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At the RAN1#107-e meeting, the following agreements and conclusions were made for PDSCH and PUSCH enhancement for extending NR to up to 71GHz [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 remaining issues on PDSCH and PUSCH enhancements, with primary focus on multi-PUSCH/PDSCH scheduling and HARQ-ACK feedback. 

1 Multi-PDSCH/PUSCH scheduling 
HARQ process number determination
At the RAN1#106b-e meeting, it was agreed that if one of multiple PDSCHs (or PUSCHs) scheduled by the DCI collides with a flexible symbol (indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated), and if that PUSCH is collided with SSB symbols indicated by ssb-PositionsInBurst, the HARQ process number increment is skipped for the PUSCH. Otherwise, the HARQ process number increment is not skipped for that PDSCH (or PUSCH). Further, it is FFS whether CORESET with Type0-PDCCH CSS set can be used to determine scheduled PUSCH is valid [2].
Note that the following specification was defined in Rel-15 for the set of symbols indicated for a CORESET with Type0-PDCCH CSS set. Based on this text, this indicates that gNB scheduler needs to ensure that there is no collision between scheduled PUSCH, and flexible symbols indicated for CORESET with Type0-PDCCH CSS set. In other words, UE can still transmit the PUSCH on the flexible symbols which are indicated for CORESET with Type0-PDCCH CSS set. 
	For a set of symbols of a slot indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, the UE does not expect the set of symbols to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated.


Same design principle can also be applied for multi-PUSCH scheduling. Given that UE can still transmit PUSCH on the flexible symbols indicated for CORESET with Type0-PDCCH CSS set, the scheduled PUSCH is valid, and the HARQ process number increment is not skipped for the PUSCH.
Proposal 1
· If a PUSCH is collided with symbol(s) indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, the HARQ process number increment is not skipped for the PUSCH.
· No TP is needed for HARQ process number increment for invalid PUSCH. 

Another issue for HARQ process number determination is whether and how to avoid the HARQ process number collision between SPS PDSCH/CG PUSCH and DG PDSCH/PUSCH. In Rel-15, if gNB schedules a DG PDSCH/PUSCH using a HARQ process number configured for SPS PDSCH/CG PUSCH, gNB should ensure the corresponding timeline is met, e.g., the PDCCH scheduling DG PUSCH should come at least N2 symbols before the CG PUSCH using the same HARQ process number. For multi-PDSCH/PUSCH scheduling, gNB can also schedule a DG PDSCH/PUSCH using a HARQ process number assigned for SPS PDSCH/CG PUSCH as long as the same timeline as Rel-15 is met. There would be more scheduling restriction for multi-PDSCH/PUSCH scheduling than single PDSCH/PUSCH scheduling. However, considering larger number of HARQ processes is supported, the restriction can be marginal. 
Proposal 2
· A HARQ process number configured for SPS PDSCH/CG PUSCH can be allocated to a PDSCH/PUSCH of multi-PDSCH/PUSCH scheduling, as long as the timeline is met. 
· No TP is needed for HARQ process number collision handling between SPS PDSCH/CG PUSCH and DG PDSCH/PUSCH.

