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1. Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK27][bookmark: OLE_LINK28]In this contribution, we discuss DMRS bundling related issue, as well as remaining issues for multi-PDSCH/PUSCH scheduling and HARQ-ACK feedback.
1. [bookmark: _Hlk68168072]DMRS bundling for PUSCH repetition
In RAN1#107b-e meeting, it was discussed whether to apply DMRS bundling introduced in Rel-17 CovEnh WI for NR operation in FR2-2, and the following conclusion was achieved [1].
Conclusion 
DMRS bundling across multiple PUSCHs scheduled by a single DCI is not supported for NR operation in FR2-2 in Rel-17.
Note: applicability of DMRS bundling FG developed in CovEnh WI for same TB to FR2-2 with 120 kHz SCS can be further discussed
For PUSCH repetition with 120 kHz SCS, PUSCH DMRS bundling was introduced in Rel-17 CovEnh WI. This feature is not restricted to specific frequency band, and it is beneficial for PUSCH performance when the phase coherency and power consistency are guaranteed across repetitions of a PUSCH. Therefore, we have the proposal below.
[bookmark: _Ref92383423]Proposal 1: For the case where the predefined requirements specified in Rel-17 CovEnh WI are met, i.e. the phase coherency and power consistency are guaranteed across repetitions of a PUSCH, DMRS bundling FG developed in Rel-17 CovEnh WI for same TB can be applied to FR2-2 with 120 kHz SCS.
2. Multi-PDSCH/PUSCH scheduling
3.1 DCI design for multi-PDSCH/PUSCH scheduling
3.1.1 DCI-to-data out-of-order issue
During RAN1#107b-e meeting, DCI-to-data OOO issue was discussed again, ending with the uncontroversial part as a conclusion listed as below.
Conclusion
· UE does not expect any of the scheduled PDSCHs (or PUSCHs) and the scheduling DCIs to lead to out-of-order scheduling, also for the case of 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).
· This may not have specification impact.
· Note: It is separately discussed whether the scheduled PDSCHs (or PUSCHs or SLIV) is based on configured SLIV or valid SLIV.


As suggested by the moderator, the controversial part will be discussed in RAN1#108-e meeting, listed as below.
· The case where two multi-PDSCH (or multi-PUSCH) scheduling DCIs end in the same symbol but these two multi-PDSCH (or multi-PUSCH) scheduling DCIs have overlapping spans, where the span is defined from the beginning of the first scheduled SLIV till the end of the last scheduled SLIV, is considered as out-of-order scheduling and is not expected by UE.
· This applies also when one of two DCIs is single-PDSCH (or single-PUSCH) scheduling DCI.


[bookmark: _Hlk92793142]Regarding the above description, in our understanding, for Rel-15/16 PDSCH/PUSCH repetition operation with pdsch-AggregationFactor/pusch-AggregationFactor or repetitionNumber-r16/numberOfRepetitions-r16, overlapping spans is allowed, where the span can be regarded as from the beginning of the first repetition till the end of the last repetition belonging to a given PDSCH/PUSCH with repetitions, as long as any two repetitions for the involved two PDSCHs/PUSCHs don’t overlap each other.
[bookmark: _Ref92817376]Observation 1: The case where two DCIs, each of which schedules a multi-slot PDSCH (or a multi-slot PUSCH), end in the same symbol but the two scheduled multi-slot PDSCHs (or the two scheduled multi-slot PUSCHs) have overlapping spans, where the span is defined from the beginning of the first repetition till the end of the last repetition for a PDSCH/PUSCH, is allowed in Rel-15/16.
Based on this observation, we don’t see strong motivation to regard the case where two multi-PDSCH (or multi-PUSCH) scheduling DCIs end in the same symbol but have overlapping spans as out-of-order scheduling.
[bookmark: _Ref92815514]Proposal 2: For multi-PDSCH/PUSCH scheduling, DCI-to-data out-of-order scheduling is defined as NR Rel-15/16 without any exception.
3.1.2 Clarification on “scheduled PXSCH”
During RAN1#107b-e meeting, discussion on the issue whether “scheduled PXSCH” in previous agreements implies valid PXSCH or not was divided into the following 7 cases.
Case 1: For NDI/RV, are NDI/RV fields for invalid PXSCHs present in multi-PXSCH scheduling DCI?
Case 2: For RV field, is the bit-width between 1 bit and 2 bits determined based on the number of configured SLIVs or valid SLIVs?
Case 3: For CSI-request, is the number M determined based on the number of configured SLIVs or valid SLIVs?
Case 4: For CBGTI field, is the presence of CBGTI field determined based on the number of configured SLIVs or valid SLIVs?
Case 5: For out-of-order scheduling, is the rule for OOO scheduling determined based on configured SLIVs or valid SLIVs?
Case 6: For a first DCI scheduling multiple PDSCHs and providing an inapplicable value of k1 in its PDSCH-to-HARQ_feedback timing indicator filed, to multiplex the corresponding HARQ-ACK information in a PUCCH or PUSCH in a slot indicated by the PDSCH-to-HARQ_feedback timing indicator filed in a second DCI, only the valid PDSCHs scheduled by the first DCI are considered for definition of the corresponding timeline requirements.
Case 7: In the case of multi-PDSCH scheduling via a single DCI with ‘tdmSchemeA’, cancel both of two repeated PDSCHs if at least one of repeated PDSCHs collides with semi-static UL symbols or determine the validity rule for each of repeated PDSCHs
Case 1/2/4 were resolved during RAN1#107b-e meeting with corresponding agreement/conclusion listed as below.
Agreement
For a DCI that can schedule multiple PDSCHs or multiple PUSCHs,
· It is clarified that NDI/RV fields in the following previous agreements correspond to scheduled PDSCHs indicated by the TDRA information field.

