeting, the way forward on PDSCH CA normal demodulation requirements were approved in [1]. This contribution discusses the remaining open issues listed in the WF.
2. Discussion
2.1  TDD-FDD CA and TDD-TDD CA with different SCSs
2.1.1
Pcell configuration
The following options were listed regarding the Pcell configuration:
· 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
· 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
For the performance requirement definition, there are two issues:

Issue #1: 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?

Issue #2: With single carrier performance reused for CA, is it necessary to differentiate the Pcell in the performance requirement?

For issue #1, in RAN4 94e-bis, two companies (Intel, China Telecom) provided their views, showing different understandings on the Rel-15 capability. Our understanding is that:

· For CA with different SCSs, 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.
For issue #2, although for different Pcell configurations, the same set of requirements shall be applied, some test parameters such as HARQ process number and K1 value are different.
Therefore, our proposal for performance requirement definition is:
Proposal 1: 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, our preference is still option 2, and our comment on the other options are as below:

· 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 the PDSCH demodulation performance cannot be guaranteed if larger HARQ process happens in the real network.
· Option 4 is proposed considering the real deployment scenarios, but the deployment scenario can be different for different operators. Even for one operator, the Pcell configuration can be different in different cities and scenarios, and can also change with the time (e.g., the number of sites and coverage of different carriers can change with time).
· Option 5 looks good from the test coverage point of view. At the same time, if the only difference between different Pcell configurations is the HARQ process, it might not be essential to test both FDD and TDD Pcell.
Proposal 2: 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) 
2.1.2
HARQ process number
For the HARQ process number, good progress was achieved in the previous two meetings, with only two remaining open issues:
Issue #1: HARQ process number for 30kHz SCell in TDD 15 kHz + TDD 30 kHz CA

· Option 1: 12, different RTTs (10 or 20 slots) are used for different HARQ processes, and initial transmission and retransmission are scheduled on the same type of TDD slot. (QC, CTC)
· Option 2: 12, initial transmission and retransmission can be scheduled on different types of TDD slot (HW, Intel)
Issue #2: HARQ process number for 15 kHz SCell in TDD 15 kHz + TDD 30 kHz CA

· Option 1: 8 (QC, CTC, Intel)
· Option 2: 6 (HW)
Issue #1:
For issue #1, if the initial transmission and retransmission are scheduled on different types of TDD slot, the number of available REs and code rate will be different in initial transmission and retransmission, so the HARQ performance might be impacted. In RAN4 #94e-bis, two companies (Huawei, Intel) have shown that there is no performance difference in case initial transmission and retransmission are scheduled in the same or different type of slots. So, for the sake of progress, we can be flexible on the two options, and either option is ok.
In addition, the HARQ process number is the same in the two options, but the K3 values (DL NACK to DL re-tx grant) are different. In Rel-15, K3 values are not defined in TS 38.101-4. So, we may need to discuss whether to define the K3 values in TS 38.101-4 for CA PDSCH demodulation requirements.

Proposal 3: For HARQ process for 30kHz SCell in TDD 15 kHz + TDD 30 kHz CA, 
· With 12 HARQ processes, both options on the scheduling details are ok.

· Considering that the K3 values are different for the two options, discuss whether to define the K3 values in TS 38.101-4 for CA PDSCH demodulation requirements.

Issue #2:
For issue #2, the difference is also due to whether initial transmission and retransmission can be scheduled on different types of TDD slot. As discussed above, we are ok to not restrict the initial transmission and retransmission on the same type of TDD slot. Meanwhile, for option 1, the same HARQ process number for 15 kHz SCell is used as when it is configured as Pcell, so it is simpler for the test and slightly preferred by us.

Proposal 4: For HARQ process number for 15kHz SCell in TDD 15 kHz + TDD 30 kHz CA, both option are ok, and option 1 is slightly preferred.
2.2  Test applicability
For the test applicability, companies’ views in RAN4 #94e-bis were summarized in [5]. 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 5: 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 6: 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 7: 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.
2.3  Requirement values and CRs

In the last meeting, the summary of simulation results for FR1 15 kHz, FR1 30 kHz and FR2 are provided in [1], [2] and [3] respectively. It is seen that:

· For FR1, 5 companies provided simulation results for all the cases. Both alignment and impairment simulation results are well aligned, with the span less than 2dB.

· For FR2, 5 companies provided alignment simulation results, which are well aligned; 2 companies provided impairment simulation results.

So it is time to decide the requirement values in this meeting, and agree the CRs in the next meeting.

Proposal 8: Decide the requirement values in this meeting, and agree the CRs in the next meeting.
3. Conclusion
This contribution discussed the CA PDSCH normal demodulation requirements, with the following proposals:
TDD-FDD CA and TDD-TDD CA with different SCSs
Proposal 1: 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 2: 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 3: For HARQ process for 30kHz SCell in TDD 15 kHz + TDD 30 kHz CA, 
· With 12 HARQ processes, both options on the scheduling details are ok.

· Considering that the K3 values are different for the two options, discuss whether to define the K3 values in TS 38.101-4 for CA PDSCH demodulation requirements.

Proposal 4: For HARQ process number for 15kHz SCell in TDD 15 kHz + TDD 30 kHz CA, both option are ok, and option 1 is slightly preferred.

Test applicability
Proposal 5: 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 6: 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 7: 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.
Requirement values and CRs
Proposal 8: Decide the requirement values in this meeting, and agree the CRs in the next meeting.
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