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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This paper discusses the remaining issues for UL-DAI for multicast, multiplexing different codebook types, NACK-only based HARQ-ACK feedback. 
[bookmark: _Ref129681832]ACK/NACK based HARQ-ACK feedback
UL-DAI for multicast
The agreements achieved in the last meeting are as follows:
	Agreement
When PUCCH carrying multicast HARQ-ACK only overlaps with PUSCH with the same priority, support UL-DAI indicating the number of HARQ-ACK bits for multicast as defined in Rel-16 for unicast HARQ-ACK. 
· FFS it is applied to a single G-RNTI or applied to all configured G-RNTIs. 

Agreement
Support multiplexing unicast and multicast HARQ-ACK onto the same PUSCH with the same priority for the following cases:
· If the unicast and multicast HARQ-ACK codebooks are both Type-1
· Option1-1: the 1-bit UL DAI with value “1” indicates multiplexing unicast and multicast HARQ-ACK codebooks onto the same PUSCH. 
· Option1-2: two bits UL DAI separately indicate whether multiplexing unicast and/or multicast HARQ-ACK codebooks onto the same PUSCH
· FFS whether it is applied to a single G-RNTI or applied to all configured G-RNTIs.
· If both unicast and multicast HARQ-ACK codebooks are Type-2, down-select from:
· Option2-1: the 2-bit UL DAI is applicable to both HARQ-ACK codebooks. 
· Option2-2: 2-bit UL DAI(s) are included in DCI for multicast, in addition to the 2-bit UL DAI for unicast. 
· FFS whether a single UL DAI field is applied to all G-RNTIs, or separate UL DAI fields are applied for each configured G-RNTI.
· FFS the unicast and multicast HARQ-ACK codebooks are different Types. 



ACK/NACK-based HARQ feedback can be multiplexed into PUSCH and UL-DAI indicates whether or how many HARQ bits are multiplexed into the PUSCH. In addition, multiplexing HARQ-ACK for unicast and HARQ-ACK for multicast onto the same PUSCH with the same priority is supported. The remaining issues include that the UL-DAI for multicast is applied per G-RNTI or applied to all configured G-RNTIs and whether a joint UL-DAI is applied to unicast and multicast or separate UL-DAIs for unicast and multicast respectively will be included in the DCI. 
Considering unicast and multicast can be configured with different codebook types and UL-DAI has been defined in TS38.212 for unicast to address different cases for unicast. The straightforward solution with less specification efforts and not affecting what has been defined for unicast is adding a separate UL-DAI field for multicast. Such a field is only present to UE supporting multicast. 
HARQ-ACK for multicast only supports Type-1 and Type-2 codebooks. UL-DAI for multicast is 1 bit for Type-1 codebook and 2 bits for Type-2 codebook. As agreed that the codebook Type configured for multicast is applied to all configured G-RNTIs but DL-DAI for Type-2 codebook generation is separately counting for different G-RNTIs. Therefore, one 1-bit UL-DAI field is applied to configured G-RNTIs for Type-1 codebook. 2-bit UL-DAI is included in UL-DCI for each configured G-RNTIs for Type-2 codebook. Note that if disabling HARQ-ACK is configured by RRC, the UL-DAI field for both Type-1 and Type-2 codebook could be absent in the UL-DCI. 
Proposal 1: one 1-bit UL-DAI field for multicast Type-1 codebook is added into UL-DCI and applied to all configured G-RNTIs. 
Proposal 2: one 2-bit UL-DAI field for multicast Type-2 codebook is added into UL-DCI for each configured G-RNTI. 
Proposal 3: The UL-DAI field for multicast is absent when disabling HARQ-ACK is configured by RRC signaling. 
Multiplexing different codebook types
When UE is configured with enhanced Type-2, Type-3, or enhanced Type-3 codebook for unicast, the question is whether/how to support multiplexing the codebook for unicast and the codebook for multicast. This issue was discussed in RAN1#107bis-e meeting [1] but the discussion of the latest proposal as follows was not converging:
	Proposal 2.1.1.3
· When enhanced Type-2 codebook is configured for unicast and when the UE is scheduled to multiplex enhanced Type-2 HARQ-ACK for unicast and with Type-1 or Type-2 HARQ-ACK codebook for multicast in the same PUCCH slot,
· UE generates two separate sub-codebooks for unicast and multicast respectively and appends the multicast HARQ-ACK sub-codebook to the unicast HARQ-ACK sub-codebook.
· FFS: When UE is configured with Type-3 codebook for unicast, the Type-3 HACK-ACK codebook UE generated does not include the HARQ-ACK for multicast, down-select from:
· Opt1: When UE is scheduled to provide Type-3 HARQ-ACK for unicast and Type-1 or Type-2 HARQ-ACK codebook for multicast in the same PUCCH slot, the UE drops the HARQ-ACK for multicast.
· Opt2: UE is not scheduled to provide Type-3 HARQ-ACK for unicast and Type-1 or Type-2 HARQ-ACK codebook for multicast in the same PUCCH slot.
· FFS for the case when UE is configured with enhanced Type-3 HARQ-ACK codebook for unicast.



