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Introduction
During the last RAN4#103-e meeting, good progress was made on the topic of PDSCH requirements for FR2-2.
[bookmark: _Hlk88742629]In this contribution we will express our views on the open issues and open new discussions, if necessary.

Discussion

[bookmark: _Hlk110943749]Whether to define requirements with 32 DL HARQ processes
In RAN4#103e it was discussed if defining requirements with 32 DL HARQ processes should be defined:
	Issue 2-1-2: Whether to define requirements with 32 DL HARQ processes
· Do not define requirements with 32 DL HARQ processes for 120kHz and 480kHz SCS. 
· FFS for 960kHz SCS, if requirements are agreed to be defined.




As 32 HARQ is mainly required for 960kHz SCS, it was decided to not create requirements for lower SCS. Since 960kHz SCS is not agreed, the question of defining requirements for 32 HARQ for 960kHz SCS is FFS.
It is not possible to use the agreed TDD configuration with only 16 HARQ without running into HARQ starvation with the currently agreed TDD pattern (29D3S8U, S1=10D:4G:0U, S2=0D:12G:2U, S3=0D:0G:14U), hence we see it is needed to define requirements with 32HARQ if 960kHz SCS is agreed.
32 HARQ processes are required for the agreed TDD pattern (29D3S8U, S1=10D:4G:0U, S2=0D:12G:2U, S3=0D:0G:14U) when using 960kHz SCS.
RAN4 to define requirements with 32 DL HARQ processes if 960kHz SCS is agreed.

Whether to define requirements with 16 DL HARQ processes
In RAN4#103e it was discussed if requirements should be defined for 16 HARQ processes:
	[bookmark: _Hlk104971079]Issue 2-1-3: Whether to define requirements with 16 DL HARQ processes
· Yes for 480 kHz. 
· FFS for 960 kHz, if requirements are agreed to be defined.




As it was agreed to define requirements for 16HARQ processes for 480kHz SCS, there should also be defined requirements for 16 HARQ processes for 960kHz SCS if 960kHz SCS is agreed to be defined. Requirements for 16 HARQ processes should also be defined in case 32 HARQ processes are agreed for 960kHz, since 32 HARQ is optional capability, whereas 16 HARQ is mandatory.
16 HARQ process requirements are already agreed to be defined for 480kHz SCS, hence same should apply to 960kHz SCS.
Requirements for 16 HARQ processes should be defined even if agreed to define requirements for 32HARQ processes as 32 HARQ is optional capability.
RAN4 to define requirements with 16 DL HARQ processes for 960kHz SCS if requirements for 960kHz SCS are agreed to be defined.

HARQ-ACK Codebook
In RAN4#103e it was discussed if RAN4 should specify the HART-ACK Codebook type [1]:
	Issue 2-1-4: HARQ-ACK Codebook
· Option 1: Type I
Option 2: Do not specify. Leave it up to RAN5



We do not have a strong preference on the HARQ_ACK codebook type, and we agree that decision is usually done by RAN5.
RAN4 to leave the decision of HARQ-ACK Codebook to RAN5.

HARQ Bundling for multi-PDSCH scheduling
In RAN4#103e it was discussed if RAN4 should define the multi-PDSCH scheduling  [1]:
	Issue 2-1-5: HARQ Bundling for multi-PDSCH scheduling (if agreed in Issue 2-1-1)
· Option 1: Yes 
· Option 2: No 
· Option 3: Do not specify. Leave it up to RAN5.



With respect to the bundling for multi-PDSCH scheduling, this can in our view be decided by RAN5. It is however important, that RAN4 ensures that the bundling can work in cases where 32 HARQ processes are used, e.g., by considering the max bundling payload size, when deciding the RMC pattern and number of slots between PDSCH and HARQ-ACK.
If RAN5 is to specify the multi-PDSCH scheduling, it is important, RAN4 ensures that all options are covered in the test cases. This is specifically important for the 32 HARQ case as 32 HARQ is a new capability.
RAN5 to specify the multi-PDSCH scheduling and RAN4 to take care that the chosen configuration do not lead to issues in RAN5 test cases with respect to HARQ bundling.

