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1 Introduction
In this contribution, the remaining issues on NR multicast and broadcast services are discussed.

2 Discussion
2.1 The size of DAI field in DCI format 4_2
In the current specification, DAI field in DCI format 4_2 is only present when dynamic codebook is configured for ACK/NACK based HARQ-ACK feedback for multicast. If different codebook types are configured among UEs in a group, the understanding of the DAI field size will not be aligned. Also, even in moreThanOneNackOnlyMode 2 for NACK-only based feedback, the HARQ-ACK bit is counted based on DAI in the DCI. In other words, based on the current specification, moreThanOneNackOnlyMode 2 cannot be used when semi-static codebook is configured for ACK/NACK based feedback for multicast. The simplest way to solve these problems is to fix the size of DAI field in DCI format 4_2 to two.
Proposal 1: The size of DAI field in DCI format 4_2 is fixed to two.
· Adopt the following text proposal in clause 7.3.1.5.3 of TS 38.212.
· Reason for change
· moreThanOneNackOnlyMode 2 cannot be used when semi-static codebook is configured for ACK/NACK based feedback for multicast.
· Summary of change
· Fix the size of DAI field in DCI format 4_2 to two.
· Consequences if not approved
· UE cannot count HARQ-ACK bits for NACK-only based HARQ-ACK feedback when the UE is configured with semi-static codebook for ACK/NACK based feedback for multicast and is provided moreThanOneNackOnlyMode = mode2.
	----------------------------------- Start of Text proposal to 7.3.1.5.3 of 38.212 -----------------------------------------------
<Unchanged text is omitted>
-	Downlink assignment index – 2bitsnumber of bits as defined in the following
-	2 bits if the higher layer parameter pdsch-HARQ-ACK-Codebook-Multicast=dynamic, where the 2 bits are the counter DAI;
-	0 bits otherwise. 
<Unchanged text is omitted>
----------------------------------- End of Text proposal to 7.3.1.5.3 of 38.212 ------------------------------------------------



2.2 ACK/NACK based HARQ-ACK feedback for multicast
2.2.1 Multiplexing of unicast HARQ-ACK and multicast HARQ-ACK
At the RAN1#107-e meeting, the following agreement was made [3].
	Agreement
When UE is configured with different codebook types for unicast and multicast and when UE is scheduled to multiplex HARQ-ACK for unicast and HARQ-ACK for multicast with the same priority in the same PUCCH slot, 
· UE generates two separate sub-codebooks for unicast and multicast respectively and then concatenates them by appending sub-codebook for multicast to the sub-codebook for unicast. 
· Note: The PUCCH resource for transmitting the codebook is based on the last unicast DCI.
· FFS: when Type-3 HARQ-ACK codebook or enhanced Type-2 codebook is used for unicast
· Define a UE capability 


This agreement is captured in clause 18 in 38.213 as follows:
	If a UE is provided pdsch-HARQ-ACK-Codebook-Multicast = semi-static, the UE generates a Type-1 HARQ-ACK codebook as described in clauses 9.1.2, 9.1.2.1, and 9.1.2.2.
If a UE is provided pdsch-HARQ-ACK-Codebook-Multicast = dynamic, the UE generates a Type-2 HARQ-ACK codebook as described in clause 9.1.3.1. 
If, for unicast and multicast HARQ-ACK information of same priority value, a UE
-	is provided 
-	either pdsch-HARQ-ACK-Codebook = dynamic or pdsch-HARQ-ACK-Codebook-r16 and pdsch-HARQ-ACK-Codebook-Multicast = semi-static, 
-	or pdsch-HARQ-ACK-Codebook = semi-static and pdsch-HARQ-ACK-Codebook-Multicast = dynamic, and
-	would multiplex the unicast and multicast HARQ-ACK information in a same PUCCH or PUSCH 
the UE 
-	appends the HARQ-ACK codebooks for the multicast HARQ-ACK information to the HARQ-ACK codebooks for the unicast HARQ-ACK information
-	if , the UE determines  for obtaining a power of a PUCCH transmission with the HARQ-ACK information, as described in clause 7.2.1, as a sum of the  value from clause 9.1.2.1 or clause 9.1.3.3 and the  value from clause 9.1.3.1.


The behavior after recognizing that unicast HARQ-ACK and multicast HARQ-ACK are multiplexed in a same PUCCH or PUSCH is clear, but the conditions for determining that they are multiplexed in a same PUCCH or PUSCH are not clearly described. Also, the multiplexing condition when unicast and multicast HARQ-ACK codebook types are the same is not described.
There are two possible alternatives. 
· Alt 1: Multiplexing is applied when two PUCCHs with HARQ-ACK feedback overlap
· Alt 2: Multiplexing is applied when two HARQ-ACK feedbacks are reported in the same slot
For Alt 1, one important note of the current specification is that HARQ-ACK codebook generation is done before PUCCH resource determination. At the time of codebook generation, the UE will generate separate codebooks for unicast and multicast and then select respective PUCCH resources. After that, if the PUCCH resources overlap, multiplexing is applied. When multiplexing is applied, the codebook must be regenerated. PUCCH resource reselection is also necessary. UE behavior becomes quite complicated. In addition, it is necessary to discuss what to do when there is no overlap. Supporting two PUCCHs with HARQ-ACK with the same priority in the same slot violates existing principles.
In Alt 2, a UE first checks to see if it is scheduled to report unicast HARQ-ACK feedback and multicast HARQ-ACK feedback in the same slot. If both HARQ-ACK feedbacks are reported in the same slot, the UE generates a HARQ-ACK codebook containing both unicast HARQ-ACK and multicast HARQ-ACK; otherwise the UE generates a codebook containing only either unicast HARQ-ACK or multicast HARQ-ACK. No codebook regeneration is performed afterwards. It also does not violate existing principles. Based on these analysis, we support Alt 2.
Proposal 2: Multiplexing is applied when unicast HARQ-ACK feedback and multicast HARQ-ACK feedback with the same priority are reported in the same slot.
· Adopt the following text proposal in clause 18 of TS 38.213.
· Reason for change
· Conditions for multiplexing unicast HARQ-ACK and multicast HARQ-ACK are not described.
· Summary of change
· Specify that unicast HARQ-ACK and multicast HARQ-ACK are multiplexed when they are transmitted in the same slot.
· Consequences if not approved
· Conditions for multiplexing unicast HARQ-ACK and multicast HARQ-ACK are unclear.
	----------------------------------- Start of Text proposal to 18 of 38.213 ------------------------------------------------
<Unchanged text is omitted>
If a UE is provided pdsch-HARQ-ACK-Codebook-Multicast = semi-static, the UE generates a Type-1 HARQ-ACK codebook as described in clauses 9.1.2, 9.1.2.1, and 9.1.2.2.
If a UE is provided pdsch-HARQ-ACK-Codebook-Multicast = dynamic, the UE generates a Type-2 HARQ-ACK codebook as described in clause 9.1.3.1. 
If a UE is scheduled to report unicast HARQ-ACK information and multicast HARQ-ACK information with the same priority index in a same slot, the UE multiplexes unicast HARQ-ACK information and multicast HARQ-ACK information in a HARQ-ACK codebook.
<Unchanged text is omitted>
----------------------------------- End of Text proposal to 18 of 38.213 ------------------------------------------------