Agreement: (RAN1#104-bis)
For a DCI that can schedule multiple PDSCHs,
· NDI for the 1st TB: This is signaled per PDSCH and applies to the first TB of each PDSCH
· RV for the 1st TB: This is signaled per PDSCH, with 2 bits if only a single PDSCH is scheduled or 1 bit for each PDSCH otherwise and applies to the first TB of each PDSCH

Agreement: (RAN1#106bis-e)
For a DCI that can schedule multiple PDSCHs, and if RRC parameter configures that two codeword transmission is enabled,
· NDI for the 2nd TB: This is signalled per PDSCH and applies to the 2nd TB of each PDSCH
· RV for the 2nd TB: This is signalled per PDSCH, with 2 bits if only a single PDSCH is scheduled or 1 bit for each PDSCH otherwise and applies to the 2nd TB of each PDSCH

· Above clarification also applies to the DCI scheduling multiple PUSCHs, i.e., NDI/RV fields in the DCI correspond to scheduled PUSCHs indicated by the TDRA information field.
· The following example change to 38.214 Sections 5.1.3 and 6.1.4 can be recommended to the editor of 38.214 to use at the editor’s discretion


Conclusion
It is clarified that the absence or presence of CBGTI field in the following previous agreement is determined based on scheduled PUSCHs indicated by the TDRA information field (i.e. irrespective of whether this is a valid PUSCH).
Agreement: (RAN1#105-e)
· At least for 120 kHz SCS, for a DCI that can schedule multiple PUSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs,
· If CBG-based (re)transmission is configured, CBGTI field is not present when more than one PUSCHs are scheduled, but is present when a single PUSCH is scheduled, as in Rel-16.