Activation of SPS-PDSCH or CG-PUSCH
During the email discussion, the issue for activation of SPS-PDSCH or Type 2 CG-PUSCH by using multi-PDSCH or multi-PUSCH scheduling mechanism, respectively, was discussed. The candidate options are listed as follows:
· Option 1: Allow only single SLIV-based activation
· Option 2: Based on the last (valid) SLIV
· Option 3: Based on the first (valid) SLIV
When activating the SPS-PDSCH or Type 2 CG-PUSCH by multi-PDSCH/PUSCH scheduling, given that only one PDSCH or PUSCH is activated, it is more appropriate to activate the PDSCH or PUSCH based on the row with single SLIV. Note that as defined in Rel-15/16, DCI format 0_0 can be used to activate SPS-PDSCH or Type 2 CG-PUSCH. In this case, the mechanism to utilize multi-PDSCH/PUSCH scheduling to activate single PDSCH/PUSCH by using multi-SLIV row in the TDRA able is less motivated. Hence, in our view, for activation of SPS-PDSCH or Type-2 CG-PUSCH by using multi-PDSCH or multi-PUSCH scheduling mechanism, respectively, only single SLIV-based activation is allowed.
The following TP is proposed for activation of SPS-PDSCH or Type-2 CG-PUSCH by using multi-PDSCH or multi-PUSCH scheduling mechanism, respectively.
	------------------------------   TP#1: TS 38.213 -----------------------------------
*** Unchanged text is omitted ***
[bookmark: _Toc12021487][bookmark: _Toc20311599][bookmark: _Toc26719424][bookmark: _Toc29894859][bookmark: _Toc29899158][bookmark: _Toc29899576][bookmark: _Toc29917313][bookmark: _Toc36498187][bookmark: _Toc45699214][bookmark: _Toc74762953]10.2	PDCCH validation for DL SPS and UL grant Type 2
A UE validates, for scheduling activation or scheduling release, a DL SPS assignment PDCCH or a configured UL grant Type 2 PDCCH if
-	the CRC of a corresponding DCI format is scrambled with a CS-RNTI provided by cs-RNTI, and
-	the new data indicator field in the DCI format for the enabled transport block is set to '0', and
-	the DFI flag field, if present, in the DCI format is set to '0', and
-	if validation is for scheduling activation and if the PDSCH-to-HARQ_feedback timing indicator field in the DCI format is present, the PDSCH-to-HARQ_feedback timing indicator field does not provide an inapplicable value from dl-DataToUL-ACK-r16. 
-	for scheduling activation, the Time domain resource assignment field in the DCI format indicates a row with single SLIV
*** Unchanged text is omitted ***



Proposal 3
· For activation of SPS-PDSCH or Type-2 CG-PUSCH by using multi-PDSCH or multi-PUSCH scheduling mechanism, respectively, only single SLIV-based activation is allowed. 
· Agree on TP1 for activation of SPS-PDSCH or Type-2 CG-PUSCH by using multi-PDSCH or multi-PUSCH scheduling mechanism, respectively.

Out-of-order handling
The Out-of-order (OOO) handling in NR is to restrict the relative timing among two PDCCHs and the scheduled PDSCHs/PUSCH, or among two PDSCHs and PUCCHs with HARQ-ACK for the PDSCHs. With multi-PDSCH/PUSCH scheduling, one PDCCH can schedule multiple PDSCHs or PUSCHs. Therefore, it needs clarification how to apply the OOO handling to multi-PDSCH/PUSCH scheduling. 
	For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i.
…
for any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i.


Figure 1 provides 4 examples on the relative timing of PDCCH and associated PDSCH/PUSCH. It is assumed each DCI schedules 3 PDSCHs/PUSCHs in Case A/B. It is already agreed that Case B is invalid due to OOO. Since there is no real difference for a UE to process the multiple PDSCHs/PUSCHs of Case A/B, it is reasonable to treat Case A as invalid scheduling too. In Case C/D, the DCI 1 still schedules 3 PDSCHs/PUSCHs, while DCI 2 only schedules single PDSCH/PUSCH. There is basically no difference between Case C/D and Case A/B from scheduling timing point of view. Therefore, it is preferred to apply same handling, i.e., both Case C and D are invalid scheduling. 


[bookmark: _Ref84024321]Figure 1. Relative timing between two PDCCHs and the scheduled PDSCHs

	In a given scheduled cell, the UE is not expected to receive a first PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and a second PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j.



Based on the above text, for two scheduled PDSCHs by different PDCCHs, it is clear that UE does not expect a PUCCH associated with a later PDSCH comes earlier than a PUCCH associated with an earlier PDSCH. In case of two PDSCHs with one PDSCH is scheduled by DCI and the other is SPS PDSCH, some clarification may be needed. To avoid violation of existing PDSCH to PUCCH OOO, if SPS PDSCH is in the middle of a set of PDSCHs scheduled by a single DCI, the PUCCH for SPS PDSCH should be the same PUCCH for the scheduled PDSCHs. Therefore, as illustrated in Figure 2, case E and F is valid while case G and H is invalid. 


