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This contribution discusses the remaining issues of PDSCH/PUSCH enhancement for 52-71GHz spectrum left in WI after RAN1#107e, including multiple PDSCH/PUSCH scheduling and HARQ.
[bookmark: _Ref129681832]Enhancement on PDSCH and PUSCH
[bookmark: _Ref167612881]Maximum gap between Multi-PDSCH/Multi-PUSCH scheduling
In RAN1#107-e, there was no agreement about the maximum gap between two consecutively scheduled PDSCHs/PUSCHs or between the first scheduled PDSCH/PUSCH and the last scheduled PDSCH/PUSCH. The feature lead proposed conclusion regarding this issue is as follows:
	Proposed conclusion #2.7 (Max gap):
· For multi-PDSCH or multi-PUSCH scheduling DCI, the following maximum value of a gap is not specified in Rel-17 and up to gNB scheduler.
· The maximum value of the gap between two consecutively scheduled PDSCHs or between two consecutively scheduled PUSCHs
· The maximum value of the gap between the first scheduled PDSCH and the last scheduled PDSCH or between the first scheduled PUSCH and the last scheduled PUSCH



We are supportive of the proposed conclusion #2.7 and think that above gaps are up to the gNB and do not need to be specified in Rel-17. Multiple PDSCHs/PUSCHs scheduled by a single DCI are expected to be transmitted within the channel coherence time. The channel coherence time is scenario-dependent and could be estimated using CSI feedback or sounding. Not restricting the maximum gap facilitates gNB scheduling flexibility and it is up to the gNB not to schedule multiple PDSCH/PUSCH with gaps beyond the estimated channel coherence time. 
[bookmark: _Ref78183940]Proposal 1: Support proposed conclusion#2.7 in RAN1#107-e that for multi-PDSCH or multi-PUSCH scheduling DCI, the following maximum gap values are not specified and are up to the gNB implementation.
· The maximum value of the gap between two consecutively scheduled PDSCHs or between two consecutively scheduled PUSCHs
· The maximum value of the gap between the first scheduled PDSCH and the last scheduled PDSCH or between the first scheduled PUSCH and the last scheduled PUSCH.

HARQ
Maximum number of HARQ process for 120 kHz
In RAN1#106-e meeting, the maximum number of HARQ processes for 480/960 kHz SCS was agreed to be 32:
	Agreement:
For NR FR2-2 at least for 480/960 kHz SCS, support 32 as the maximum number of HARQ processes for DL and UL, subject to UE capability.
· Note: Up to 32 maximal supported HARQ process number is already agreed in Rel-17 NTN WI.
· Working assumption: The same solution to support up to 32 HARQ process number in Rel-17 NTN WI is reused for NR FR2-2


In RAN1#107e, whether 32 HARQ processes are supported for 120 kHz has been discussed in the email thread of [107-e-NR-52-71GHz-06] [2]. Based on the feedback, 7 companies supported the proposal 3.6 while 4 companies did not see the necessity. The reason from opposing companies is that the additional 16 HARQ processes is not necessary for 120 kHz SCS because the existing design for FR2-1 works well. In Rel-17, the multi PDSCH/PUSCH scheduling by single DCI is introduced for 120 kHz SCS as well and the timeline for HARQ-ACK feedback is based on the last scheduled PDSCH/PUSCH. The starvation of HARQ processes occurring in 480 kHz and 960 kHz SCS also applies to 120 kHz SCS.  Moreover, as mentioned by some companies in the email discussion, if there are different number of HARQ processes for different SCS, the solution to soft combining during switching of BWP with different SCS is not clear. So we support to extend the capability of 32 HARQ processes to 120 kHz SCS. 
Proposal 2: Support 32 as the maximum number of HARQ processes for DL and UL for 120 kHz SCS, subject to UE capability.

Time domain bundling for Type-1 HARQ codebook
In RAN1#107-e, the pruning procedure of Type-1 HARQ codebook when time domain bundling is enabled are agreed as following. There is a remaining FFS highlighted and as plotted in Fig.1.
	Agreement:
For multi-PDSCH scheduling with a single DCI
· Introduce a new RRC parameter, e.g., enableTimeDomainHARQ-Bundling, to enable time domain bundling operation for type-1 HARQ-ACK codebook per serving cell.
· If the RRC parameter enables time domain bundling operation,
· To determine the set of candidate PDSCH reception occasions,
· A row index is removed if at least one symbol of every PDSCH associated with the row index is configured as semi-static UL. (NOTE: This is similar to the case of slot aggregated PDSCH in Rel-16)
· Pruning procedure in Rel-16 is performed based on the last configured SLIV of each row index.
· Logical AND operation is applied across all valid PDSCHs associated with a determined candidate PDSCH reception occasion, at least for 1-TB case.
· FFS: UE does not expect the last scheduled SLIV overlaps with a semi-static UL symbol when parameter enableTimeDomainHARQ-Bundling is configured