Here our views on Case 3/5/6/7 are provided as below.
· Case 3: A-CSI request
In our opinion, for A-CSI request, the number M can be determined based on the number of configured SLIVs in the TDRA row indicated by the DCI for simplicity. No additional rule needs to be introduced, and it is up to gNB implementation to ensure the scheduled PUSCH conveying an A-CSI is valid.
[bookmark: _Ref95732989]Proposal 3: For multi-PUSCH scheduling and A-CSI request, the number M is determined based on the number of configured SLIVs in the TDRA row indicated by the DCI.
· Case 5: OoO
In our understanding, an invalid PDSCH/PUSCH can be regarded as not scheduled actually by the gNB, and OoO rules are applied only to cases where PDSCH(s)/PUSCH(s) is(are) scheduled actually. Otherwise, many cases will be ruled out unnecessarily, resulting in rather restrictive scheduling.
[bookmark: _Ref95733009]Proposal 4: For multi-PDSCH/PUSCH scheduling, OoO scheduling rules are applied only to valid SLIV(s) in the TDRA row indicated by a scheduling DCI.
· Case 6: NNK1
As mentioned above, an invalid PDSCH can be regarded as not scheduled by the gNB, therefore it is natural to not consider invalid PDSCH(s) scheduled by the first DCI when PDSCH(s) scheduled by the first DCI is(are) used to decide if an SPS PDSCH reception is received after the PDSCH(s) or not.
[bookmark: _Ref95733026]Proposal 5: For multi-PDSCH scheduling, and for case(s) where Type-2 codebook/enhanced Type-2 codebook is configured and an inapplicable value is provided by a PDSCH-to-HARQ_feedback timing indicator field included in a first DCI scheduling more than one PDSCH, only valid PDSCH(s) scheduled by the first DCI is considered to decide if an SPS PDSCH reception is received after the PDSCH(s) or not.
· Case 7: tdmSchemeA
In [4] the following is proposed. 
Proposal 7: In the case of multi-PDSCH scheduling via a single DCI with 'tdmSchemeA', consider one of the following options to handle the overlap with semi-static UL symbols 
· Option 1: If one of the repetitions of the PDSCH collides with semi-static UL symbols, the corresponding PDSCH is considered as not valid
· Option 2: If the first repetition of the PDSCH collides with semi-static UL symbols, the corresponding PDSCH is considered as not valid
· On the other hand, if only the second repetition of the PDSCH collides with semi-static UL symbol, the PDSCH is still considered valid


Between the above two options, Option 2 is preferred to transmit a scheduled PDSCH as much as possible. In other words, if the PDSCH transmission occasion corresponding to the configured SLIV is valid, the PDSCH is regarded as valid, no matter if the second PDSCH transmission occasion collides with semi-static UL symbol(s) or not.
[bookmark: _Ref95733043]Proposal 6: For multi-PDSCH scheduling in conjunction with ‘tdmSchemeA’ of M-TRP, and for a scheduled PDSCH, if the PDSCH transmission occasion corresponding to the configured SLIV, i.e. the first PDSCH transmission occasion, does not collide with any semi-static UL symbol, the scheduled PDSCH is regarded as valid, no matter if the second PDSCH transmission occasion collides with semi-static UL symbol(s) or not.
3.2 HARQ-ACK feedback for multi-PDSCH scheduling
3.2.1 Type-1 HARQ-ACK codebook
· Calculation of 
During RAN1#107b-e meeting, the following agreement regarding  calculation for Type-1 codebook when multi-PDSCH scheduling is configured, was achieved without a corresponding TP. 
Agreement
For type-1 HARQ-ACK codebook, if , the UE determines a number of HARQ-ACK information bits  for obtaining a transmission power for a PUCCH, as follows.
· For a serving cell c configured with enableTimeDomainHARQ-Bundling, and for a DCI format indicating a TDRA row that includes more than one SLIV entry on the serving cell c, the UE considers a PDSCH (which carries one or two transport blocks enabled by the DCI format irrespective of whether the PDSCH is valid or not) only associated with the last SLIV as received, to determine .