Figure 2. Relative timing between two PDSCHs and PUCCHs

The following TP is proposed for the OOO handling between PDCCH and the associated PDSCH(s) and PUSCH(s)
	------------------------------   TP#2: TS 38.214 -----------------------------------
*** Unchanged text is omitted ***
[bookmark: _Toc11352080][bookmark: _Toc20317970][bookmark: _Toc27299868][bookmark: _Toc29673133][bookmark: _Toc29673274][bookmark: _Toc29674267][bookmark: _Toc36645497][bookmark: _Toc45810542][bookmark: _Toc83310127]5.1	UE procedure for receiving the physical downlink shared channel
*** Unchanged text is omitted ***
For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i. In a given scheduled cell, if the UE is scheduled to receive multiple PDSCHs, with the first PDSCH starting in symbol j and the last PDSCH ending in symbol k, by a first PDCCH ending in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting no earlier than symbol j and no later than symbol k with a second PDCCH.
*** Unchanged text is omitted ***
[bookmark: _Toc11352138][bookmark: _Toc20318028][bookmark: _Toc27299926][bookmark: _Toc29673199][bookmark: _Toc29673340][bookmark: _Toc29674333][bookmark: _Toc36645563][bookmark: _Toc45810608][bookmark: _Toc83310193]6.1	UE procedure for transmitting the physical uplink shared channel
*** Unchanged text is omitted ***
Except for the case when a UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet for the active BWP of a serving cell and PDCCHs that schedule two non-overlapping in time domain PUSCHs are associated to different ControlResourceSets having different values of coresetPoolIndex, 
· for any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i. 
· in a given scheduled cell, if the UE is scheduled to transmit multiple PUSCHs, with the first PUSCH starting in symbol j and the last PUSCH ending in symbol k, by a first PDCCH ending in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting no earlier than symbol j and no later than symbol k with a second PDCCH.
*** Unchanged text is omitted ***



Proposal 4
· For two PDCCHs and the associated PDSCH(s) and PUSCH(s), if at least one PDCCH is scheduling multiple PDSCHs/PUSCHs, referring to Figure 1,
· Case A/B/C/D are invalid; 
· The existing specification should be updated to reflect that Case A/C are invalid 
· Agree on the TP 2 on OOO handling between two PDCCHs and the associated PDSCH(s) and PUSCH(s)
· For two sets of PDSCHs and associated PUCCH, if at least one set of PDSCHs is of multiple PDSCHs/PUSCHs, referring to Figure 2,
· Case E/F are valid, and Case G/H is invalid. 
· The existing specification is sufficient for cases E/F/G/H. 
· No TP is needed on OOO handling between two sets of PDSCHs and associated PUCCH. 

