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Introduction
In RAN1 #107-e [1], RAN1 continued the discussion on enhancements for PDSCH and PUSCH to support NR operation in 52.6 GHz to 71 GHz band. Based on the discussion, the following agreements and conclusions were reached on PDSCH/PUSCH enhancements [1].
	Agreement
For NR operation with 480 kHz and/or 960 kHz SCS, CSI computation delay requirement 2 is always applied in the case of mixed SCS of PDCCH, CSI-RS and PUSCH.
· Note: this applies when any one of the SCSs for PDCCH, CSI-RS, and PUSCH is 480 kHz or 960 kHz
Agreement
UE behavior where all CPUs are occupied when UE processes the CSI report corresponding to the delay requirement 1 is not applicable for NR operation with 480 kHz and/or 960 kHz SCS.
· The following example change to 38.214 Section 5.2.1.6 can be recommended to the editor to use at the editor’s discretion
--- Unchanged parts omitted ---
if max{ µPDCCH, µCSI-RS, µUL} ≤ 3, and if a CSI report is aperiodically triggered without transmitting a PUSCH with either transport block or HARQ-ACK or both when L = 0 CPUs are occupied, where the CSI corresponds to a single CSI with wideband frequency-granularity and to at most 4 CSI-RS ports in a single resource without CRI report and where codebookType is set to 'typeI-SinglePanel' or where reportQuantity is set to 'cri-RI-CQI', ,
--- Unchanged parts omitted ---
Agreement
For NR operation with 480 kHz and/or 960 kHz SCS, scale the corresponding values of 120 kHz SCS by 4 and 8 for 480 kHz and 960 kHz SCS respectively for the following UE timeline parameters for single and multi-PDSCH/PUSCH scheduling to maintain the same absolute time duration as that of 120 kHz SCS in FR2.
· HARQ-ACK information in response to a SPS PDSCH release, N in 38.213 Section 10.2
· HARQ-ACK information in response to a detection of a DCI format 1_1 indicating Scell dormancy, N in 38.213 Section 10.3
· Determination of the resource allocation table to be used for PUSCH, Δ in 38.214 Section 6.1.2.1.1
· UE PDSCH reception preparation time with cross carrier scheduling with different subcarrier spacings for PDCCH and PDSCH, Npdsch in 38.214 Section 5.5
· Application delay of the minimum scheduling offset restriction, Zµ in 38.214 Section 5.3.1
Agreement
From RAN1 perspective, for NR operation with 480 kHz and/or 960 kHz SCS, the value of minimum time gap for wake-up and Scell dormancy indication (DCI format 2_6) is scaled by 4 and 8 of the corresponding value of 120 kHz SCS for 480 kHz and 960 kHz SCS respectively.
· Note: X in 38.213 Section 10.3 and 38.133 Section 8.2.1.2.7.
· Send LS to RAN4 to inform about RAN1’s agreement of the reference values and ask RAN4 to make final decision
Agreement
For NR operation with 480 kHz and/or 960 kHz SCS, select the following as the set of values for PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0.
· {7, 8, 12, 16, 20, 24, 28, 32} for 480 kHz and {13, 16, 24, 32, 40, 48, 56, 64} for 960 kHz
Conclusion
For NR operation with 480 kHz and/or 960 kHz SCS, d1,1 and d2 (to derive Tproc,1 in PDSCH processing time) and d2,1 and d2 (to derive Tproc,2 in PUSCH preparation time) reuse the values for Rel-16.Agreement
· For multi-PDSCH or multi-PUSCH scheduling DCI, FDRA enhancement is deprioritized in Rel-17.
Agreement
· For multi-TRP operation, for 480/960 kHz SCS, 
· A UE does not expect to be scheduled with more than one unicast PDSCH in a slot, by a single DCI or multiple DCIs, from the same TRP.
· A UE does not expect to be scheduled with more than one PUSCH in a slot, by a single DCI or multiple DCIs, from the same TRP.
· Note: This does not preclude a UE being scheduled with two PDSCHs (or two PUSCHs) in the same slot from two different TRPs for multi-DCI based multi-TRP mechanism.
Agreement
· For a DCI that can schedule multiple PDSCHs, CBGTI and CBGFI fields are not present in the DCI.
· UE does not expect to be configured with both of CBG operation and multi-PDSCH scheduling in the serving cell with a Type 1 codebook.
· Confirm the working assumption from RAN1#106bis-e with the following modification.
Working assumption: (RAN1#106bis-e)
· UE does not expect to be configured with both of CBG operation and multi-PDSCH scheduling in the same PUCCH cell group with a Type 2 codebook. 
· If time bundling operation is supported, this working assumption can be revisited
Agreement
For 480/960 kHz SCS, CBG-based HARQ cannot be configured for uplink and downlink.