The controversy mainly lies how to support Type-3 codebook for unicast and Type-1/Type-2 codebook for multicast or how Type-3 codebook is practically generated considering unicast, multicast and broadcast share the total number of HARQ processes and up to network to allocate the HARQ process properly. This needs more discussion.
At least for UE configured with enhanced Type-2 codebook for unicast, multiplexing enhanced Type-2 codebook for unicast and Type-1/Type-2 codebook for multicast can be supported by UE generating two sub-codebooks and then concatenating them together. 
Proposal 4: When enhanced Type-2 is configured for unicast and when the UE is scheduled to multiplex the codebook for unicast and the HARQ-ACK codebook for multicast in the same PUCCH slot,
· UE generates two separate sub-codebooks for unicast and multicast respectively and appends the multicast HARQ-ACK sub-codebook to the unicast HARQ-ACK sub-codebook.
NACK-only based HARQ-ACK feedback
The discussion in this section aims to solve the open issues for NACK-only feedback. 
[bookmark: _Ref78382577]NACK-only overlapping with other UCI
RAN1#106bis-e meeting agreed the following: 
	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. 



The agreement only covers the case of UCI/PUSCH for unicast. The case of NACK-only PUCCH transmission for G-RNTI1 overlapping with the ACK/NACK based PUCCH transmission G-RNTI2 is still open. The other issue is whether transforming NACK-only into ACK/NACK depends on the decoding outcome. 
NACK-only overlapping with ACK/NACK for multicast
The HARQ-ACK feedback modes (with mode1 ACK/NACK and mode2 NACK-only based feedback) are configured per G-RNTI for multicast. 
For UE configured with two G-RNTIs with G-RNTI1 configured with mode1 and with G-RNTI2 configured with mode2. When PUCCH transmission for G-RNTI1 NACK-only collides with PUCCH transmission for G-RNTI2 ACK/NACK based feedback, the solution of multiplexing the HARQ-ACK for mode1 and the HARQ-ACK for mode2 by transforming NACK-only into ACK/NACK can also be applied
Proposal 5: For UE configured with NACK-only based feedback for the first G-RNTI and with ACK/NACK based feedback for the second G-RNTI, when the PUCCH transmission for the HARQ-ACK for the second G-RNTI collides with the PUCCH transmission for the HARQ-ACK for the first G-RNTI for the same priority, support UE multiplexing the HARQ-ACK for the second G-RNTI and the HARQ-ACK for the first G-RNTI by transforming NACK-only into the ACK/NACK HARQ bit.
Condition for transforming NACK-only into ACK/NACK 
Different hypotheses for network blind decoding should be avoided when possible. In light of this, we should make it clear that the multiplexing of HARQ-ACK for NACK-only based feedback with other UCI/PUSCH does not depend on UE’s decoding outcome because otherwise network blind decoding is inevitable. 
Such clarification is worthwhile because if the TB is decoded correctly, for NACK-only based feedback mode, the ACK is not sent. Therefore, the expected procedure is supposed to check whether the PUCCH resource for NACK-only based feedback is overlapping with other PUCCH/PUSCH transmission and if it is the case, UE provides ACK or NACK according to the decoding outcome when multiplexing with other UCI/PUSCH. 
The current description in TS38.213 v17.0.0 is not accurately or clearly reflecting the procedure as expected. Considering the above two issues, a text proposal is suggested for clarification: 