Whether to define requirements at 30% of peak throughput
In RAN4#103e it was discussed if requirements are to be defined for 30% peak throughput [1]:
	Issue 2-1-7: Whether to define requirements at 30% of peak throughput
· Option 1: Yes 
· Option 2: No 




The 30% peak throughput test is related to verifying HARQ soft combining. Considering our agreement from the previous meeting, FR2-1 requirements are not reused for FR2-2. Therefore, the existing 30% peak TP test won’t apply for a UE that declares only support for FR2-2 and not for FR2-1, see: 
	Issue 3-2-1: FR2-1 requirements reuse for 120 kHz SCS
Do not apply FR2-1 performance requirements for FR2-2.



The 30% peak throughput test is related to verifying HARQ soft combining.
Existing requirements are only for FR2-1 and will not apply for FR2-2
RAN4 to define requirements at 30% of peak throughput

Whether to define Rank1 requirements with FD-OCC disabled
In RAN4#103e it was discussed if requirements should be defined with FD-OCC disabled [1]:
	Issue 2-1-8: Whether to define Rank1 requirements with FD-OCC disabled
· Option 1: Yes 
· Nokia: It is not clear if the feature “FD-OCC-Disabled” is mandatory. If it is mandatory, define the requirements. If it is optional, only define the requirements if  >1dB performance difference compared to enabling FD-OCC.
· Option 2: No



It is still unclear to us if the feature “FD-OCC-Disabled” is optional. We cannot find it mentioned; hence we must assume it is mandatory.
As we have not been able to find specific optional capability definition for the feature “FD-OCC-Disabled”, we assume it is mandatory.
Since no information to our knowledge is provided to show the feature “FD-OCC-Disabled” as optional, we support to define requirements with FD-OCC disabled.

Whether to define requirements with Rank2
In RAN4#103e it was discussed if requirements are to be defined with Rank 2 [1]:
	Issue 2-1-9: Whether to define requirements with Rank2
· Option 1: Yes
· Option 2: No
· Option 3: Decide based on simulation results.




We see one of the expected use cases to be indoor environment NLOS. For this use case it could potentially be beneficial to include Rank2 requirements. Additionally, since we are not reusing FR2-1 requirements for FR2-2, a UE that only declares support for FR2-2 will never be tested for Rank 2. For the text from previous WF see [5]: 
	Issue 3-2-1: FR2-1 requirements reuse for 120 kHz SCS
Do not apply FR2-1 performance requirements for FR2-2.



UE declaring support for FR2-2 only will never be tested for Rank 2 if no requirements are defined.
RAN4 to define requirements for rank 2.

MCS for 64QAM
In RAN4#103e it was discussed if requirements should be defined with MCS for 64QAM and if so, which exact MCS should be used [1]:
	Issue 2-1-10: MCS for 64QAM
· Option 1: MCS20 
· Option 2: MCS22 
· Option 3: Not consider 64QAM 
· Option 4: Consider MCS 17 for 120kHz/100MHz and not consider 64QAM for 480kHz 
· Option 5: MCS17 
· Option 6: Decide based on simulation results. 




It is our understanding that RF has not decided a maximum achievable BB SNR limit until now. The ongoing discussion is based on potential limitations of currently available legacy TEs, which are not developed for 71GHz. 
Ultimately, even if the legacy TEs currently are not capable of handling high SNR levels, we still see value in having performance requirements for 64QAM, in cases where PN matters. 
New TEs will need to be developed for 71GHz testing and improvements are expected. There are no physical limitations that prevent the usage of higher power RF front ends, similar to the ones deployed in current gNBs, in newer TEs.
In the end, it will be RAN5 responsibility to define the final testcases based on specific capabilities of available test setups.

RAN4 should not limit requirement definition based on current capability of legacy TEs, which are not developed for 71 GHz, hence we do not see a reason to exclude 64QAM for 480kHz and 960kHz.
With regard to the exact MCS for 64QAM, we observe that MCS22 seems to be a valid choice for SCS 120kHz, and MCS20 for 480 kHz and 960 kHz SCS.