To reflect the above agreement in TS38.213, the following TP1 can be considered, with the modified text in red.
------------------------------------------------------------Start TP1---------------------------------------------------------------
9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
……
If , the UE determines a number of HARQ-ACK information bits  for obtaining a transmission power for a PUCCH, as described in clause 7.2.1, as  where 
-	 are all DL cells where the UE is configured to receive unicast or multicast PDSCHs
-	 is the cardinality for the union of all sets  of occasions for unicast or multicast PDSCH receptions or SPS PDSCH releases for serving cell 
-	 is the number of transport blocks the UE receives in PDSCH reception occasion  for serving cell  if harq-ACK-SpatialBundlingPUCCH and PDSCH-CodeBlockGroupTransmission are not provided, or the number of transport blocks the UE receives in PDSCH reception occasion  for serving cell  if PDSCH-CodeBlockGroupTransmission is provided and the PDSCH reception is scheduled by a DCI format that does not support CBG-based PDSCH receptions, or the number of PDSCH receptions if harq-ACK-SpatialBundlingPUCCH is provided or SPS PDSCH release or TCI state update in PDSCH reception occasion  for serving cell  and the UE reports corresponding HARQ-ACK information in the PUCCH.
- if enableTimeDomainHARQ-Bundling is provided for serving cell , for a DCI format indicating a TDRA row that includes more than one SLIV entry on serving cell c, a PDSCH associated with the last SLIV is considered as received and carrying one or two transport blocks enabled by the DCI format irrespective of whether the PDSCH is valid or not, a PDSCH other than the PDSCH associated with the last SLIV is considered as not received.
-	 is the number of CBGs the UE receives in a PDSCH reception occasion  for serving cell  if PDSCH-CodeBlockGroupTransmission is provided and the PDSCH reception is scheduled by a DCI format that supports CBG-based PDSCH receptions and the UE reports corresponding HARQ-ACK information in the PUCCH.
------------------------------------------------------------End TP1----------------------------------------------------------------
[bookmark: _Ref92387715][bookmark: _Ref92817663]Proposal 7: For multi-PDSCH scheduling and Type-1 codebook, consider the TP1 in TS38.213 for the calculation of .
3.2.2 Type-2 HARQ-ACK codebook
· Time domain bundling operation
During RAN1#107-e meeting, an agreement about time domain bundling for Type-2 codebook has been achieved, listed as below.
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


According to the above agreement, whether division of bundling groups is based on configured SLIVs or valid SLIVs of the indicated TDRA row index was not determined.
During RAN1#107b-e meeting, the above issue was discussed extensively, but the decision was not made in the end of meeting. 
Clearly grouping based on valid SLIVs can provide advantage in more cases. Specifically, when division of bundling groups is based on valid SLIVs, valid SLIVs can be divided into different bundling groups more even, therefore number of valid SLIVs divided into any bundling group may be smaller, compared to division based on configured SLIVs. Consequently, division of bundling groups based on valid SLIVs may offer better re-transmission efficiency.
With respect to specification impact, although the current version of TS38.213 is written according to grouping based on configured SLIVs, either of alternatives (i.e. grouping based on configured SLIVs or valid SLIVs) requires additional specification work to be reflected in TS38.213 clearly. In the following a TP for each alternative is given for comparison of specification impact.
If grouping based on configured SLIVs would be adopted, the following TP2a can be considered, with the modified text in red.
------------------------------------------------------------Start TP2a---------------------------------------------------------------
9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
……
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 , with the following exception:
-	If the UE does not receive each PDSCH included in a TBG as described in clause 11.1, the UE generates a NACK for the HARQ-ACK information bit of the TBG. Otherwise, the UE generates the value for the HARQ-ACK information bit of the TBG by only considering PDSCH(s) included in the TBG that the UE receives as described in clause 11.1.
……
------------------------------------------------------------End TP2a----------------------------------------------------------------
If grouping based on valid SLIVs would be adopted, the following TP2b can be considered, with the modified text in red.
------------------------------------------------------------Start TP2b---------------------------------------------------------------
9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
……
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 reception(s) on the serving cell , where from the PDSCH reception(s) there are  PDSCH reception(s), each of which the UE receives as described in clause 11.1, 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 .
……
------------------------------------------------------------End TP2b----------------------------------------------------------------
Compared to the TP2a, the TP2b involves less complexity, due to that the generation of HARQ-ACK information bits can reuse the description in clause 9.1.1 directly without any exception.
In summary, grouping based on valid SLIVs has more advantages in terms of re-transmission efficiency and specification impact, compared to grouping based on configured SLIVs.
[bookmark: _Ref92387719]Proposal 8: For multi-PDSCH scheduling, when configured with Type-2 codebook and time domain bundling is enabled, division of bundling groups is based on valid SLIVs of the indicated TDRA row index.
· Calculation of 
In [3] the calculation of  for the second HARQ-ACK sub-codebook for multi-PDSCH scheduling is missing. Furthermore, when time domain bundling is enabled for a serving cell, and the number of bundling groups is 1, then HARQ-ACK for PDSCHs scheduled by a DCI scheduling more than one PDSCH will be bundled and contained in the first HARQ-ACK sub-codebook. Then the calculation of  for the first HARQ-ACK sub-codebook should also be adjusted to accommodate this case.
To address above issues, the following TP3 can be considered, with the modified text in red.
------------------------------------------------------------Start TP3----------------------------------------------------------------
[bookmark: _Ref500250940][bookmark: _Toc83289669][bookmark: _Toc45699197][bookmark: _Toc36498171][bookmark: _Toc29917297][bookmark: _Toc29899560][bookmark: _Toc29899142][bookmark: _Toc29894843][bookmark: _Toc26719410][bookmark: _Toc20311585][bookmark: _Toc12021473]9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
……
[bookmark: _Hlk91147166]If a UE is not provided PDSCH-CodeBlockGroupTransmission for any serving cells, 
	or for PDSCH receptions scheduled by a DCI format scheduling more than one PDSCH reception for a serving cell provided numberOfHARQ-BundlingGroups with value ,
or for PDSCH receptions scheduled by a DCI format that does not support CBG-based PDSCH receptions and schedules only a single PDSCH reception, 
or for SPS PDSCH reception, 
or for a DCI format having associated HARQ-ACK information without scheduling PDSCH reception, 
and if , the UE determines a number of HARQ-ACK information bits  for obtaining a transmission power for a PUCCH, as described in clause 7.2.1, as 
	