Proposal 6: Adopt the following text proposal to TS38.213 v17.0.0:
--------------------------------Text proposal to TS38.213 v17.0.0 Starts--------------------------------------------
[bookmark: _Toc92093906]18	  Multicast Broadcast Services
< Unchanged parts are omitted >
For the second HARQ-ACK reporting mode, if a the PUCCH resource for HARQ-ACK information associated with multicast DCI formats configured with the second HARQ-ACK reporting mode overlaps in time domain with another PUCCH resource for HARQ-ACK information associated with multicast DCI formats configured with the first HARQ-ACK reporting mode, or with the PUCCH resource associated with unicast DCI formats, or with the PUCCH resource associated with P/SP-CSI, or with a PUSCH transmission,  then the UE would multiplexes HARQ-ACK information associated with multicast DCI formats and HARQ-ACK information associated with unicast DCI formats in a PUCCH, or with P/SP-CSI in a PUCCH, or in a PUSCH,  and the UE provides HARQ-ACK information according to the first HARQ-ACK reporting mode for all multicast DCI formats. 
< Unchanged parts are omitted >
--------------------------------Text proposal to TS38.213 v17.0.0 Ends---------------------------------------------
NACK-only overlapping with SR
Summary of legacy procedure of ACK/NACK multiplexing with SR [2]
Either PUCCH format 0 (PF0) or PUCCH format 1 (PF1) is configured for SR transmission. UE transmits a PUCCH only when the UE transmits a positive SR by setting [image: ] for PF0 and [image: ]for PF1. 
If UE would transmit a positive SR and PF0 for HARQ-ACK, the UE transmits the PUCCH in the resource using PF0 in PRB(s) for HARQ-ACK information by setting [image: ] different values from that used for PF0 for HARQ-ACK. If the UE would transmit a negative SR and PF0 for HARQ-ACK, the UE transmits the PUCCH in the resource using PF0 for HARQ-ACK information using the same [image: ]for PF0 for HARQ-ACK.
If a UE would transmit PF0 for SR and PF1 for HARQ-ACK in a slot, the UE transmits only the PF1 for HARQ-ACK and SR is dropped. If the UE would transmit a positive SR using PF1 and a PF1 for HARQ-ACK in a slot, the UE transmits a PF1 for HARQ-ACK in the resources for PF1 SR. If a UE would not transmit a positive SR using PF1 and a PF1 for HARQ-ACK in a slot, the UE transmits a PF1 for HARQ-ACK in the resources for PF1 HARQ-ACK. 
The above cases for multiplexing SR and HARQ-ACK are summarized in Table 1. Note that there are other cases of multiplexing, e.g., PF2/3/4 for HARQ-ACK and PF0/1 for SR that are not summarized in the table, because these are not the case of multiplexing NACK-only and SR since only PF0/1 are supported for NACK-only PUCCH. 
[bookmark: _Ref91671216]Table 1: Legacy procedure for multiplexing SR and HARQ-AK for PF0/PF1.
	
	PF0 for SR
	PF1 for SR

	PF0 for HARQ-ACK
	For positive SR: UE transmits PF0 in the resources for HARQ-ACK by setting [image: ]different values (3/0, 9/1, or 1/00, 4/01, 7/11, 10/10) from that used for PF0 for HARQ-ACK  (0/0, 6/1, or 0/00, 3/01, 6/11, 9/10). 
For negative SR: UE transmits PF0 HARQ-ACK in the resources for HARQ-ACK using the same  [image: ]for PF0 for HARQ-ACK.

	PF1 for HARQ-ACK
	Drop SR
	For positive SR: UE transmits PF1 for HARQ-ACK in the resources for PF1 SR. 
For negative SR: UE transmits PF1 for HARQ-ACK in the resources for PF1 HARQ-ACK. 