MCS22 seems to be a valid choice for SCS 120kHz, and MCS20 for 480 kHz and 960 kHz SCS.
We propose the following MCS to be used:
- MCS 22 for 120 kHz SCS
- MCS 20 for 480kHz and 960kHz SCS

Phase Noise Compensation
In RAN4#103e it was discussed which kind of phase noise compensation should be used when defining requirements [1]:
	Issue 2-1-12: Phase Noise Compensation
· Option 1: CPE compensation only 
· Option 2: CPE+ICI compensation
· Option 3: CPE or CPE+ICI decision depends on the test case 
· Larger MCS and CBW may benefit with CPE+ICI.




Since it has not yet been agreed for which configurations to define requirements (only a baseline test cases), it is at this time not known which configurations might benefit with CPE+ICI.
Currently our view is that ICI compensation can provide useful improvements for large CBW, smaller SCS and large MCS, hence it might not be needed for 960kHz SCS, might be needed for 480kHz SCS with CBW above 800MHz and for 120kHz SCS with 400MHz CBW.
Only a baseline set of test cases have been agreed. It is not yet agreed if requirements for larger MCS and CBW will be defined.
CPE or CPE+ICI decision shall depend on the simulation results for the test cases. 
Adopt CPE+ICI at least in the following test cases
- 120 kHz SCS + 100 MHz + MCS>17
- 120 kHz SCS + 400 MHz + MCS>13
- 480 kHz SCS + 800 MHz + MCS>13
- 480 kHz SCS + 1600 MHz + MCS>13
- Adopt CPE only otherwise

[bookmark: _Ref106718682]Test Cases
In RAN4#103e it was discussed which test cases to use for defining requirements [1]:
	Issue 2-1-14: Test Cases
Initial list of test cases for simulation results in the next meeting is given below as a starting point. Agree on final list of test cases in the next meeting based on simulation results, considering testability and minimize the number of test cases.
Below list was used for initial simulation purpose to align the simulation assumption. 
RAN4 not deicide the final test case list which subject to further discussion and it’s not precluded to specify requirements for the configurations which not captured in current list. 
	CBW(MHz) / SCS (kHz)
	MCS/Rank
	Channel Model
	Antenna Configuration and Correlation Matrix
	% of peak thpt

	100/120
	MCS4/Rank1
	TDLA10-200
	2x2 ULA Low
	70

	100/120
	MCS4/Rank1
	TDLA10-650
	2x2 ULA Low
	70

	100/120
	MCS13/Rank1
	TDLA10-200
	2x2 ULA Low
	70

	100/120
	MCS13/Rank2
	TDLD10-200
	2x2 ULA Low
	70

	100/120
	MCS17/Rank1
	TDLD10-200
	2x2 ULA Low
	70

	400/480
	MCS4/Rank1
	TDLA10-200
	2x2 ULA Low
	70

	400/480
	MCS4/Rank1
	TDLA10-650
	2x2 ULA Low
	70

	400/480
	MCS13/Rank1
	TDLA10-200
	2x2 ULA Low
	70

	400/480
	MCS13/Rank2
	TDLD10-200
	2x2 ULA Low
	70

	400/480
	MCS17/Rank1
	TDLD10-200
	2x2 ULA Low
	70

	400/120 (Note 2)
	MCS20/Rank1
	TDLA10-200
	2x2 ULA Low
	70

	Note 1: Interested companies can provide simulation results for other cases not included in above table, as needed.
Note 2: This case was added for PN impact and test ability analysis. 
Note 3: MCS level not decided yet which can be further updated. 
Note 4: 960kHz SCS not decided yet which can be added pending on further discussion 






Regarding testability issues raised during RAN4#103-e we appreciate the statements given and cross cooperation with the RF session. However, the ongoing discussion in the RF session is based on potential limitations of currently available legacy TEs, which are not developed for 71GHz. Ultimately, even if the legacy TEs currently are not capable of handling high SNR levels, we still see value in having performance requirements. New TEs will need to be developed for 71GHz testing and improvements are expected. There are no physical limitations that prevent the usage of higher power RF front ends, similar to the ones deployed in current gNBs, in newer TEs.