where 
-	 is a number of serving cells where the UE is configured to receive unicast PDSCHs
-	 is a number of serving cells where the UE is configured to receive multicast PDSCHs for a G-RNTI  or a G-CS-RNTI 
-	 is a total number of G-RNTIs or G-CS-RNTIs configured to the UE
-	 is the number of PDCCH monitoring occasions for unicast DCI formats 
-	 is the number of PDCCH monitoring occasions for multicast DCI formats with CRC scrambled by G-RNTI  or G-CS-RNTI 
-	 where  the number of bits for the counter DAI field in unicast DCI formats
-	 where  the number of bits for the counter DAI field in multicast DCI formats with CRC scrambled by G-RNTI  or G-CS-RNTI 
-	if ,  is the value of the counter DAI in the last DCI format scheduling PDSCH reception or having associated HARQ-ACK information without scheduling PDSCH reception, that the UE detects within the  PDCCH monitoring occasions. 
-	if ,  is the value of the counter DAI in the last multicast DCI format with G-RNTI , or G-CS-RNTI , scheduling PDSCH reception or having associated HARQ-ACK information without scheduling a PDSCH reception, that the UE detects within the  PDCCH monitoring occasions
-	if  or if 
-	if the UE does not detect any DCI format that includes a total DAI field in a last PDCCH monitoring occasion within the  or  PDCCH monitoring occasions where the UE detects at least one DCI format scheduling PDSCH reception, or having associated HARQ-ACK information without scheduling PDSCH reception, for any serving cell ,  or , respectively, is the value of the counter DAI in a last DCI format the UE detects in the last PDCCH monitoring occasion
-	if the UE detects at least one DCI format that includes a total DAI field in a last PDCCH monitoring occasion within the  or , for G-RNTI  or G-CS-RNTI , PDCCH monitoring occasions where the UE detects at least one DCI format scheduling PDSCH reception, or having associated HARQ-ACK information without scheduling PDSCH reception, for any serving cell ,  or , respectively, is the value of the total DAI in the at least one DCI format that includes a total DAI field
-	 or  if the UE does not detect any DCI format scheduling PDSCH reception, or having associated HARQ-ACK information without scheduling PDSCH reception, for any serving cell  in any of the  or  PDCCH monitoring occasions, respectively.
-	 or , for G-RNTI  or G-CS-RNTI , is the total number of DCI formats scheduling PDSCH receptions, or having associated HARQ-ACK information without scheduling a PDSCH reception, that the UE detects within the  or  PDCCH monitoring occasions, respectively, for serving cell .  or  if the UE does not detect any DCI format scheduling PDSCH reception, or having associated HARQ-ACK information without scheduling PDSCH reception, for serving cell  in any of the  or , respectively, PDCCH monitoring occasions.
-	 if the value of maxNrofCodeWordsScheduledByDCI is 2 for any serving cell  and harq-ACK-SpatialBundlingPUCCH is not provided; otherwise, .
-	.
-	if the UE is not provided numberOfHARQ-BundlingGroups for serving cell , or provided numberOfHARQ-BundlingGroups with value  for serving cell ,  or , for G-RNTI  or G-CS-RNTI , is the number of transport blocks the UE receives in a PDSCH scheduled by a DCI format that the UE detects in PDCCH monitoring occasion  for serving cell  if harq-ACK-SpatialBundlingPUCCH is not provided, or the number of PDSCH scheduled by a DCI format that the UE detects in PDCCH monitoring occasion  for serving cell  if harq-ACK-SpatialBundlingPUCCH is provided, or the number of DCI formats that the UE detects and have associated a HARQ-ACK information without scheduling PDSCH reception in PDCCH monitoring occasion  for serving cell . 
-	if the UE is provided numberOfHARQ-BundlingGroups with value  for serving cell ,  or , for G-RNTI  or G-CS-RNTI , is the number of enabled transport blocks in a DCI format that the UE detects in PDCCH monitoring occasion  for serving cell  if harq-ACK-SpatialBundlingPUCCH is not provided, or the number of DCI formats that the UE detects in PDCCH monitoring occasion  for serving cell  if harq-ACK-SpatialBundlingPUCCH is provided, or the number of DCI format that the UE detects and have associated a HARQ-ACK information without scheduling PDSCH reception in PDCCH monitoring occasion  for serving cell . 
-	 or , for G-RNTI  or G-CS-RNTI , is the number of SPS PDSCH receptions by the UE on serving cell  for which the UE transmits corresponding HARQ-ACK information in the same PUCCH as for HARQ-ACK information corresponding to PDSCH receptions within the  or  PDCCH monitoring occasions, respectively.
……
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
-	the UE determines a first HARQ-ACK sub-codebook based on each detected DCI format scheduling one PDSCH reception or having associated HARQ-ACK information without scheduling a PDSCH reception, or SPS PDSCH receptions, if any, and
-	the UE determines a second HARQ-ACK sub-codebook based on each detected DCI format scheduling more than one PDSCH reception, and
-	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 . 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
-	The pseudo-code operation when PDSCH-CodeBlockGroupTransmission is provided is not applicable.
-	The counter DAI value and the total DAI value apply separately for each HARQ-ACK sub-codebook.
-	The UE generates the HARQ-ACK codebook by appending the second HARQ-ACK sub-codebook to the first HARQ-ACK sub-codebook.
If , the UE also determines  for obtaining a PUCCH transmission power, as described in clause 7.2.1, with 
	