Agreement
The maximum number of PDSCHs that can be scheduled with a single DCI in Rel-17 is also 8 when 2 TB is enabled or when 2 TB is scheduled, for SCS of 120, 480 and 960 kHz.
· Note: This is to handle FFS (the maximum number of PDSCHs when 2 TB is enabled or when 2 TB is scheduled) in previous agreement in RAN1#106bis-e.
Agreement
For multi-PUSCH scheduling DCI in Rel-17, support intra-slot frequency hopping which is applicable to each of multiple PUSCH transmissions scheduled by the DCI, and do not support inter-slot frequency hopping.
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
Agreement
· If a UE is configured with a TDRA table in which one or more rows contain multiple SLIVs for PDSCH for DCI format 1_1, the UE does not expect to be configured with repetitionNumber for the TDRA table, and if pdsch-AggregationFactor is configued in PDSCH-config, it does not apply to DCI format 1_1.
· Note: repetitionNumber cannot be configured with pdsch-TimeDomainAllocationListDCI-1-2 as in Rel-16.
· Note: Under agenda item 8.2.4, in RAN1#106-bis, it was already agreed that within the TDRA table for multi-PDSCH scheduling, the UE does not expect to be configured with the higher layer parameter repetitionNumber.
· Note: These does not preclude pdsch-AggregationFactor can be configured and applies to DCI format 1_2
· If a UE is configured with a TDRA table in which one or more rows contain multiple SLIVs for PUSCH for DCI format 0_1, the UE does not expect to be configured with numberOfRepetitions for the TDRA table, and if pusch-AggregationFactor is configued in PUSCH-config, it does not apply to DCI format 0_1.
· Note: These does not preclude numberOfRepetitions is configured for TDRA table corresponding to DCI format 0_2
· Note: These does not preclude pusch-AggregationFactor can be configured and applies to DCI format 0_2
Agreement
· For type-2 HARQ-ACK codebook generation, HARQ-ACK bit ordering is based on configured SLIV position in the indicated TDRA row index, regardless of the validity of each scheduled PDSCH.
Agreement
· There is no consensus in RAN1 to support that HARQ-ACK information corresponding to different PDSCHs scheduled by a single DCI is carried over multiple PUCCHs in Rel-17.
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.
· If the RRC parameter is not configured for a serving cell, time domain bundling for type-2 HARQ-ACK codebook is not enabled for the serving cell.
· The maximum number of PDSCHs allocated to each bundling group is ceil(NPDSCH,MAX/NHBG) where NHBG is the number of bundling groups configured by numberOfHARQ-BundlingGroups for a serving cell and NPDSCH,MAX is the maximum configured number of PDSCHs for the 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)
· Logical AND operation is applied to across all valid PDSCHs within the same bundling group to generate 1 HARQ-ACK bit per group, at least for 1-TB case
· If the number of HARQ bundling groups is configured as 1 for a serving cell, HARQ-ACK bits corresponding to any DCI for the serving cell belong to the first sub-codebook.
· At least for 1-TB case, if the number of HARQ bundling groups is configured as larger than 1 for a serving cell, HARQ-ACK bits corresponding to multi-PDSCH scheduling case (which implies a multi-PDSCH DCI schedules more than one PDSCH) for the serving cell belong to the second sub-codebook,
· Where the number of HARQ-ACK bits corresponding to a multi-PDSCH DCI is determined based on the maximum of Q value across all serving cells within the same PUCCH cell group, and Q=maximum configured number of PDSCHs for a cell without numberOfHARQ-BundlingGroups configured or Q=number of configured HARQ bundling groups for a cell with numberOfHARQ-BundlingGroups configured



In this contribution, we discuss potential enhancements for remaining PDSCH/PUSCH related aspects in 52.6 – 71GHz and associated standard impacts. 
Discussions

On Gaps Between PDSCHs or Between PUSCHs 
There are several points to be considered when it comes to decide the maximum allowed gaps between PDSCHs/PUSCHs and/or the gap between the first and the last scheduled PDSCH/PUSCH in multi-PDSCH/PUSCH scheduling. Based on the discussion so far, two possible solutions can be identified (1) Introduce constraints on maximum value of the gap between two consecutively scheduled PDSCHs/PUSCHs and/or maximum value of the gap between the first and the last scheduled PDSCH/PUSCH. (2) Use the values inherently provided by the range of K0/K2 values already agreed. 

In RAN1#106bis-e, it was agreed that for 480 kHz and 960 kHz SCSs, the value range of K0 is 0~128 and value range of K2 is 0~128. While using values inherently provided by K0/K2 to restrict the gap between PDSCHs/PUSCHs and the span between first and the last PDSCH/PUSCH given scheduling flexibility and result low impact on specifications, this can also trigger additional requirement for LBT in unlicensed bands as the range is significantly large. Further, in multi-PDSCH/PUSCH scheduling, MCS for each CW appears only once in the DCI and the indicated value applies commonly for each PDSCH/PUSCH. However, having large gaps between PDSCHs or PUSCHs scheduled by the same DCI can increase the duration between the first PDSCH/PUSCH and the last PDSCH/PUSCH. Therefore, the gap between PDSCHs and PUSCHs should be carefully designed such that all the scheduled PDSCH/PUSCH are well inside the coherent time of the channel so that they all can use a single MCS. Moreover, having a large gap between the first PDSCH/PUSCH and the last PDSCH/PUSCH can create HARQ process starvation as HARQ processes are reserved until HARQ feedback process is successfully completed. This may also make the design unsuitable for the delay sensitive data transmission. One possible solution to overcome this issue is to support carrying HARQ-ACK information corresponding to different PDSCHs scheduled by a single DCI over multiple PUCCHs. With this, when there is a large gap between two PDSCHs or group of PDSCHs, HARQ-ACK information of PDSCHs received before the gap can be feedback to the gNB using the gap between the PDSCHs/PUSCHs. Finally, it is worth noting that the purpose of supporting non-consecutive PDSCHs/PUSCHs in multi-PDSCH/PUSCH scheduling is to accommodate UL/DL switching. To this end, we don’t need large gaps between PDSCHs/PUSCHs. Having maximum gaps of 2-3 slots should be sufficient. This restriction could be relaxed only if PDSCHs/PUSCHs scheduled by a single DCI can be configured with multiple MCSs and there are ways to ease the HARQ process starvation issues. Based on our discussion we make the following proposal, 