Behavior when Type-3 or enhanced Type-3 codebooks are used for unicast has been discussed but not yet concluded. Type-3 HARQ-ACK codebook will naturally include ACK/NACK bits for multicast since HARQ-ACK feedback for all HARQ PIDs will be included in Type-3 HARQ-ACK codebook. So there will be no need to generate a separate codebook for multicast for Type-3 HARQ-ACK codebook. gNB can avoid sending a Type-3 HARQ-ACK codebook and a multicast HARQ-ACK codebook in the same slot by scheduling.
Enhanced Type-3 HARQ-ACK codebook contains HARQ-ACK for a subset of HARQ PIDs for a subset of configured serving cells. Since gNB can control whether to include multicast HARQ-ACK in enhanced Type-3 HARQ-ACK codebook, there would be no need to generate a separate multicast HARQ-ACK codebook for enhanced Type-3 HARQ-ACK codebook transmission. As in the case of Type-3 HARQ-ACK codebook, transmission of enhanced Type-3 HARQ-ACK codebook and multicast HARQ-ACK codebook in the same slot can be avoided by scheduling.
Proposal 3: UE does not expect to be scheduled to report HARQ-ACK for unicast with Type-3 HARQ-ACK codebook or enhanced Type-3 HARQ-ACK codebook and HARQ-ACK for multicast with different codebook type with the same priority in the same PUCCH slot.
· Adopt the following text proposal in clause 18 of TS 38.213.
· Reason for change
· Behavior when multicast HARQ-ACK and Type-3/e-Type-3 codebook are scheduled to be reported in the same slot is not yet defined.
· Summary of change
· UE does not expect multicast HARQ-ACK and Type-3/e-Type-3 codebook to be scheduled to report in the same slot.
· Consequences if not approved
· UE behavior is unclear when multicast HARQ-ACK and Type-3/e-Type-3 codebook are scheduled to be reported in the same slot.
	----------------------------------- Start of Text proposal to 18 of 38.213 ------------------------------------------------
<Unchanged text is omitted>
If, for unicast and multicast HARQ-ACK information of same priority value, a UE
-	is provided 
-	either pdsch-HARQ-ACK-Codebook = dynamic or pdsch-HARQ-ACK-Codebook-r16 and pdsch-HARQ-ACK-Codebook-Multicast = semi-static, 
-	or pdsch-HARQ-ACK-Codebook = semi-static and pdsch-HARQ-ACK-Codebook-Multicast = dynamic, and
-	would multiplex the unicast and multicast HARQ-ACK information in a same PUCCH or PUSCH 
the UE 
-	appends the HARQ-ACK codebooks for the multicast HARQ-ACK information to the HARQ-ACK codebooks for the unicast HARQ-ACK information
-	if , the UE determines  for obtaining a power of a PUCCH transmission with the HARQ-ACK information, as described in clause 7.2.1, as a sum of the  value from clause 9.1.2.1 or clause 9.1.3.3 and the  value from clause 9.1.3.1.
A UE does not expect to be scheduled to transmit a Type-3 HARQ-ACK codebook for unicast HARQ-ACK information and a Type-1 HARQ-ACK codebook or a Type-2 HARQ-ACK codebook for multicast HARQ-ACK information with the same priority value in a same slot.
A UE determines a PUCCH resource for a PUCCH transmission with HARQ-ACK information as described in clauses 9.2 and 9.2.1 through 9.2.5. 
<Unchanged text is omitted>
----------------------------------- End of Text proposal to 18 of 38.213 ------------------------------------------------



2.2.2 HARQ-ACK feedback for SPS GC-PDSCH
At previous RAN1 meetings the following agreements were made [1][2].
	Agreement:
Support NACK-only based HARQ-ACK feedback at least for multicast SPS PDSCH without PDCCH scheduling.
· FFS for SPS activation/deactivation. 

Agreement
For multicast SPS activation/deactivation, only ACK/NACK based feedback is supported.

Agreement:
For multicast SPS PDSCH without PDCCH scheduling, HARQ-ACK feedback option is configured by UE RRC signalling. 
· FFS: Whether the configuration is per SPS configuration index or per G-CS-RNTI.
· Note: Whether there is a UE capability for support of NACK-only based HARQ-ACK or not will be discussed as part of UE features discussion