where
-	if ,  is the value of the counter DAI in the last DCI format scheduling more than one PDSCH reception for any serving cell  that the UE detects within the  PDCCH monitoring occasions 
-	if ,  is the value of the total DAI in the last DCI format scheduling more than one PDSCH reception for any serving cell  that the UE detects within the  PDCCH monitoring occasions
-	, if the UE does not detect any DCI format scheduling more than one PDSCH reception for any serving cell  in any of the  PDCCH monitoring occasions 
-	 is the number of serving cells each of which is provided PDSCH-TimeDomainResourceAllocationListForMultiPDSCH in  serving cells
-	 is the total number of DCI formats scheduling more than one PDSCH reception that the UE detects within the  PDCCH monitoring occasions for serving cell .  if the UE does not detect any DCI format scheduling more than one PDSCH reception for serving cell  in any of the  PDCCH monitoring occasions
-	 is the number of transport blocks the UE receives in all PDSCHs scheduled by a DCI format scheduling more than one PDSCH reception that the UE detects in PDCCH monitoring occasion  for serving cell  if harq-ACK-SpatialBundlingPUCCH is not provided, or the number of PDSCHs, excluding any PDSCH that the UE does not receive in a slot as described in clause 11.1, scheduled by a DCI format scheduling more than one PDSCH reception that the UE detects in PDCCH monitoring occasion  for serving cell  if harq-ACK-SpatialBundlingPUCCH is provided and the UE reports corresponding HARQ-ACK information in the PUCCH 
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 .
If a UE 
-	is provided PDSCH-TimeDomainResourceAllocationListForMultiPDSCH and, if provided, numberOfHARQ-BundlingGroups with value  for  serving cells; and
-	is not provided PDSCH-TimeDomainResourceAllocationListForMultiPDSCH or is provided numberOfHARQ-BundlingGroups with value , for  serving cells where 
the UE determines the  according to the previous pseudo-code with the following modifications
-	 is used for the determination of a first HARQ-ACK sub-codebook for 
-	SPS PDSCH reception, 
-	any DCI format having associated HARQ-ACK information without scheduling PDSCH reception, and 
-	PDSCH reception scheduled by a DCI format scheduling one PDSCH
-	PDSCH reception with  for TBG-based HARQ-ACK information on the  serving cells,
-	 is replaced by  for the determination of a second HARQ-ACK sub-codebook corresponding to the  serving cells for TBG-based HARQ-ACK information, or for TB-based HARQ-ACK information corresponding to multiple PDSCH receptions scheduled by a single DCI format, and
-	if, for an active DL BWP of a serving cell, the UE is not provided coresetPoolIndex or is provided coresetPoolIndex with value 0 for one or more first CORESETs and is provided coresetPoolIndex with value 1 for one or more second CORESETs, and is provided ackNackFeedbackMode = joint, the serving cell is counted as two times where the first time corresponds to the first CORESETs and the second time corresponds to the second CORESETs, and
-	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 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 .
-	The pseudo-code operation when PDSCH-CodeBlockGroupTransmission is provided is not applicable.
-	The counter DAI value and the total DAI value apply separately for each HARQ-ACK sub-codebook.
-	The UE generates the HARQ-ACK codebook by appending the second HARQ-ACK sub-codebook to the first HARQ-ACK sub-codebook.
If , the UE also determines  for obtaining a PUCCH transmission power, as described in clause 7.2.1, with 
	