Operations based on configured or valid SLIV
During the discussions in last RAN1 meeting, there was a clarification on whether “scheduled PxSCH” in previous agreements implies configured PxSCH or valid PxSCH. For the configured SLIVs of an indicated TDRA row, one or more SLIVs may not correspond to valid PxSCH transmission. A PxSCH may be invalid depending on semi-static TDD UL/DL configuration or indicated SSB positions. Though it is possible to omit the information for an invalid PxSCH in the DCI format, or define certain behaviour based on the valid SLIVs, we prefer to avoid unnecessary optimization. 
There is no real gain to remove NDI/RV of invalid PxSCH since the DCI size is constant and determined by the configured maximum number of SLIVs across all TDRA rows. If only one SLIV among the configured SLIVs of an indicated TDRA row is valid, it may be considered to indicate a 2-bit RV filed for the single valid SLIV in the DCI. However, it complicates the specification with limited gain. Therefore, we prefer to avoid such optimization. For A-CSI on PUSCH, it is concluded that the A-CSI is multiplexed on the penultimate PUSCH. In our view, it is up to gNB to guarantee the penultimate PUSCH is valid. 
One further issue is on OOO handling. It is possible that the multi-PDSCH/PUSCH scheduled by two DCIs are OOO if the configured SLIVs of the scheduled TDRA rows are considered. On the other hand, it may not violate OOO considering only the valid SLIVs. OOO handling has impact on Type-1 HARQ-ACK transmission with time bundling. If OOO is defined by valid SLIV(s), it allows gNB to schedule two PDSCH transmissions by two DCIs with same K1 value. However, there may only exist single occasion for HARQ-ACK feedback in the Type-1 HARQ-ACK codebook. Therefore, OOO handling based on configured SLIVs is preferred to avoid conflicting between OOO handling and Type-1 HARQ-ACK transmission. 
Proposal 5: The following behavior should be defined based on the configured SLIVs of a TDRA row, 
· NDI/RV field in the DCI format
· A-CSI multiplexing on the multiple PUSCHs scheduled by a DCI
· OOO handling
· No TP is needed as operation based on configured SLIVs is the default behavior

2 HARQ-ACK feedback
Remaining issues with time bundling
When time bundling is configured for HARQ-ACK codebook, there are two FFS points from last meeting. For Type-1 HARQ-ACK codebook, it is FFS that UE does not expect the last scheduled SLIV overlaps with a semi-static UL symbol when parameter enableTimeDomainHARQ-Bundling is configured. Such a limitation unnecessarily reduces the gNB scheduling flexibility. We prefer to align the same behaviour with legacy PDSCH repetition. For Type-2 HARQ-ACK codebook, it is open whether the multiple bundling groups are allocated based on the configured or valid SLIVs of the scheduled TDRA row. The scheme based on configured SLIVs is more robust and simpler, which was almost agreed in last meeting. It is not concluded due to lack of meeting time. 
[bookmark: _Hlk92228989]The following TP is proposed to handle the HARQ-ACK bundling when Type-2 HARQ-ACK codebook is configured. 
	------------------------------   TP#3: TS 38.213 -----------------------------------
*** Unchanged text is omitted ***
[bookmark: _Ref500250940][bookmark: _Toc12021473][bookmark: _Toc20311585][bookmark: _Toc26719410][bookmark: _Toc29894843][bookmark: _Toc29899142][bookmark: _Toc29899560][bookmark: _Toc29917297][bookmark: _Toc36498171][bookmark: _Toc45699197][bookmark: _Toc92093839]9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
*** Unchanged text is omitted ***
If a UE is provided numberOfHARQ-BundlingGroups for a serving cell , the UE generates HARQ-ACK information over transport block groups (TBGs) for PDSCH receptions where, for a maximum number of  PDSCH receptions scheduled by a DCI format on the serving cell, a maximum number of TBGs  is provided by numberOfHARQ-BundlingGroups. If the UE detects a DCI format scheduling  PDSCH receptions on the serving cell , the UE generates  HARQ-ACK information bits for first TBs and, if applicable, generates  HARQ-ACK information bits for second TBs in the  PDSCH receptions as described in clause 9.1.1 by setting  and .  is the number of configured PDSCHs indicated by the Time domain resource assignment field in the DCI. 
*** Unchanged text is omitted ***



Proposal 6: If time bundling is configured, 
· For Type1 HARQ-ACK codebook, it is allowed that the last scheduled SLIV overlaps with a semi-static UL symbol.
· For Type2 HARQ-ACK codebook, the bundling groups are allocated based on the configured SLIVs of the indicated TDRA row.
· Agree on the TP 3 to handle the HARQ-ACK bundling when Type-2 HARQ-ACK codebook is configured.