Multiplexing NACK-only with SR
Following the legacy procedures as much as possible for multiplexing NACK-only and SR, are there any issues if HARQ-ACK is just replaced by NACK-only in Table 1?
The answer is yes when the resources for NACK-only is configured to be shared with more than one UE for the case of PF0 for SR and PF0 for HARQ-ACK as in red in Table 1, since network cannot differentiate the detected sequence of SR is from which UE. 
How to multiplex NACK-only with SR has been discussed in several rounds in RAN1#107-e meeting and the controversy lies whether NACK-only should be transformed into ACK/NACK first before multiplex with SR especially considering NACK-only being transformed into ACK/NACK has been agreed when the transmission collides with other UCI/PUSCH.
If NACK-only is transformed into ACK/NACK first before multiplexing, the PUCCH resources used for HARQ-ACK (or with positive SR) should be the resources configured per UE, which is either PUCCH resources configured for ACK/NACK feedback for multicast or for unicast. Since UE can only be configured with either ACK/NACK or NACK-only based by RRC signaling as agreed, when UE is configured with NACK-only, UE is probably not configured with PUCCH resources for ACK/NACK based for multicast so PUCCH resources configured for unicast will be used instead. 
Unlike the case of NACK-only transmission colliding with other UCI/PUSCH for which NACK-only transformed into ACK/NACK and then using PUCCH resources configured for unicast seems only practical because NACK-only resource is either PF0 or PF1 (or even configured to be shared with other UEs) which cannot accommodate the multiplexed UCI or UL-SCH data. If network configured PUCCH resources for NACK-only which is probably shared with other UEs, the resources is supposed to be used as much as possible for benefits of reducing PUCCH resources overhead or burden of detecting ACK/NACK. Therefore, it is not preferable to use the PUCCH resources for unicast to carry the multiplexing of NACK-only transformed into ACK/NACK with SR.
If NACK-only is not firstly transformed into ACK/NACK and reuse the legacy procedures as summarized in Table 1 as much as possible for multiplexing NACK-only with SR, the mainly changes needed are to the legacy procedures of PF0 HARQ-ACK and PF0/1 SR in red as in Table 1. When PF0 NACK-only collides with PF0 positive SR, [image: ]can be set to a value different from that for PF0 positive SR only so that two different cases can be differentiated. When PF0 NACK-only collides with PF1 positive SR, since transmission on PF1 SR resources are modulated so NACK-only can be treated as ACK/NACK for one or two TBs.
Proposal 7: When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmission carrying SR for the same priority, adopt the procedures for multiplexing NACK-only and SR as in the following table: 
	
	PF0 for SR
	PF1 for SR

	PF0 for NACK-only
	For positive SR: UE transmits PF0 NACK-only in the resources 
· for PF0 SR, by setting[image: ]different from that for PF0 SR only.
· for PF1 SR, by setting  b(0) or b(0)b(1) different from that for PF1 SR only depending on the number of TB(s) with NACK-only:
· for one TB NACK-only, setting ,
· for two TBs (N,A) setting b(0)b(1)=(1,0), for (A,N) setting b(0)b(1)=(0,1), and for (N,N) setting b(0)b(1)=(1,1)
For negative SR: UE transmits PF0 NACK-only in resources configured for NACK-only.

	PF1 for NACK-only
	Drop SR
	For positive SR: UE transmits PF1 NACK-only in the resources for PF1 SR. 
For negative SR: UE transmits PF1 NACK-only in the resources for PF1 NACK-only 



[bookmark: _Ref82794139][bookmark: _Ref91837461]More than one NACK-only multiplexing
How to support more than one NACK-only transmissions in the same PUCCH slot has been discussed for several meetings with Atl1 and Alt4 open as in the following agreement:
	[bookmark: OLE_LINK49][bookmark: OLE_LINK50]Agreement:
When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, further decide based on the following subset of alternatives (from previous agreement) with potential further down-selection:
· Alt1: Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits. 
· Alt2: Support sub-slot based PUCCH for this case. 
· Alt3: Support UE transmitting more than one slot-based PUCCHs in the same PUCCH slot. 
· Alt4: Define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission. 
· Alt5: NACK-only bundling



Defining combinations of NACK-only corresponding to a specific sequence or a PUCCH transmission as in Alt4 needs a limit because the number of PUCCH resources will be increased exponentially with the increase of the number of NACK-only for combinations. Some companies commented [1] that Alt1 may discount the benefits of NACK-only because when NACK-only is configured the PUCCH resources for NACK-only are supposed to be used as much as possible. Hence, there could be a tradeoff between Atl1 and Alt4 for way forward, e.g., for more than four TBs with NACK-only feedback, Alt1 takes place. The combinations in Alt4 can be limited to four TBs with NACK-only. 
Such a way forward was also the direction the discussions in RAN1#107-e meeting started from. The proposal that was discussed the most is as follows: 
	Proposal:
· When more than one NACK-only feedback are available for transmission in the same PUCCH slot for a given G-RNTI,
· define up to [A] orthogonal PUCCH resources to select from according to combinations of up to [B] TBs with NACK-only feedback, 
· for more than [B] TBs with NACK-only feedback, NACK-only feedback is transformed into ACK/NACK based, i.e., the UE reports HARQ-ACK as in Rel-16 if the UE is provided UE-specific PUCCH resources. Otherwise, the UE does not report HARQ-ACK.
· FFS: Which PUCCH resources UE uses.
· FFS: values of A and B. 
· FFS: UE is not expected to transmit more than one NACK-only feedback corresponding to different G-RNTIs in the same PUCCH slot. 