We see it possible portable device will prefer to support 960kHz SCS instead of 480kHz SCS, to avoid the complexity of implementing ICI.
Even if it is currently debatable whether all scenarios of 960kHz are testable with legacy TE equipment, it is useful for RAN4 to have good requirement coverage for 960kHz SCS to anticipate the new TEs developed for FR2-2 and to inform operators about expected minimum performance in deployment.
RAN4 to include requirements for 960kHz SCS in the test cases.

Conclusion
In this contribution we have provided our views on various open issues with relation to PDSCH requirements for the extension to 71GHz.
 
We have made the following observations and proposals:

Whether to define requirements with 32 DL HARQ processes
1. 32 HARQ processes are required for the agreed TDD pattern (29D3S8U, S1=10D:4G:0U, S2=0D:12G:2U, S3=0D:0G:14U) when using 960kHz SCS
1. RAN4 to define requirements with 32 DL HARQ processes if 960kHz SCS is agreed.

Whether to define requirements with 16 DL HARQ processes
16 HARQ process requirements are already agreed to be defined for 480kHz SCS, hence same should apply to 960kHz SCS.
Requirements for 16 HARQ processes should be defined even if agreed to define requirements for 32HARQ processes as 32 HARQ is optional capability.
RAN4 to define requirements with 16 DL HARQ processes for 960kHz SCS if requirements for 960kHz SCS are agreed to be defined.

HARQ-ACK Codebook
RAN4 to leave the decision of HARQ-ACK Codebook to RAN5.

HARQ Bundling for multi-PDSCH scheduling
If RAN5 is to specify the multi-PDSCH scheduling, it is important, RAN4 ensures that all options are covered in the test cases. This is specifically important for the 32 HARQ case as 32 HARQ is a new capability.
RAN5 to specify the multi-PDSCH scheduling and RAN4 to take care that the chosen configuration do not lead to issues in RAN5 test cases with respect to HARQ bundling.

Whether to define requirements at 30% of peak throughput
The 30% peak throughput test is related to verifying HARQ soft combining.
Existing requirements are only for FR2-1 and will not apply for FR2-2
RAN4 to define requirements at 30% of peak throughput

Whether to define Rank1 requirements with FD-OCC disabled
As we have not been able to find specific optional capability definition for the feature “FD-OCC-Disabled”, we assume it is mandatory.
Since no information to our knowledge is provided to show the feature “FD-OCC-Disabled” as optional, we support to define requirements with FD-OCC disabled.

Whether to define requirements with Rank2
UE declaring support for FR2-2 only will never be tested for Rank 2 if no requirements are defined.
RAN4 to define requirements for rank 2.

MCS for 64QAM
Observation 9: RAN4 should not limit requirement definition based on current capability of legacy TEs, which are not developed for 71 GHz, hence we do not see a reason to exclude 64QAM for 480kHz and 960kHz.
MCS22 seems to be a valid choice for SCS 120kHz, and MCS20 for 480 kHz and 960 kHz SCS.
We propose the following MCS to be used:
- MCS 22 for 120 kHz SCS
- MCS 20 for 480kHz and 960kHz SCS

Phase Noise Compensation
Only a baseline set of test cases have been agreed. It is not yet agreed if requirements for larger MCS and CBW will be defined.
CPE or CPE+ICI decision shall depend on the simulation results for the test cases. 
Adopt CPE+ICI at least in the following test cases
- 120 kHz SCS + 100 MHz + MCS>17
- 120 kHz SCS + 400 MHz + MCS>13
- 480 kHz SCS + 800 MHz + MCS>13
- 480 kHz SCS + 1600 MHz + MCS>13
- Adopt CPE only otherwise

Test Cases
We see it possible portable device will prefer to support 960kHz SCS instead of 480kHz SCS, to avoid the complexity of implementing ICI.
Even if it is currently debatable whether all scenarios of 960kHz are testable with legacy TE equipment, it is useful for RAN4 to have good requirement coverage for 960kHz SCS to anticipate the new TEs developed for FR2-2 and to inform operators about expected minimum performance in deployment.
RAN4 to include requirements for 960kHz SCS in the test cases.
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