Based on these agreements, it seems ambiguous how UEs configured with NACK-only based feedback as a feedback option for multicast SPS provide HARQ-ACK feedback for multicast SPS activation/deactivation. UEs configured with NACK-only based feedback as a feedback option for multicast SPS should provide ACK/NACK based feedback only for SPS activation/deactivation and NACK-only based feedback for multicast SPS PDSCH without PDCCH scheduling.
Proposal 4: A UE configured with NACK-only based feedback as a feedback option for multicast SPS provides ACK/NACK based feedback only for SPS activation/deactivation and NACK-only based feedback for multicast SPS PDSCH without PDCCH scheduling.
· Adopt the following text proposal in clause 18 of TS 38.213 to clarify the HARQ-ACK reporting mode for SPS GC-PDSCH activation/deactivation.
· Reason for change
· The behavior of UE with NACK-only based feedback configured as the HARQ-ACK reporting mode for SPS GC-PDSCH is not clearly specified.
· Summary of change
· Specify that ACK/NACK based feedback is provided for the first GC-PDSCH after activation, and NACK-only based feedback is provided for the other SPS GC-PDSCHs.
· Consequences if not approved
· The behavior of UE with NACK-only based feedback configured as the HARQ-ACK reporting mode for SPS GC-PDSCH is unclear.
	----------------------------------- Start of Text proposal to 18 of 38.213 ------------------------------------------------
<Unchanged text is omitted>
For the second HARQ-ACK reporting mode, the UE does not transmit a PUCCH that would include only HARQ-ACK information with ACK values. The second HARQ-ACK reporting mode is not applicable when a number of HARQ-ACK information bits is more than four, or for the first SPS PDSCH reception after activation of SPS PDSCH receptions for a SPS configuration, or for DCI formats having associated HARQ-ACK information without scheduling a PDSCH reception. If a UE is configured with the second HARQ-ACK reporting mode for a G-CS-RNTI, the UE provides HARQ-ACK information for the first SPS PDSCH reception after activation of SPS PDSCH receptions or an SPS PDSCH release using the G-CS-RNTI according to the first HARQ-ACK reporting mode and provides HARQ-ACK information for the other SPS PDSCH according to the second HARQ-ACK reporting mode. 
<Unchanged text is omitted>
----------------------------------- End of Text proposal to 18 of 38.213 ------------------------------------------------



2.3 NACK-only based HARQ-ACK feedback for multicast
2.3.1 How to count and order the HARQ-ACK bits
At the RAN1#109-e meeting, the following agreements were made [5].
	Agreement
For multicast, for addressing how to count and order the HARQ-ACK bits for NACK-only for Alt4:
· Case 1: when the HARQ-ACK-to-PUCCH mapping table for Alt4 (from previous agreement) is applied to a single G-RNTI (from network and UE perspective) 
· Opt1-1: based on C-DAI included in DL DCI for counting the number of HARQ-ACK bits and for ordering the HARQ-ACK bits.
· FFS: whether Opt1-1 can also work when different G-RNTIs are used for different UEs
· Note: other cases are not precluded

Agreement
For multicast, for addressing how to count and order the HARQ-ACK bits for NACK-only for Alt4, further down-selection on the following cases/options in the next meeting: 
· Case 2: for the case of all UEs configured with the same set of G-RNTIs
· Opt2-1: support Alt4 for this case
· Opt2-1-1: based on the sum of C-DAI included in the last scheduling DCI from each G-RNTI for counting the total number of HARQ-ACK bits. The ordering of HARQ-ACK bits is per C-DAI from each G-RNTI and in the ascending order of G-RNTI values. 
· Opt2-1-2: based on C-DAI* included in the last scheduling DCI for counting the number of HARQ-ACK bits and for ordering the HARQ-ACK bits. The C-DAI* is accumulating the scheduled TBs across different G-RNTIs 
· Opt2-2: does not support Alt4 for this case. 
· Case 3: for the case of different UEs configured with different G-RNTIs
· Opt3-1: support Alt4 for this case
· Opt3-1-1: based on the sum of C-DAI included in the last scheduling DCI from each G-RNTI for counting the total number of HARQ-ACK bits. The ordering of HARQ-ACK bits is per C-DAI from each G-RNTI and in the ascending order of G-RNTI values. 
· Opt3-1-2: based on C-DAI* included in the last scheduling DCI for counting the number of HARQ-ACK bits and for ordering the HARQ-ACK bits. The C-DAI* is accumulating the scheduled TBs across different G-RNTIs. 
· Opt3-2: does not support Alt4 for this case. 


In case 2, there would be no problem to reuse the existing codebook generation method that uses C-DAI. Opt2-1-1 can be supported with minimal spec impact.
An example of case 3 is shown in Figure 1. In the figure, UE1 is configured with only G-RNTI_1 and UE2 with only G-RNTI_2. In Opt3-1-1, separate PUCCH resource sets should be configured for UE1 and UE2 to prevent unnecessary HARQ retransmissions. In Opt3-1-2, if feedback for C-DAI* with no DCI reception is set to ‘0’, separate PUCCH resource sets should be configured for UE1 and UE2 to prevent unnecessary HARQ retransmissions. If the same PUCCH resource set is shared, a ‘0’ for C-DAI*=2 by UE1 will cause a retransmission of G-RNTI_2. On the other hand, if feedback for C-DAI* with no DCI reception is set to ‘1’, it will be easier to share PUCCH resources between UEs receiving different G-RNTIs. However, a ‘1’ is reported even for a missed DCI, which is contrary to the purpose of DAI as a countermeasure against DCI miss detection. It seems that Opt3-1-2 has no benefit over Opt3-1-1 or has issues to make it work well. Opt3-1-1 seems sufficient for commonality with case 1 and 2.
[image: ]
Figure 1 An example of case 3
Proposal 5: For addressing how to count and order the HARQ-ACK bits for NACK-only for Alt4, support Opt2-1-1 and Opt3-1-1.
· Adopt the following text proposal in clause 18 of TS 38.213.
	----------------------------------- Start of Text proposal to 18 of 38.213 ------------------------------------------------
<Unchanged text is omitted>
For the second HARQ-ACK reporting mode and a UE configured with only one G-RNTI, the UE can be indicated by moreThanOneNackOnlyMode to provide the HARQ-ACK information bits in a PUCCH either according to the first HARQ-ACK reporting mode or by selecting a resource from a set of resources for the PUCCH transmission based on the values of the HARQ-ACK information bits as described in Table 18-1. The UE generates HARQ-ACK information bits for the second HARQ-ACK reporting mode according to a Type-2 HARQ-ACK codebook as described in clause 9.1.3.1.
<Unchanged text is omitted>
----------------------------------- End of Text proposal to 18 of 38.213 ------------------------------------------------