Proposal 1: The maximum value of the gap between the first scheduled PDSCH and the last scheduled PDSCH and the gap between the first scheduled PUSCH and the last scheduled PUSCH should be . 
Out-of-Order Scheduling
	In RAN1#106bis-e [2], it was agreed that for two multi-PDSCH (or two multi-PUSCH) scheduling DCIs, UE does not expect any of the scheduled PDSCHs (or PUSCHs) and the scheduling DCI to lead to out-of-order scheduling. Also, it was agreed to further study whether to allow out-of-order scheduling for following two cases, (1) One multi-PDSCH (or multi-PUSCH) scheduling DCI and one single-PDSCH (or single-PUSCH) scheduling DCI, where multi-PDSCH (or multi-PUSCH) scheduling DCI schedules more than one PDSCH (or PUSCH), (2) Two multi-PDSCH (or multi-PUSCH) scheduling DCIs end in the same symbol but two multi-PDSCH (or multi-PUSCH) scheduling DCIs have overlapping spans. Here the span is defined from the beginning of the first scheduled SLIV till the end of the last scheduled SLIV. 
	The advantage of supporting case 1 is that it can facilitate scheduling a high priority single-PDSCH (PUSCH) as in multi-PDSCHs/PUSCHs all PDSCHs/PUSCHs share the same priority index. However, given the short slot duration of new SCSs, the advantage this can provide is doubtful. The straightforward way to handle scheduling a single high priority PDSCH (PUSCH) is to manage it separately by the scheduler at the gNB. Also, in our opinion, case 1 does not need any further specification. As per Rel-16, it is considered as an out-of-order scheduling. In Rel-15/Rel-16, the out-of-order scheduling was not supported as it can affect pipeline processing of PDSCH at the UE making the PDSCH decoding process complicated. With multiple PDSCHs/PUSCHs scheduling by a single DCI, UE processing could be more complicated if out-of-orders scheduling is allowed. Therefore, we do not support out-of-order scheduling for case 2 as well. Based on the discussion, we make the following two proposals. 

Proposal 2: For the case of one multi-PDSCH (or multi-PUSCH) scheduling DCI and one single-PDSCH (or single-PUSCH) scheduling DCI, UE doesn’t expect any of the scheduled PDSCHs (or PUSCHs) and the scheduling DCI lead to out-of-order scheduling.  

Observation 1: For the case of one multi-PDSCH (or multi-PUSCH) scheduling DCI and one single-PDSCH (or single-PUSCH) scheduling DCI, any further specification is not needed. As per Rel-16, it is considered as an out-of-order scheduling and not supported. 

Proposal 3: A UE doesn’t expect the case of two multi-PDSCH (or multi-PUSCH) scheduling DCIs end in the same symbol but two multi-PDSCH (or multi-PUSCH) scheduling DCIs have overlapping spans where span is defined from the beginning of the first scheduled SLIV till the end of the last scheduled SLIV. 

Summary
In this contribution, we discussed the issues on PDSCH/PUSCH enhancements of NR in 52.6 – 71 GHz. From the discussions, we made following observation and proposals:
Observation 1: For the case of one multi-PDSCH (or multi-PUSCH) scheduling DCI and one single-PDSCH (or single-PUSCH) scheduling DCI, any further specification is not needed. As per Rel-16, it is considered as an out-of-order scheduling and not supported. 

Proposal 1: The maximum value of the gap between the first scheduled PDSCH and the last scheduled PDSCH and the gap between the first scheduled PUSCH and the last scheduled PUSCH should be . 
Proposal 2: For the case of one multi-PDSCH (or multi-PUSCH) scheduling DCI and one single-PDSCH (or single-PUSCH) scheduling DCI, UE doesn’t expect any of the scheduled PDSCHs (or PUSCHs) and the scheduling DCI lead to out-of-order scheduling. 
Proposal 3: A UE doesn’t expect the case of two multi-PDSCH (or multi-PUSCH) scheduling DCIs end in the same symbol but two multi-PDSCH (or multi-PUSCH) scheduling DCIs have overlapping spans where span is defined from the beginning of the first scheduled SLIV till the end of the last scheduled SLIV. 
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