Spatial bundling and time bundling are both supported for HARQ-ACK payload size reduction. A separate RRC parameter for time bundling was already agreed in additional to the existing parameter for spatial bundling. Therefore, we prefer to confirm that spatial bundling and time bundling can be independently enabled/disabled in HARQ-ACK transmission. The existing RRC parameter for spatial bunding is configured per PUCCH cell group. On the other hand, the agreed RRC parameter for time bundling is configured per cell. The agreement on Type-2 HARQ-ACK codebook with time bundling is currently expressed assuming single TB per PDSCH. The same principle can be easily extended to the case configured with two TBs per PDSCH. If spatial bundling is not configured, the sub-codebook which contains the HARQ-ACK for a PDSCH of a cell is determined same as the current agreement, except that 2 HARQ-ACK bits are generated per PDSCH for the cell. If spatial bundling is configured, the behaviour becomes exactly same as the current agreements. 
The following TP is proposed to generate the Type-2 HARQ-ACK codebook depending on the configuration of spatial bundling. 
	------------------------------   TP#4: TS 38.213 -----------------------------------
*** Unchanged text is omitted ***
9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
*** Unchanged text is omitted ***
If a UE is not provided numberOfHARQ-BundlingGroups, detects a first DCI format scheduling one PDSCH reception or having associated HARQ-ACK information without scheduling a PDSCH reception, if any, and a second DCI format scheduling more than one PDSCH reception on a serving cell from the  serving cells, if any, and the UE would provide corresponding HARQ-ACK information in a same PUCCH, the UE determines the  according to the previous pseudo-code with the following modifications
*** Unchanged text is omitted ***
-	instead of generating one HARQ-ACK information bit per transport block for serving cell , the UE generates  HARQ-ACK information bits where  is the maximum value of  across all  serving cells,  is a maximum number of PDSCH receptions that can be scheduled by a DCI format on serving cell  as described in [6, TS 38.214], and  is the value of maxNrofCodeWordsScheduledByDCI for serving cell  if harq-ACK-SpatialBundlingPUCCH is not configured, otherwise =1. The UE generates the  HARQ-ACK information bits in ascending order of the  PDSCHs, including any PDSCH that the UE does not receive in a slot as described in clause 11.1. If, for serving cell , the UE detects a DCI format that schedules  PDSCH receptions and , the UE generates NACK for the last  HARQ-ACK information bits
*** Unchanged text is omitted ***
If a UE is provided numberOfHARQ-BundlingGroups for a serving cell , the UE generates HARQ-ACK information over transport block groups (TBGs) for PDSCH receptions where, for a maximum number of  PDSCH receptions scheduled by a DCI format on the serving cell, a maximum number of TBGs  is provided by numberOfHARQ-BundlingGroups. If the UE detects a DCI format scheduling  PDSCH receptions on the serving cell , the UE generates  HARQ-ACK information bits for first TBs and, if applicable, generates  HARQ-ACK information bits for second TBs in the  PDSCH receptions as described in clause 9.1.1 by setting  and .
*** Unchanged text is omitted ***
-	instead of generating one HARQ-ACK information bit per transport block for a serving cell from the  serving cells, the UE generates  HARQ-ACK information bits, where  is the maximum value between  across all  serving cells if the UE is provided numberOfHARQ-BundlingGroups, and  across all  serving cells where the UE is not provided numberOfHARQ-BundlingGroups, and  is the value of maxNrofCodeWordsScheduledByDCI for serving cell  if harq-ACK-SpatialBundlingPUCCH is not configured, otherwise =1. If for a serving cell  where the UE is provided numberOfHARQ-BundlingGroups, it is , the UE generates NACK for the last  HARQ-ACK information bits for serving cell . If for a serving cell  where the UE is not provided numberOfHARQ-BundlingGroups, it is , the UE generates NACK for the last   HARQ-ACK information bits for serving cell .
*** Unchanged text is omitted ***



Proposal 7: In HARQ-ACK codebook generation, 
· Spatial bundling and time bundling can be independently configured and enabled/disabled in HARQ-ACK transmission.
· The agreement on Type-2 HARQ-ACK codebook generation with single TB per PDSCH applies per TB for a serving cell configured with two TBs per PDSCH.
· Agree on the TP 4 to generate the Type-2 HARQ-ACK codebook depending on the configuration of spatial bundling.