[bookmark: _Hlk101544799]When moreThanOneNackOnly mode 2 is used, gNB should schedule PDSCH so that the number of HARQ-ACK bits is not more than 4. UE would not expect the number of HARQ-ACK bits to be larger than 4. In addition, when the number of PUCCH resources included in the configured PUCCH resource set is RPUCCH (e.g. 4 or 8), it would be valid that UE does not expect the number of HARQ-ACK bits to be larger than .
Proposal 6: When moreThanOneNackOnly mode 2 is used, a UE does not expect to report more than 4 bits or bits of HARQ-ACK, where RPUCCH is the number of PUCCH resources in the configured PUCCH resource set.
· Adopt the following text proposal in clause 18 of 38.213.
· Reason for change
· In moreThanOneNackOnly mode 2, the behavior when the number of HARQ-ACK bits to be reported exceeds  bits is not specified.
· Summary of change
· Specify that the transmission of HARQ-ACK information over  bits is not assumed.
· Consequences if not approved
· In moreThanOneNackOnly mode 2, the behavior when the number of HARQ-ACK bits to be reported exceeds  bits is unclear.
	----------------------------------- Start of Text proposal to 18 of 38.213 ------------------------------------------------
<Unchanged text is omitted>
For the second HARQ-ACK reporting mode and a UE configured with only one G-RNTI, the UE can be indicated by moreThanOneNackOnlyMode to provide the HARQ-ACK information bits in a PUCCH either according to the first HARQ-ACK reporting mode or by selecting a resource from a set of resources for the PUCCH transmission based on the values of the HARQ-ACK information bits as described in Table 18-1. The UE generates HARQ-ACK information bits for the second HARQ-ACK reporting mode according to a Type-2 HARQ-ACK codebook as described in clause 9.1.3.1. If the UE is provided moreThanOneNackOnly-Mode = 'mode2', the UE does not expect to report more than 4 bits or  bits of HARQ-ACK information.
<Unchanged text is omitted>
----------------------------------- End of Text proposal to 18 of 38.213 ------------------------------------------------



2.3.2 Multiplexing NACK-only based feedback with ACK/NACK based feedback
At previous RAN1 meetings the following agreements were made [4].
	Agreement
When PUCCH transmission for the NACK-only based feedback for one G-RNTI collides with PUCCH transmission for ACK/NACK feedback for another G-RNTI with the same priority, support UE multiplexing the NACK-only based feedback with the ACK/NACK feedback onto the same PUCCH by transforming NACK-only into the ACK/NACK based HARQ-ACK bit. 
· Note: When the TB configured with NACK-only feedback is correctly decoded, the ACK will be transmitted and multiplexed with others. 

Agreement
For multiplexing NACK-only feedback for the first G-RNTI with ACK/NACK based feedback for the second G-RNTI or for unicast, the following Alt2 (from the previous agreement) is adopted:
· Alt1: the converted NACK-only bits are concatenated to the ACK/NACK feedback. 
· Alt2: the codebook construction/concatenation is the same as when the feedback mode is ‘ACK/NACK’ for both G-RNTIs.

Agreement
When the nominal NACK-only PUCCH overlaps with other PUCCH/PUSCH transmission, NACK-only is transformed into ACK/NACK and multiplexed with other PUCCH/PUSCH transmission. Down-select from the following options for the nominal NACK-only PUCCH:
· Opt1: The nominal NACK-only PUCCH consists of all the symbols from PUCCHs of the NACK-only PUCCH resource set.
· Opt2: The nominal NACK-only PUCCH starts from the earliest starting symbol of PUCCHs in the NACK-only PUCCH resource set, and ends at the latest ending symbol of PUCCHs in the set.
· Opt3: The nominal NACK-only PUCCH consists of all the symbols of the PUCCH slot.
· Opt4: All PUCCHs have the same starting symbol and the same time duration
· Other options are not precluded, e.g. based on PRI, or based on the number of TBs that will be transmitted in the PUCCH slot
· Note1: The terminology of the “nominal NACK-only PUCCH” is used for facilitate describing the issue. Up to editor for the specification impact. 
· Note2: The following factors can be considered for down-selection:
· Up to 12 initial cyclic shifts can be configured to PF0. Up to 12 initial cyclic shifts and up to 7 time domain OCC can be configured to PF1.
· Up to 32 PUCCHs resources in the resource set are configured for NACK-only.
· The PUCCH configuration for unicast will be used when the PUCCH is not configured for NACK-only. 


For HARQ-ACK feedback for unicast, multiple HARQ-ACK information are multiplexed into one HARQ-ACK codebook when they are reported in the same slot, regardless of whether resources overlap or not. On the other hand, unicast HARQ-ACK information and other PUCCH/PUSCH are multiplexed when their PUCCH or PUSCH resources overlap in time. Similarly for NACK-only based feedback, multiplexing with other HARQ-ACK information and multiplexing with UCI other than HARQ-ACK or PUSCH should be considered separately.
For PUCCH with NACK-only based HARQ-ACK and PUCCH/PUSCH with ACK/NACK based HARQ-ACK with the same priority, they should be multiplexed when they are reported in the same slot, as discussed in section 2.2.1. In other words, Opt3 should be supported.
For PUCCH with NACK-only based HARQ-ACK and PUCCH with CSI or PUSCH with/without CSI, Opt4 seems a bit restrictive. Either Opt1 or Opt2 would be fine, but Opt1 seems a bit simpler in terms of specification description.
Proposal 7: For nominal NACK-only PUCCH for multiplexing with ACK/NACK based HARQ-ACK feedback, support Opt3.
· Adopt the following text proposal in clause 18 of 38.213.
	----------------------------------- Start of Text proposal to 18 of 38.213 ------------------------------------------------
<Unchanged text is omitted>
If a UE would report multicast HARQ-ACK information according to the first HARQ-ACK reporting mode and multicast HARQ-ACK information of same priority value according to the second HARQ-ACK reporting mode in a same slot, the UE multiplexes the HARQ-ACK information. If a UE would multiplex multicast HARQ-ACK information according to the second HARQ-ACK reporting mode with multicast HARQ-ACK information according to the first HARQ-ACK reporting mode, or unicast HARQ-ACK information, or CSI reports in a first PUCCH or in a PUSCH, as described in clauses 9 and 9.2.5, the UE provides the HARQ-ACK information according to the first HARQ-ACK reporting mode. For resolving an overlapping among a second PUCCH with HARQ-ACK information according to the second HARQ-ACK reporting mode and other PUCCHs or PUSCHs prior to multiplexing the HARQ-ACK information in a PUCCH or PUSCH, the UE considers that the UE would transmit the second PUCCH when all values of the HARQ-ACK information are 'ACK'.
<Unchanged text is omitted>
----------------------------------- End of Text proposal to 18 of 38.213 ------------------------------------------------