The unclear points regarding this proposal from the last meeting discussion are mainly about the PUCCH resources and whether the proposal can be applied to the case of different G-RNTs. 
Regarding the orthogonal PUCCH resources needed for combinations of TBs for NACK-only, the proposal from some company is up to 16 PUCCH resources or with one less considering UE is not supposed to report anyway when all TBs decoded correctly to correspond to 4 TBs. The combinations of 4TBs corresponding to the PUCCH resources can be illustrated in Table 2. 
[bookmark: _Ref91753083]Table 2: Combinations of 4TBs corresponding to the PUCCH resources
	PUCCH resource set
	TB#1
	TB#2-TB#3
	TB#2-TB#3-TB#4
	TB#4-TB#5-TB#6-TB#7

	PUCCH resource ID#0
	N
	N-N
	N-N-N
	N-N-N-N

	PUCCH resource ID#1
	(A)
	A-N
	A-N-N
	A-N-N-N

	PUCCH resource ID#2
	
	N-A
	N-A-N
	N-A-N-N

	PUCCH resource ID#3
	
	(A-A)
	A-A-N
	A-A-N-N

	PUCCH resource ID#4
	
	
	N-N-A
	N-N-A-N

	PUCCH resource ID#5
	
	
	A-N-A
	A-N-A-N

	PUCCH resource ID#6
	
	
	N-A-A
	N-A-A-N

	PUCCH resource ID#7
	
	
	(A-A-A)
	A-A-A-N

	PUCCH resource ID#8
	
	
	
	N-N-N-A

	PUCCH resource ID#9
	
	
	
	A-N-N-A

	PUCCH resource ID#10
	
	
	
	N-A-N-A

	PUCCH resource ID#11
	
	
	
	A-A-N-A

	PUCCH resource ID#12
	
	
	
	N-N-A-A

	PUCCH resource ID#13
	
	
	
	A-N-A-A

	PUCCH resource ID#14
	
	
	
	N-A-A-A

	PUCCH resource ID#15
	
	
	
	(A-A-A-A)



When the resources for NACK-only are not shared with other UEs, it can be easily seen that network can differentiate which TB is not correctly decoded from the detected PUCCH resources. When the same PUCCH resources for NACK-only are configured to different UEs within the group, network can differentiate which TB is failed in decoding by indicating the same TB or TB combination to different UEs to report NACK-only in the same PUCCH slot by k1 included in the scheduling DCI, which can be done by configuring the same k1 set for different UEs in the group when configuring NACK-only based feedback per G-RNTI. 
Some companies were concerned about the case of multiple G-RNTIs. Likewise, if all UEs are configured with the same set of G-RNTIs, the network can also differentiate which TB from which G-RNTI is failed in decoding by indicating the k1 which is common to all UEs in the group. On the other hand, UEs does not need to choose the PUCCH resources for the combinations of TBs from different G-RNTIs, which can be done by network indicating different k1 or PRI pointing to a different PUCCH resource set defined for NACK-only for different G-RNTIs, which can be up to gNB implementation. Hence, the proposal works in general for a single or multiple G-RNTIs cases. 
When UE is indicated to report the HARQ-ACK for more than four TBs in the same PUCCH slot, UE is expected to generate a HARQ-ACK codebook by transforming the NACK-only into ACK/NACK bits and the PUCCH resource to be used for the transmission is expected to be the one configured for unicast by the k1 and PRI included in the last scheduling DCI for multicast as shown in Figure 1. If UE is not configured with appropriate PUCCH resources for unicast, UE is not expected to report more than four TBs in the same PUCCH slot. 