Type-3 HARQ-ACK codebook was introduced in Rel-16 which is to provide HARQ-ACK feedback for all the HARQ processes respectively. It has the benefit of fixed codebook size, at the cost of large overhead. In addition to spatial bundling, time bundling can apply to Type-3 codebook. The HARQ-ACK for M consecutive HARQ processes may be bundled, . This operation fits well with multi-PDSCH scheduling by a DCI, since the N PDSCHs scheduled by a DCI use N consecutive HARQ processes starting from the HARQ process number indicated by the DCI. Therefore,  bundled HARQ-ACK bits can be generated for the N PDSCHs. Each bundled HARQ-ACK bit corresponds to up to M PDSCHs scheduled by the same DCI. 
Proposal 8
· Time domain bundling can be applied to Type-3 HARQ-ACK codebook. 
· HARQ-ACK bits of two or more consecutive HARQ processes that are scheduled by the same DCI can be bundled. 

DCI format 1_0 in Type-1 HARQ-ACK codebook
In the existing Type-1 HARQ-ACK transmission in NR, a DCI format 1_0 can only be used to schedule a PDSCH transmission if the indicated K1 value belongs to the intersection of the configured set of K1 values for DCI format 1_1/1_2 and the predefined set of K1 values for DCI format 1_0, i.e. {1,2,3,4,5,6,7,8}. The Type-1 HARQ-ACK transmission with time bundling for FR2-2 can be considered as generation of an extended set of K1 values then allocate occasions for candidate PDSCH reception for each of the extended K1 values. Correspondingly, the restriction on DCI format 1_0 can be relaxed, i.e., the indicated K1 value in DCI format 1_0 must belong to the intersection of the extended set of K1 values for DCI format 1_1/1_2 and the predefined set of K1 values for DCI format 1_0.
The following TP is proposed to determine the allowed K1 values for DCI format 1_0. 
	------------------------------   TP#5: TS 38.213 -----------------------------------
*** Unchanged text is omitted ***
9.1.2.1	Type-2 HARQ-ACK codebook in physical uplink control channel
*** Unchanged text is omitted ***
set 
while 
*** Unchanged text is omitted ***
while 
;
;
end while
;
end while
;
*** Unchanged text is omitted ***
If a UE is provided dl-DataToUL-ACK or dl-DataToUL-ACK-DCI-1-2, the UE does not expect to be indicated by DCI format 1_0 a slot timing value for transmission of HARQ-ACK information that does not belong to the intersection of the set of slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for SCS configuration of PUCCH transmission , {7, 8, 12, 16, 20, 24, 28, 32} for , and {13, 16, 24, 32, 40, 48, 56, 64} for , and the set of slot timing values provided by  for the active DL BWP of a corresponding serving cell.
*** Unchanged text is omitted ***



Proposal 9
· For Type-1 HARQ-ACK codebook, if time bundling is not configured, a PDSCH can be scheduled by DCI format 1_0 if the indicated K1 belongs to the intersection of the extended set of K1 values for DCI format 1_1/1_2 and the predefined set of K1 values for DCI format 1_0. 
· Agree on the TP 5 to determine the allowed K1 values for DCI format 1_0

Up to 32 HARQ processes for FR2-2
In last RAN1 meeting, there was a discussion on the misalignment of maximum number of HARQ processes for SCS 120/480/960kHz for a serving cell. If up to 32 HARQ processes are supported for SCS 480/960kHz and up to 16 HARQ processes are supported for SCS 120kHz, special handling becomes necessary for the switching between a BWP with SCS 480/960kHz and another BWP with SCS 120kHz. Given the UE already has a capability to handle up to 32 HPs, we believe the simplest solution is to allow up to 32 HARQ processes for SCS 120kHz.  
Proposal 10 
· Up to 32 HARQ processes can be configured for SCS 120kHz.
· The same configured number of HARQ processes applies to all possible SCSs for a FR2-2 cell. 
· No TP is needed since same number of HARQ processes for BWPs with different numerologies can be configured.