Proposal 8: For nominal NACK-only PUCCH for multiplexing with PUCCH or PUSCH with CSI, support Opt1.
· Adopt the following text proposal in clause 18 of 38.213.
	----------------------------------- Start of Text proposal to 18 of 38.213 ------------------------------------------------
<Unchanged text is omitted>
If a UE would multiplex HARQ-ACK information that the UE would provide according to the second HARQ-ACK reporting mode with other UCI in a first PUCCH, or in a PUSCH, as described in clauses 9 and 9.2.5, the UE provides the HARQ-ACK information according to the first HARQ-ACK reporting mode. For resolving an overlapping among a second PUCCH with HARQ-ACK information according to the second HARQ-ACK reporting mode and other PUCCHs or PUSCHs prior to multiplexing the HARQ-ACK information in a PUCCH or PUSCH, the UE considers that the UE would transmit the second PUCCH when all values of the HARQ-ACK information are 'ACK'. If a UE is provided moreThanOneNackOnly-Mode = mode2, and if the UE is indicated to transmit HARQ-ACK information according to the second HARQ-ACK reporting mode in a slot, when any PUCCH resource in the PUCCH resource set configured for second HARQ-ACK reporting mode overlaps in time with other PUCCH or PUSCH in the slot, the UE assumes the PUCCH for second HARQ-ACK reporting mode overlaps with the other PUCCH or PUSCH.
<Unchanged text is omitted>
----------------------------------- End of Text proposal to 18 of 38.213 ------------------------------------------------



2.3.3 Multiplexing NACK-only based feedback with SR
At the RAN1#106bis-e meeting, the following agreement was made.
	Agreement:
When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for HARQ-ACK feedback/CSI for unicast for the same priority or PUSCH transmission for the same priority, support UE multiplexing the NACK-only based feedback with the HARQ-ACK feedback/CSI on PUCCH or on to PUSCH by transforming NACK-only into the ACK/NACK HARQ bit. 
· This applies to at least the case of the feedback addressing one TB. NACK-only based feedback for more than one TBs is to be handled separately. 
· Note: When the TB is correctly decoded, the ACK will be transmitted and multiplexed with others. 
· FFS: The case of PUCCH for SR. 


In the current specification, when a PUCCH format 0 with unicast HARQ-ACK overlaps with a PUCCH with positive SR, the SR and the HARQ-ACK are multiplexed and transmitted in the PUCCH format 0 using a different cyclic shift value. If the rule is directly applied to a PUCCH resource for NACK-only based feedback, gNB will not be able to identify which UE sent the SR since PUCCH resources for NACK-only based feedback will be shared among UEs in a group. This makes no sense to send SR, so some change should be made to the specification. However, there has been a long discussion, but no conclusion has been reached. Considering that we are in the maintenance phase, a simple method is desirable. It would be better to drop the SR if PUCCH format 0 with NACK-only based feedback for multicast overlaps with PUCCH with positive SR. There would be no problem to reuse the multiplexing rules for unicast HARQ-ACK when PUCCH format 1 with NACK-only feedback and positive SR overlap.
Proposal 9: When a PUCCH with NACK-only based feedback for multicast overlaps with a PUCCH with positive SR,
· When the NACK-only based feedback is transmitted in PUCCH format 0, the SR is dropped.
· Otherwise, the NACK-only based feedback and the SR are multiplexed using the same rules as for ACK/NACK based HARQ-ACK feedback.
· Adopt the following text proposal in clause 18 of 38.213.
· Reason for change
· Behavior when a PUCCH with NACK-only based HARQ-ACK and a PUCCH with SR overlap is not defined.
· Summary of change
· When PUCCH format 0 for NACK-only based feedback and SR overlap, the UE drops the SR. Otherwise, the same rules as for ACK/NACK based feedback are applied.
· Consequences if not approved
· Behavior when a PUCCH with NACK-only based HARQ-ACK and a PUCCH with SR overlap is unclear.
	----------------------------------- Start of Text proposal to 18 of 38.213 ------------------------------------------------
<Unchanged text is omitted>
If a UE would multiplex multicast HARQ-ACK information according to the second HARQ-ACK reporting mode with multicast HARQ-ACK information according to the first HARQ-ACK reporting mode, or unicast HARQ-ACK information, SR, or CSI reports in a first PUCCH or in a PUSCH, as described in clauses 9 and 9.2.5, the UE provides the HARQ-ACK information according to the first HARQ-ACK reporting mode. For resolving an overlapping among a second PUCCH with HARQ-ACK information according to the second HARQ-ACK reporting mode and other PUCCHs or PUSCHs prior to multiplexing the HARQ-ACK information in a PUCCH or PUSCH, the UE considers that the UE would transmit the second PUCCH when all values of the HARQ-ACK information are 'ACK'. If a UE would transmit a PUCCH with SR and a HARQ-ACK information bit according to the second HARQ-ACK reporting mode in a resource using PUCCH format 0 and they overlap in time, the UE transmits only the HARQ-ACK information. Otherwise, if a UE multiplexes in a PUCCH only multicast HARQ-ACK information according to second HARQ-ACK reporting modes and SR a UE would transmit a PUCCH with SR and a HARQ-ACK information bit according to the second HARQ-ACK reporting mode and they overlap in time, the UE determines a PUCCH resource as described in clause 9.2.5.1.
<Unchanged text is omitted>
----------------------------------- End of Text proposal to 18 of 38.213 ------------------------------------------------