where
-	if ,  is the value of the counter DAI in the last DCI format scheduling more than one PDSCH reception for any serving cell  provided PDSCH-TimeDomainResourceAllocationListForMultiPDSCH and, if provided, numberOfHARQ-BundlingGroups with value , that the UE detects within the  PDCCH monitoring occasions 
-	if ,  is the value of the total DAI in the last DCI format scheduling more than one PDSCH reception for any serving cell  provided PDSCH-TimeDomainResourceAllocationListForMultiPDSCH and, if provided, numberOfHARQ-BundlingGroups with value , that the UE detects within the  PDCCH monitoring occasions
-	, if the UE does not detect any DCI format scheduling more than one PDSCH reception for any serving cell  provided PDSCH-TimeDomainResourceAllocationListForMultiPDSCH and, if provided, numberOfHARQ-BundlingGroups with value , in any of the  PDCCH monitoring occasions
-	 is the total number of DCI formats scheduling more than one PDSCH reception that the UE detects within the  PDCCH monitoring occasions for serving cell  provided PDSCH-TimeDomainResourceAllocationListForMultiPDSCH and, if provided, numberOfHARQ-BundlingGroups with value .  if the UE does not detect any DCI format scheduling more than one PDSCH reception for serving cell  provided PDSCH-TimeDomainResourceAllocationListForMultiPDSCH and, if provided, numberOfHARQ-BundlingGroups with value , in any of the  PDCCH monitoring occasions
-	if harq-ACK-SpatialBundlingPUCCH is not provided,  is the number of transport blocks the UE receives in all PDSCHs scheduled by a DCI format scheduling more than one PDSCH reception that the UE detects in PDCCH monitoring occasion  for serving cell  provided PDSCH-TimeDomainResourceAllocationListForMultiPDSCH and not provided numberOfHARQ-BundlingGroups, or the number of bundling groups, each of which corresponds to an enabled transport block in a DCI format scheduling more than one PDSCH reception that the UE detects in PDCCH monitoring occasion  for serving cell  provided PDSCH-TimeDomainResourceAllocationListForMultiPDSCH and provided numberOfHARQ-BundlingGroups with value , and contains at least a PDSCH that the UE receives in a slot as described in clause 11.1, and the UE reports corresponding HARQ-ACK information in the PUCCH
-	if harq-ACK-SpatialBundlingPUCCH is provided,  is the number of PDSCHs, excluding any PDSCH that the UE does not receive in a slot as described in clause 11.1, scheduled by a DCI format scheduling more than one PDSCH reception that the UE detects in PDCCH monitoring occasion  for serving cell  provided PDSCH-TimeDomainResourceAllocationListForMultiPDSCH and not provided numberOfHARQ-BundlingGroups, or the number of bundling groups, each of which contains at least a PDSCH that is scheduled by a DCI format scheduling more than one PDSCH reception that the UE detects in PDCCH monitoring occasion  for serving cell  provided PDSCH-TimeDomainResourceAllocationListForMultiPDSCH and provided numberOfHARQ-BundlingGroups with value , and the UE receives in a slot as described in clause 11.1, and the UE reports corresponding HARQ-ACK information in the PUCCH
------------------------------------------------------------End TP3----------------------------------------------------------------
[bookmark: _Ref92387727]In the TP3, a transport block (i.e. corresponding to transport block 1 or transport block 2 field) in a DCI format is regarded as disabled based on the following agreement achieved during RAN1#107b-e meeting, otherwise it is regarded as enabled.
Agreement
· If the higher layer parameter maxNrofCodeWordsScheduledByDCI indicates that two codeword transmission is enabled and more than one PDSCH is scheduled by a multi-PDSCH scheduling DCI,
· Either the first or the second transport block of all scheduled PDSCHs is disabled by the DCI if IMCS = 26 and if RV bits are set to ‘1’ for the corresponding transport block of all scheduled PDSCHs (i.e. irrespective of whether this is a valid PDSCH).