[bookmark: _Ref71391988][image: ]
Fig 1. Multiple PDSCH scheduling with time domain bundling is enabled.
According to the agreed pruning procedure, only 1 HARQ-ACK bit reserved because there is overlap between the last SLIV in row 0 and row 1. gNB should indicate either row 0 or row 1 to UE. If the restriction in FFS is further introduced, only row 1 can be indicated by gNB, which reduce the scheduling flexibility. 
Proposal 3: There is no need to further restrict on last SLIV of multi PDSCH scheduling when enableTimeDomainHARQ-Bundling is configured for type-1 HARQ codebook. 
Time domain bundling for Type-2 HARQ codebook
	Agreement:
For multi-PDSCH scheduling with a single DCI:
· Introduce a new RRC parameter, e.g., numberOfHARQ-BundlingGroups, to configure the number of HARQ bundling groups with value range {1, 2, 4} for type-2 HARQ-ACK codebook per serving cell.
…..
· The PDSCHs corresponding to [configured or valid] SLIVs in a TDRA row index indicated by multi-PDSCH scheduling DCI are allocated to the bundling groups, e.g., if NHBG =4, NPDSCH,MAX =8, and 5 PDSCHs are scheduled, then 2/1/1/1 PDSCHs are assigned to each group, by reusing CBG grouping method.
· For a group that is empty or is filled with only invalid PDSCH(s), HARQ-ACK bits for the bundling group is set to NACK (same principle as when no time bundling configured)
…


In RAN1#107-e meeting, whether configured or valid SLIVs scheduled by single DCI are allocated to bundling groups is left for more discussion. In our view, the fixed HARQ bit allocation among configured SLIVs is simpler for UE implementation because it is independent of valid SLIV which might be dynamically changed. It is also aligned with the decision on HARQ-ACK bit ordering based on the configured SLIV position in the TDRA row when time domain bundling is disabled. So we propose to allocate PDSCH corresponding to the “configured” SLIVs in TDRA row to the bundling groups when time domain bundling is enabled for type-2 HARQ codebook. 
Proposal 4: Support to allocate PDSCHs corresponding to configured SLIVs in a TDRA row index indicated by multi-PDSCH scheduling DCI to the bundling groups.

RRC parameter for HARQ bundling group
Following agreement was reached in RAN1:
	Agreement
For multi-PDSCH scheduling with a single DCI
· Introduce a new RRC parameter, e.g., numberOfHARQ-BundlingGroups, to configure the number of HARQ bundling groups with value range {1, 2, 4} for type-2 HARQ-ACK codebook per serving cell.
…



However, in the email discussion for the RRC parameter for NR_ext_to_71GHz, the RRC parameter numberOfHARQ-BundlingGroups-r17 to configure the number of HARQ bundling groups per serving cell for type 2 HARQ-ACK codebook is not marked as “stable” in final RRC parameter list. Based on the agreement, no matter whether “configured” or “valid” SLIV is finally determined, the parameter itself is clear.
Proposal 5: Include numberOfHARQ-BundlingGroups-r17 in the RRC parameter list.

Out-of-ordering for PDCH-to-HARQ-ACK
In RAN1#106bis-e meeting, there was some discussion about PDCH-to-HARQ-ACK OOO issues and the following proposal was discussed without agreement:
	Proposal #2.6-2a (OOO for HARQ):
· For multi-PDSCH scheduling, UE does not expect any of the scheduled/SPS PDSCHs and the resource for the HARQ-ACK transmission to lead to out-of-order scheduling.
· FFS whether to allow OOO scheduling for a PDSCH scheduled by multi-PDSCH scheduling DCI and other unicast PDSCH scheduled by single-PDSCH scheduling DCI



Rel-15/16 OOO restriction for data was agreed to be applied to Rel-17 for FR2-2, which includes the case of two multi-PDSCH scheduling and the case of one multi-PDSCH scheduling and one single PDSCH scheduling. To align with the agreed OOO restriction for data, we suggest that OOO restriction for HARQ in proposal #2.6-2a can also be accepted without FFS.
Proposal 6: UE does not expect any of the scheduled/SPS PDSCHs and the resource for the HARQ-ACK transmission to lead to out-of-order scheduling.


Conclusions
We discussed the required changes of physical layer design using exiting NR waveform for both licensed and unlicensed band with the following observations and proposals.
Proposal 1: Support proposed conclusion#2.7 in RAN1#107-e that for multi-PDSCH or multi-PUSCH scheduling DCI, the following maximum gap values are not specified and are up to the gNB implementation.
· The maximum value of the gap between two consecutively scheduled PDSCHs or between two consecutively scheduled PUSCHs
· The maximum value of the gap between the first scheduled PDSCH and the last scheduled PDSCH or between the first scheduled PUSCH and the last scheduled PUSCH.
Proposal 2: Support 32 as the maximum number of HARQ processes for DL and UL for 120 kHz SCS, subject to UE capability.
Proposal 3: There is no need to further restrict on last SLIV of multi PDSCH scheduling when enableTimeDomainHARQ-Bundling is configured for type-1 HARQ codebook. 
Proposal 4: Support to allocate PDSCHs corresponding to configured SLIVs in a TDRA row index indicated by multi-PDSCH scheduling DCI to the bundling groups.
Proposal 5: Include numberOfHARQ-BundlingGroups-r17 in the RRC parameter list.
Proposal 6: UE does not expect any of the scheduled/SPS PDSCHs and the resource for the HARQ-ACK transmission to lead to out-of-order scheduling.
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