2.4 Behavior of UE without dynamic slot-level repetition capability
It was agreed at the last meeting that support of dynamic slot-level repetition for broadcast is a separate FG from the basic function for broadcast [1]. Since gNB cannot know the capabilities of IDLE UEs, an IDLE UE that does not support dynamic slot-level repetition may receive TDRA configuration which contains repetitionNumber. If a DCI format 4_0 indicates a TDRA entry that contains repetitionNumber, it is not possible to request the UE to receive the PDSCH.
Proposal 10: For broadcast PDSCH reception, when a UE that does not support dynamic slot-level repetition is indicated a TDRA entry that contains repetitionNumber, the UE is not required to receive the PDSCH.
· Adopt the following text proposal in clause 5.1.2.1 of TS 38.214.
· Reason for change
· Behavior is not defined when UE that does not support dynamic slot-level repetition is configured with a TDRA list that contains repetitionNumber. 
· Summary of change
· UEs that do not support dynamic slot-level repetition are not required to receive PDSCH scheduled with a TDRA entry containing repetitionNumber.
· Consequences if not approved
· The behavior of UE that do not support dynamic slot-level repetition is unclear when the UE is configured with a TDRA list containing repetitionNumber.
	----------------------------------- Start of Text proposal to 5.1.2.1 of 38.214 ------------------------------------------------
<Unchanged text is omitted>
When receiving PDSCH scheduled by DCI in PDCCH with CRC scrambled by G-CS-RNTI for multicast reception or G-RNTI, if the DCI field 'Time domain resource assignment' indicates an entry which contains repetitionNumber in PDSCH-TimeDomainResourceAllocation in the PDSCH-Config-Multicast or PDSCH-Config-Broadcast, the same SLIV is applied for all PDSCH transmission occasions across the repetitionNumber consecutive slots. When receiving PDSCH scheduled without corresponding PDCCH transmission using associated SPS-Config-Multicast and activated by DCI in PDCCH with CRC scrambled by G-CS-RNTI for multicast reception, if the DCI field 'Time domain resource assignment' of the activating DCI indicates an entry which contains repetitionNumber in PDSCH-TimeDomainResourceAllocation in the PDSCH-Config-Multicast, the same SLIV is applied for all PDSCH transmission occasions across the repetitionNumber consecutive slots. If a UE that does not indicate a capability for repetitionNumber in PDSCH-TimeDomainResourceAllocation in PDSCH-Config-Broadcast is indicated an entry which contains repetitionNumber by DCI format 4_0, the UE is not required to receive PDSCH scheduled by the DCI format.
<Unchanged text is omitted>
----------------------------------- End of Text proposal to 5.1.2.1 of 38.214 ------------------------------------------------



3 Conclusion
In this contribution, we have the following proposals:
Proposal 1: The size of DAI field in DCI format 4_2 is fixed to two.
· Adopt the following text proposal in clause 7.3.1.5.3 of TS 38.212.
· Reason for change
· moreThanOneNackOnlyMode 2 cannot be used when semi-static codebook is configured for ACK/NACK based feedback for multicast.
· Summary of change
· Fix the size of DAI field in DCI format 4_2 to two.
· Consequences if not approved
· UE cannot count HARQ-ACK bits for NACK-only based HARQ-ACK feedback when the UE is configured with semi-static codebook for ACK/NACK based feedback for multicast and is provided moreThanOneNackOnlyMode = mode2.
	----------------------------------- Start of Text proposal to 7.3.1.5.3 of 38.212 -----------------------------------------------
<Unchanged text is omitted>
-	Downlink assignment index – 2bitsnumber of bits as defined in the following
-	2 bits if the higher layer parameter pdsch-HARQ-ACK-Codebook-Multicast=dynamic, where the 2 bits are the counter DAI;
-	0 bits otherwise. 
<Unchanged text is omitted>
----------------------------------- End of Text proposal to 7.3.1.5.3 of 38.212 ------------------------------------------------


Proposal 2: Multiplexing is applied when unicast HARQ-ACK feedback and multicast HARQ-ACK feedback with the same priority are reported in the same slot.
· Adopt the following text proposal in clause 18 of TS 38.213.
· Reason for change
· Conditions for multiplexing unicast HARQ-ACK and multicast HARQ-ACK are not described.
· Summary of change
· Specify that unicast HARQ-ACK and multicast HARQ-ACK are multiplexed when they are transmitted in the same slot.
· Consequences if not approved
· Conditions for multiplexing unicast HARQ-ACK and multicast HARQ-ACK are unclear.
	----------------------------------- Start of Text proposal to 18 of 38.213 ------------------------------------------------
<Unchanged text is omitted>
If a UE is provided pdsch-HARQ-ACK-Codebook-Multicast = semi-static, the UE generates a Type-1 HARQ-ACK codebook as described in clauses 9.1.2, 9.1.2.1, and 9.1.2.2.
If a UE is provided pdsch-HARQ-ACK-Codebook-Multicast = dynamic, the UE generates a Type-2 HARQ-ACK codebook as described in clause 9.1.3.1. 
If a UE is scheduled to report unicast HARQ-ACK information and multicast HARQ-ACK information with the same priority index in a same slot, the UE multiplexes unicast HARQ-ACK information and multicast HARQ-ACK information in a HARQ-ACK codebook.
<Unchanged text is omitted>
----------------------------------- End of Text proposal to 18 of 38.213 ------------------------------------------------


Proposal 3: UE does not expect to be scheduled to report HARQ-ACK for unicast with Type-3 HARQ-ACK codebook or enhanced Type-3 HARQ-ACK codebook and HARQ-ACK for multicast with different codebook type with the same priority in the same PUCCH slot.
· Adopt the following text proposal in clause 18 of TS 38.213.
· Reason for change
· Behavior when multicast HARQ-ACK and Type-3/e-Type-3 codebook are scheduled to be reported in the same slot is not yet defined.
· Summary of change
· UE does not expect multicast HARQ-ACK and Type-3/e-Type-3 codebook to be scheduled to report in the same slot.
· Consequences if not approved
· UE behavior is unclear when multicast HARQ-ACK and Type-3/e-Type-3 codebook are scheduled to be reported in the same slot.
	----------------------------------- Start of Text proposal to 18 of 38.213 ------------------------------------------------
<Unchanged text is omitted>
If, for unicast and multicast HARQ-ACK information of same priority value, a UE
-	is provided 
-	either pdsch-HARQ-ACK-Codebook = dynamic or pdsch-HARQ-ACK-Codebook-r16 and pdsch-HARQ-ACK-Codebook-Multicast = semi-static, 
-	or pdsch-HARQ-ACK-Codebook = semi-static and pdsch-HARQ-ACK-Codebook-Multicast = dynamic, and
-	would multiplex the unicast and multicast HARQ-ACK information in a same PUCCH or PUSCH 
the UE 
-	appends the HARQ-ACK codebooks for the multicast HARQ-ACK information to the HARQ-ACK codebooks for the unicast HARQ-ACK information
-	if , the UE determines  for obtaining a power of a PUCCH transmission with the HARQ-ACK information, as described in clause 7.2.1, as a sum of the  value from clause 9.1.2.1 or clause 9.1.3.3 and the  value from clause 9.1.3.1.
A UE does not expect to be scheduled to transmit a Type-3 HARQ-ACK codebook for unicast HARQ-ACK information and a Type-1 HARQ-ACK codebook or a Type-2 HARQ-ACK codebook for multicast HARQ-ACK information with the same priority value in a same slot.
A UE determines a PUCCH resource for a PUCCH transmission with HARQ-ACK information as described in clauses 9.2 and 9.2.1 through 9.2.5. 
<Unchanged text is omitted>
----------------------------------- End of Text proposal to 18 of 38.213 ------------------------------------------------