3 Conclusion
In this contribution, we discuss the remaining issues of multi-PDSCH/PUSCH scheduling and HARQ-ACK feedback enhancements associated with multi-slot scheduling. The following are list of all proposals:
Proposal 1
· If a PUSCH is collided with symbol(s) indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, the HARQ process number increment is not skipped for the PUSCH.
· No TP is needed for HARQ process number increment for invalid PUSCH. 
Proposal 2
· A HARQ process number configured for SPS PDSCH/CG PUSCH can be allocated to a PDSCH/PUSCH of multi-PDSCH/PUSCH scheduling, as long as the timeline is met. 
· No TP is needed for HARQ process number collision handling between SPS PDSCH/CG PUSCH and DG PDSCH/PUSCH.
Proposal 3
· For activation of SPS-PDSCH or Type-2 CG-PUSCH by using multi-PDSCH or multi-PUSCH scheduling mechanism, respectively, only single SLIV-based activation is allowed. 
· Agree on TP1 for activation of SPS-PDSCH or Type-2 CG-PUSCH by using multi-PDSCH or multi-PUSCH scheduling mechanism, respectively.

Proposal 4
· For two PDCCHs and the associated PDSCH(s) and PUSCH(s), if at least one PDCCH is scheduling multiple PDSCHs/PUSCHs, referring to Figure 1,
· Case A/B/C/D are invalid; 
· The existing specification should be updated to reflect that Case A/C are invalid 
· Agree on the TP 2 on OOO handling between two PDCCHs and the associated PDSCH(s) and PUSCH(s)
· For two sets of PDSCHs and associated PUCCH, if at least one set of PDSCHs is of multiple PDSCHs/PUSCHs, referring to Figure 2,
· Case E/F are valid, and Case G/H is invalid. 
· The existing specification is sufficient for cases E/F/G/H. 
· No TP is needed on OOO handling between two sets of PDSCHs and associated PUCCH. 

Proposal 5: The following behavior should be defined based on the configured SLIVs of a TDRA row, 
· NDI/RV field in the DCI format
· A-CSI multiplexing on the multiple PUSCHs scheduled by a DCI
· OOO handling
· No TP is needed as operation based on configured SLIVs is the default behavior

Proposal 6: If time bundling is configured, 
· For Type1 HARQ-ACK codebook, it is allowed that the last scheduled SLIV overlaps with a semi-static UL symbol.
· For Type2 HARQ-ACK codebook, the bundling groups are allocated based on the configured SLIVs of the indicated TDRA row.
· Agree on the TP 3 to handle the HARQ-ACK bundling when Type-2 HARQ-ACK codebook is configured.

Proposal 7: In HARQ-ACK codebook generation, 
· Spatial bundling and time bundling can be independently configured and enabled/disabled in HARQ-ACK transmission.
· The agreement on Type-2 HARQ-ACK codebook generation with single TB per PDSCH applies per TB for a serving cell configured with two TBs per PDSCH.
· Agree on the TP 4 to generate the Type-2 HARQ-ACK codebook depending on the configuration of spatial bundling.
Proposal 8
· Time domain bundling can be applied to Type-3 HARQ-ACK codebook. 
· HARQ-ACK bits of two or more consecutive HARQ processes that are scheduled by the same DCI can be bundled. 

Proposal 9
· For Type-1 HARQ-ACK codebook, if time bundling is not configured, a PDSCH can be scheduled by DCI format 1_0 if the indicated K1 belongs to the intersection of the extended set of K1 values for DCI format 1_1/1_2 and the predefined set of K1 values for DCI format 1_0. 
· Agree on the TP 5 to determine the allowed K1 values for DCI format 1_0

Proposal 10 
· Up to 32 HARQ processes can be configured for SCS 120kHz.
· The same configured number of HARQ processes applies to all possible SCSs for a FR2-2 cell. 
· No TP is needed since same number of HARQ processes for BWPs with different numerologies can be configured.
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