[bookmark: _Ref95733117]Proposal 9: For multi-PDSCH scheduling and Type-2 codebook, consider the TP3 in TS38.213 for the calculation of .
3. Conclusion
In this contribution, we first discuss DMRS bundling related issue, followed by discussion on remaining issues for multi-PDSCH/PUSCH scheduling and HARQ-ACK feedback. We have the following observations and proposals.

1> [bookmark: _GoBack]DMRS bundling for PUSCH repetition
Proposal 1: For the case where the predefined requirements specified in Rel-17 CovEnh WI are met, i.e. the phase coherency and power consistency are guaranteed across repetitions of a PUSCH, DMRS bundling FG developed in Rel-17 CovEnh WI for same TB can be applied to FR2-2 with 120 kHz SCS.

2> DCI design for multi-PDSCH/PUSCH scheduling
Observation 1: The case where two DCIs, each of which schedules a multi-slot PDSCH (or a multi-slot PUSCH), end in the same symbol but the two scheduled multi-slot PDSCHs (or the two scheduled multi-slot PUSCHs) have overlapping spans, where the span is defined from the beginning of the first repetition till the end of the last repetition for a PDSCH/PUSCH, is allowed in Rel-15/16.

Proposal 2: For multi-PDSCH/PUSCH scheduling, DCI-to-data out-of-order scheduling is defined as NR Rel-15/16 without any exception.

Proposal 3: For multi-PUSCH scheduling and A-CSI request, the number M is determined based on the number of configured SLIVs in the TDRA row indicated by the DCI.

Proposal 4: For multi-PDSCH/PUSCH scheduling, OoO scheduling rules are applied only to valid SLIV(s) in the TDRA row indicated by a scheduling DCI.

Proposal 5: For multi-PDSCH scheduling, and for case(s) where Type-2 codebook/enhanced Type-2 codebook is configured and an inapplicable value is provided by a PDSCH-to-HARQ_feedback timing indicator field included in a first DCI scheduling more than one PDSCH, only valid PDSCH(s) scheduled by the first DCI is considered to decide if an SPS PDSCH reception is received after the PDSCH(s) or not.

Proposal 6: For multi-PDSCH scheduling in conjunction with ‘tdmSchemeA’ of M-TRP, and for a scheduled PDSCH, if the PDSCH transmission occasion corresponding to the configured SLIV, i.e. the first PDSCH transmission occasion, does not collide with any semi-static UL symbol, the scheduled PDSCH is regarded as valid, no matter if the second PDSCH transmission occasion collides with semi-static UL symbol(s) or not.

3> HARQ-ACK feedback for multi-PDSCH scheduling
Proposal 7: For multi-PDSCH scheduling and Type-1 codebook, consider the TP1 in TS38.213 for the calculation of .

Proposal 8: For multi-PDSCH scheduling, when configured with Type-2 codebook and time domain bundling is enabled, division of bundling groups is based on valid SLIVs of the indicated TDRA row index.

Proposal 9: For multi-PDSCH scheduling and Type-2 codebook, consider the TP3 in TS38.213 for the calculation of .
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