Proposal 4: A UE configured with NACK-only based feedback as a feedback option for multicast SPS provides ACK/NACK based feedback only for SPS activation/deactivation and NACK-only based feedback for multicast SPS PDSCH without PDCCH scheduling.
· Adopt the following text proposal in clause 18 of TS 38.213 to clarify the HARQ-ACK reporting mode for SPS GC-PDSCH activation/deactivation.
· Reason for change
· The behavior of UE with NACK-only based feedback configured as the HARQ-ACK reporting mode for SPS GC-PDSCH is not clearly specified.
· Summary of change
· Specify that ACK/NACK based feedback is provided for the first GC-PDSCH after activation, and NACK-only based feedback is provided for the other SPS GC-PDSCHs.
· Consequences if not approved
· The behavior of UE with NACK-only based feedback configured as the HARQ-ACK reporting mode for SPS GC-PDSCH is unclear.
	----------------------------------- Start of Text proposal to 18 of 38.213 ------------------------------------------------
<Unchanged text is omitted>
For the second HARQ-ACK reporting mode, the UE does not transmit a PUCCH that would include only HARQ-ACK information with ACK values. The second HARQ-ACK reporting mode is not applicable when a number of HARQ-ACK information bits is more than four, or for the first SPS PDSCH reception after activation of SPS PDSCH receptions for a SPS configuration, or for DCI formats having associated HARQ-ACK information without scheduling a PDSCH reception. If a UE is configured with the second HARQ-ACK reporting mode for a G-CS-RNTI, the UE provides HARQ-ACK information for the first SPS PDSCH reception after activation of SPS PDSCH receptions or an SPS PDSCH release using the G-CS-RNTI according to the first HARQ-ACK reporting mode and provides HARQ-ACK information for the other SPS PDSCH according to the second HARQ-ACK reporting mode. 
<Unchanged text is omitted>
----------------------------------- End of Text proposal to 18 of 38.213 ------------------------------------------------


Proposal 5: For addressing how to count and order the HARQ-ACK bits for NACK-only for Alt4, support Opt2-1-1 and Opt3-1-1.
· Adopt the following text proposal in clause 18 of TS 38.213.
	----------------------------------- Start of Text proposal to 18 of 38.213 ------------------------------------------------
<Unchanged text is omitted>
For the second HARQ-ACK reporting mode and a UE configured with only one G-RNTI, the UE can be indicated by moreThanOneNackOnlyMode to provide the HARQ-ACK information bits in a PUCCH either according to the first HARQ-ACK reporting mode or by selecting a resource from a set of resources for the PUCCH transmission based on the values of the HARQ-ACK information bits as described in Table 18-1. The UE generates HARQ-ACK information bits for the second HARQ-ACK reporting mode according to a Type-2 HARQ-ACK codebook as described in clause 9.1.3.1.
<Unchanged text is omitted>
----------------------------------- End of Text proposal to 18 of 38.213 ------------------------------------------------


Proposal 6: When moreThanOneNackOnly mode 2 is used, a UE does not expect to report more than 4 bits or bits of HARQ-ACK, where RPUCCH is the number of PUCCH resources in the configured PUCCH resource set.
· Adopt the following text proposal in clause 18 of 38.213.
· Reason for change
· In moreThanOneNackOnly mode 2, the behavior when the number of HARQ-ACK bits to be reported exceeds  bits is not specified.
· Summary of change
· Specify that the transmission of HARQ-ACK information over  bits is not assumed.
· Consequences if not approved
· In moreThanOneNackOnly mode 2, the behavior when the number of HARQ-ACK bits to be reported exceeds  bits is unclear.
	----------------------------------- Start of Text proposal to 18 of 38.213 ------------------------------------------------
<Unchanged text is omitted>
For the second HARQ-ACK reporting mode and a UE configured with only one G-RNTI, the UE can be indicated by moreThanOneNackOnlyMode to provide the HARQ-ACK information bits in a PUCCH either according to the first HARQ-ACK reporting mode or by selecting a resource from a set of resources for the PUCCH transmission based on the values of the HARQ-ACK information bits as described in Table 18-1. The UE generates HARQ-ACK information bits for the second HARQ-ACK reporting mode according to a Type-2 HARQ-ACK codebook as described in clause 9.1.3.1. If the UE is provided moreThanOneNackOnly-Mode = 'mode2', the UE does not expect to report more than 4 bits or  bits of HARQ-ACK information.
<Unchanged text is omitted>
----------------------------------- End of Text proposal to 18 of 38.213 ------------------------------------------------


Proposal 7: For nominal NACK-only PUCCH for multiplexing with ACK/NACK based HARQ-ACK feedback, support Opt3.
· Adopt the following text proposal in clause 18 of 38.213.
	----------------------------------- Start of Text proposal to 18 of 38.213 ------------------------------------------------
<Unchanged text is omitted>
If a UE would report multicast HARQ-ACK information according to the first HARQ-ACK reporting mode and multicast HARQ-ACK information of same priority value according to the second HARQ-ACK reporting mode in a same slot, the UE multiplexes the HARQ-ACK information. If a UE would multiplex multicast HARQ-ACK information according to the second HARQ-ACK reporting mode with multicast HARQ-ACK information according to the first HARQ-ACK reporting mode, or unicast HARQ-ACK information, or CSI reports in a first PUCCH or in a PUSCH, as described in clauses 9 and 9.2.5, the UE provides the HARQ-ACK information according to the first HARQ-ACK reporting mode. For resolving an overlapping among a second PUCCH with HARQ-ACK information according to the second HARQ-ACK reporting mode and other PUCCHs or PUSCHs prior to multiplexing the HARQ-ACK information in a PUCCH or PUSCH, the UE considers that the UE would transmit the second PUCCH when all values of the HARQ-ACK information are 'ACK'.
<Unchanged text is omitted>
----------------------------------- End of Text proposal to 18 of 38.213 ------------------------------------------------