[image: ]
[bookmark: _Ref91843408]Figure 1: more than four TBs with NACK-only are transformed into ACK/NACK
Proposal 8: When more than one NACK-only feedback are available for transmission in the same PUCCH slot,
· define up to 16 orthogonal PUCCH resources to select from per PUCCH resource set according to combinations of up to 4 TBs with NACK-only feedback. 
· for more than 4 TBs with NACK-only feedback, NACK-only feedback is transformed into ACK/NACK based, i.e., the UE reports HARQ-ACK as in Rel-16 if the UE is provided UE-specific PUCCH resources. Otherwise, the UE does not report HARQ-ACK.
· The PUCCH resource to be used for the transmission is based on the last DCI scheduling multicast

[bookmark: _Ref82544122]Codebook for NACK-only
Normally HARQ-ACK codebook including semi-static and dynamic codebook is for ACK/NACK based feedback and whether there is codebook concept for NACK-only is not common understanding. 
For supporting more than one TB with NACK-only in the same PUCCH slot, how to determine the number of TBs with NACK-only which is the common issue no matter these TBs’ HARQ-ACK will turn from NACK-only to ACK/NACK or be combined to correspond to the PUCCH resource. When associating the combination of TBs with NACK-only with the PUCCH resource ID, how to determine the number of TBs, there could be two options:
· Option1: based on the k1 set and TDRA table configured by higher layer signaling. 
· Option2: based on C-/T-DAI included in the scheduling DCI. 
Reducing PUCCH resource overhead is one benefit of NACK-only based feedback, Option2 with C/T-DAI can also solve the DCI missing issue so it is sufficient to support option2 only. In addition, from the discussions in the last meeting [1], option2 based on C-/T-DAI included in the scheduling DL DCI seems agreeable and whether the option 1 based on the k1 set and TDRA table configured by higher layer signaling is supported is controversial. 
The proposal was updated as follows but no consensus was reached in the last meeting: 
	Proposal 3.4.2
If more than one TBs with NACK-only transmission in the same slot is supported, based on C-/T-DAI included in the scheduling DL DCI to determine the number of TBs with NACK-only that will be transmitted in the same PUCCH slot, 
· Note1: It is similar to Type-2 codebook size determination for ACK/NACK based feedback.
· Note2: Whether T-DAI is included is subject to whether multicast on SCell is supported. 
· FFS: based on the k1 set and TDRA table configured by higher layer signaling to determine the number of TBs with NACK-only, which is similar to Type-1 codebook size determination for ACK/NACK based feedback. 



The more discussion needed is regarding the C-/T-DAI, whether T-DAI should be included and whether the C-/T-DAI is supposed to be for one G-RNTI only. 
Since whether multicast can be received on more than one serving cell is still under discussion and in our view [3] it is of better forward compatibility to support multicast on more than on serving cell requires minor specification changes and it is up to UE reporting the capability of the maximum number of serving cell for receiving multicast, T-DAI can be included in the DCI for determining the number of TBs with NACK-only. In addition, similar to ACK/NACK based feedback, the C-/T-DAI included in DCI should be per G-RNTI. However, the TBs with NACK-only from different G-RNTIs can still be multiplexed in the same PUCCH slot and determining the PUCCH ID for the transmission based on section 3.3, i.e., the total number of TB with NACK-only is the sum of TBs determined based on C-/T-DAI in DCI for each G-RNTI. 
Proposal 9: If more than one TBs with NACK-only transmission in the same slot is supported, based on C-/T-DAI included in the scheduling DL DCI to determine the number of TBs with NACK-only that will be transmitted in the same PUCCH slot. 
PUCCH resources for NACK-only
Both PUCCH format 0 and format 1 are supported for NACK-only based HARQ-ACK feedback as agreed. These two formats both support 1 or 2 HARQ-ACK bits as legacy and are transmitted on one PRB. PUCCH format 0 occupy one or two symbols but PUCCH format 1 can be transmitted over four and more symbols for better coverage. The common questions for both formats are whether two bits or only one bit is used to NACK-only feedback and what the cyclic shift is used to represent NACK. 
Following the idea of defining combinations of NACK-only in section 3.3, 16 PUCCH resources in one PUCCH resource set can be configured to correspond to up to 4 TBs with NACK-only in the same PUCCH slot. Network indicates which TBs are to be reported in the same PUCCH slot by the k1 and PRI if needed included in scheduling DCI, so the resources can be shared by UEs. When PF1 for NACK-only based on modulated symbols accommodates two TBs with NACK-only, for example, UE1 reports (TB1/ACK, TB2/NACK) and UE2 reports (TB1/NACK, TB2/ACK) in the same PUCCH resource may cause network decoding failed. 
The minor specification impact way is only supporting one HARQ-ACK bit for NACK-only given that NACK-only can be transformed into the ACK/NACK based feedback for cases, e.g., when more than four TBs with NACK-only based feedback are available for transmission in the same PUCCH slot, when the NACK-only feedback are available with other UCI feedback on the same PUCCH resource, or when the PUCCH resources are overlapped with PUSCH transmission. 
Accordingly, the sequence cyclic shift for NACK-only can be hard-coded into[image: ].
Proposal 10: Support only one HARQ-ACK bit for NACK-only feedback for PUCCH format 0 or format 1. 
Proposal 11: The sequence cyclic shift for NACK-only is [image: ]. 
Proposal 12: For PF1 NACK-only, set [image: ]. 