Proposal 8: For nominal NACK-only PUCCH for multiplexing with PUCCH or PUSCH with CSI, support Opt1.
· Adopt the following text proposal in clause 18 of 38.213.
	----------------------------------- Start of Text proposal to 18 of 38.213 ------------------------------------------------
<Unchanged text is omitted>
If a UE would multiplex HARQ-ACK information that the UE would provide according to the second HARQ-ACK reporting mode with other UCI in a first PUCCH, or in a PUSCH, as described in clauses 9 and 9.2.5, the UE provides the HARQ-ACK information according to the first HARQ-ACK reporting mode. For resolving an overlapping among a second PUCCH with HARQ-ACK information according to the second HARQ-ACK reporting mode and other PUCCHs or PUSCHs prior to multiplexing the HARQ-ACK information in a PUCCH or PUSCH, the UE considers that the UE would transmit the second PUCCH when all values of the HARQ-ACK information are 'ACK'. If a UE is provided moreThanOneNackOnly-Mode = mode2, and if the UE is indicated to transmit HARQ-ACK information according to the second HARQ-ACK reporting mode in a slot, when any PUCCH resource in the PUCCH resource set configured for second HARQ-ACK reporting mode overlaps in time with other PUCCH or PUSCH in the slot, the UE assumes the PUCCH for second HARQ-ACK reporting mode overlaps with the other PUCCH or PUSCH.
<Unchanged text is omitted>
----------------------------------- End of Text proposal to 18 of 38.213 ------------------------------------------------


Proposal 9: When a PUCCH with NACK-only based feedback for multicast overlaps with a PUCCH with positive SR,
· When the NACK-only based feedback is transmitted in PUCCH format 0, the SR is dropped.
· Otherwise, the NACK-only based feedback and the SR are multiplexed using the same rules as for ACK/NACK based HARQ-ACK feedback.
· Adopt the following text proposal in clause 18 of 38.213.
· Reason for change
· Behavior when a PUCCH with NACK-only based HARQ-ACK and a PUCCH with SR overlap is not defined.
· Summary of change
· When PUCCH format 0 for NACK-only based feedback and SR overlap, the UE drops the SR. Otherwise, the same rules as for ACK/NACK based feedback are applied.
· Consequences if not approved
· Behavior when a PUCCH with NACK-only based HARQ-ACK and a PUCCH with SR overlap is unclear.
	----------------------------------- Start of Text proposal to 18 of 38.213 ------------------------------------------------
<Unchanged text is omitted>
If a UE would multiplex multicast HARQ-ACK information according to the second HARQ-ACK reporting mode with multicast HARQ-ACK information according to the first HARQ-ACK reporting mode, or unicast HARQ-ACK information, SR, or CSI reports in a first PUCCH or in a PUSCH, as described in clauses 9 and 9.2.5, the UE provides the HARQ-ACK information according to the first HARQ-ACK reporting mode. For resolving an overlapping among a second PUCCH with HARQ-ACK information according to the second HARQ-ACK reporting mode and other PUCCHs or PUSCHs prior to multiplexing the HARQ-ACK information in a PUCCH or PUSCH, the UE considers that the UE would transmit the second PUCCH when all values of the HARQ-ACK information are 'ACK'. If a UE would transmit a PUCCH with SR and a HARQ-ACK information bit according to the second HARQ-ACK reporting mode in a resource using PUCCH format 0 and they overlap in time, the UE transmits only the HARQ-ACK information. Otherwise, if a UE multiplexes in a PUCCH only multicast HARQ-ACK information according to second HARQ-ACK reporting modes and SR a UE would transmit a PUCCH with SR and a HARQ-ACK information bit according to the second HARQ-ACK reporting mode and they overlap in time, the UE determines a PUCCH resource as described in clause 9.2.5.1.
<Unchanged text is omitted>
----------------------------------- End of Text proposal to 18 of 38.213 ------------------------------------------------


Proposal 10: For broadcast PDSCH reception, when a UE that does not support dynamic slot-level repetition is indicated a TDRA entry that contains repetitionNumber, the UE is not required to receive the PDSCH.
· Adopt the following text proposal in clause 5.1.2.1 of TS 38.214.
· Reason for change
· Behavior is not defined when UE that does not support dynamic slot-level repetition is configured with a TDRA list that contains repetitionNumber. 
· Summary of change
· UEs that do not support dynamic slot-level repetition are not required to receive PDSCH scheduled with a TDRA entry containing repetitionNumber.
· Consequences if not approved
· The behavior of UE that do not support dynamic slot-level repetition is unclear when the UE is configured with a TDRA list containing repetitionNumber.
	----------------------------------- Start of Text proposal to 5.1.2.1 of 38.214 ------------------------------------------------
<Unchanged text is omitted>
When receiving PDSCH scheduled by DCI in PDCCH with CRC scrambled by G-CS-RNTI for multicast reception or G-RNTI, if the DCI field 'Time domain resource assignment' indicates an entry which contains repetitionNumber in PDSCH-TimeDomainResourceAllocation in the PDSCH-Config-Multicast or PDSCH-Config-Broadcast, the same SLIV is applied for all PDSCH transmission occasions across the repetitionNumber consecutive slots. When receiving PDSCH scheduled without corresponding PDCCH transmission using associated SPS-Config-Multicast and activated by DCI in PDCCH with CRC scrambled by G-CS-RNTI for multicast reception, if the DCI field 'Time domain resource assignment' of the activating DCI indicates an entry which contains repetitionNumber in PDSCH-TimeDomainResourceAllocation in the PDSCH-Config-Multicast, the same SLIV is applied for all PDSCH transmission occasions across the repetitionNumber consecutive slots. If a UE that does not indicate a capability for repetitionNumber in PDSCH-TimeDomainResourceAllocation in PDSCH-Config-Broadcast is indicated an entry which contains repetitionNumber by DCI format 4_0, the UE is not required to receive PDSCH scheduled by the DCI format.
<Unchanged text is omitted>
----------------------------------- End of Text proposal to 5.1.2.1 of 38.214 ------------------------------------------------
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