Codebook for the disabled HARQ-ACK
Whether UE should report HARQ-ACK when the HARQ-ACK is disabled and whether it makes differences for Type-1 or Type-2 codebook were discussed in the last meeting without progress due to controversy. 
[bookmark: _Ref95240707]Type-1 CB for RRC disabled HARQ-ACK 
Based on the discussion in the last meeting [1], companies tend to agree no report at all for the disabled HARQ-ACK which is the nature consequence seemingly. 
If all TBs from different configured G-RNTIs are with HARQ-ACK disabled, UE does not need to report any HARQ-ACK information in the PUCCH slot. However, if at least one G-RNTI is with HARQ-ACK enabled that is to be multiplexed with HARQ-ACK for the G-RNTI with HARQ-ACK disabled by RRC signalling, UE needs to report something instead of reporting nothing because otherwise network need to do blind decoding due to different hypotheses as shown in Figure 2. In Figure 2, it is assumed (as proposed by some companies) that UE doesn’t report a bit for a successfully received DCI corresponding to a G-RNTI configured with disabled HARQ. However, if the DCI is missed the UE needs to report NACK as per the legacy procedure. This means the codebook size is variable and this won’t be known to the gNB in case of a missed DCI, therefore the codebook size network expected will not be aligned with the codebook size UE generated due to DCI missing. 
[image: ]
[bookmark: _Ref95242066]Figure 2: Type-1 CB size misalignment if UE reports nothing for the disabled HARQ-ACK

Instead, the Type-1 codebook size should be fixed to solve the DCI missing issue and in this case UE should report something for the HARQ-ACK disabled for a successfully received DCI. Whether UE reports NACK or UE reports ACK or NACK based on the decoding result for the disabled HARQ-ACK was also debated in NR NTN topic. The potential benefit for only reporting NACK is improving network decoding UCI accuracy because it is fixed NACK known to network. 
Finally, NR NTN topic agreed UE reports NACK for the feedback-disabled HARQ process regardless of decoding results of corresponding PDSCH, the same approach can be taken for NR MBS for this case. 
	Agreement
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]For Type-1 HARQ codebook, the UE will consistently report NACK-only for the feedback-disabled HARQ process regardless of decoding results of corresponding PDSCH.



Proposal 13: For Type-1 codebook generation, 
· if all configured G-RNTIs are with HARQ-ACK disabled by RRC signalling, UE does not report any HARQ-ACK information in the PUCCH slot;
· if at least one configured G-RNTI is with HARQ-ACK enabled, UE will report NACK for the G-RNTI with HARQ-ACK disabled regardless of decoding results of corresponding PDSCH.

Type-1 CB and DCI disabling HARQ-ACK
For the case of Type-1 codebook configured and HARQ-ACK disabled by group-common DCI, it may not happen by network avoiding such configurations when there is no benefit for this case. Type-1 codebook size in general should not be affected by dynamic scheduling. Regardless of whether the group-common DCI indicates enabling or disabling HARQ-ACK, the Type-1 codebook size should be kept the same as if the HARQ-ACK is always enabled. Hence, UE is not expected to be configured with Type-1 codebook and to be configured with HARQ-ACK disabled by group-common DCI simultaneously. 
This is comment from the last meeting that such not simultaneous configuration is restricted in a serving cell. The codebook type configured for multicast is applied to all configured G-RNTIs. If Type-1 CB together with DCI disabling HARQ-ACK is not a reasonable configuration, then it is not a reasonable configuration for each G-RNTI nor each serving cell. Hence, this restriction should be for multicast per UE. 
Proposal 14: UE is not expected to be configured with Type-1 HARQ-ACK codebook and to be configured with HARQ-ACK disabled by group-common DCI simultaneously.

Type-2 CB for disabled HARQ-ACK
For the case of Type-2 codebook configured, DAIs for unicast and multicast or for different multicast (G-RNTIs) if configured are independently counted and Type-2 HARQ-ACK codebook is constructed by sub-codebook for unicast appended by sub-codebook for multicast which can be a sub-codebook concatenating each sub-codebook of multicast configuration (G-RNTI) as shown in Figure 3. 
· When the HARQ-ACK is disabled by RRC signaling per G-RNTI, UE does not need to report HARQ-ACK for the disabled G-RNTI and the Type-2 codebook can be deterministic and aligned between UE and network. 
· When the HARQ-ACK is disabled by group-common DCI, among the scheduled TBs with k1 pointing to the same PUCCH slot, if some TBs are indicated with HARQ-ACK enabled but others with HARQ-ACK disabled, UE still needs to report NACK for the TBs indicated with HARQ-ACK disabled, because network cannot differentiate which scheduling DCI is missed by UE otherwise. Alternatively, for all the TBs scheduled with k1 pointing to the same PUCCH slot, the status of “enabling/disabling HARQ-ACK feedback indication” in the scheduling DCI can be set to the same value, so that UE does not need to report HARQ-ACK for all TBs with the HARQ-ACK disabled, which can also address the C/T-DAI misalignment between different UEs. 
[image: ]
[bookmark: _Ref92214524]Figure 3：Type-2 codebook for unicast and multicast
Proposal 15: For group-common DCI indicating HARQ-ACK enabled/disabled, for Type-2 codebook generation, UE expects the HARQ-ACK feedback for all PDSCHs to be transmitted in the same PUCCH slot are all enabled or all disabled. 
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution discusses the remaining issues UL-DAI, multiplexing different codebook types, and NACK-only based feedback. This discussion leads to the following proposals:
Proposal 1: one 1-bit UL-DAI field for multicast Type-1 codebook is added into UL-DCI and applied to all configured G-RNTIs. 
Proposal 2: one 2-bit UL-DAI field for multicast Type-2 codebook is added into UL-DCI for each configured G-RNTI. 
Proposal 3: The UL-DAI field for multicast is absent when disabling HARQ-ACK is configured by RRC signaling. 
Proposal 4: When enhanced Type-2 is configured for unicast and when the UE is scheduled to multiplex the codebook for unicast and the HARQ-ACK codebook for multicast in the same PUCCH slot,
· UE generates two separate sub-codebooks for unicast and multicast respectively and appends the multicast HARQ-ACK sub-codebook to the unicast HARQ-ACK sub-codebook.
Proposal 5: For UE configured with NACK-only based feedback for the first G-RNTI and with ACK/NACK based feedback for the second G-RNTI, when the PUCCH transmission for the HARQ-ACK for the second G-RNTI collides with the PUCCH transmission for the HARQ-ACK for the first G-RNTI for the same priority, support UE multiplexing the HARQ-ACK for the second G-RNTI and the HARQ-ACK for the first G-RNTI by transforming NACK-only into the ACK/NACK HARQ bit.

Proposal 6: Adopt the following text proposal to TS38.213 v17.0.0:
--------------------------------Text proposal to TS38.213 v17.0.0 Starts--------------------------------------------
18	  Multicast Broadcast Services
< Unchanged parts are omitted >
For the second HARQ-ACK reporting mode, if a the PUCCH resource for HARQ-ACK information associated with multicast DCI formats configured with the second HARQ-ACK reporting mode overlaps in time domain with another PUCCH resource for HARQ-ACK information associated with multicast DCI formats configured with the first HARQ-ACK reporting mode, or with the PUCCH resource associated with unicast DCI formats, or with the PUCCH resource associated with P/SP-CSI, or with a PUSCH transmission,  then the UE would multiplexes HARQ-ACK information associated with multicast DCI formats and HARQ-ACK information associated with unicast DCI formats in a PUCCH, or with P/SP-CSI in a PUCCH, or in a PUSCH,  and the UE provides HARQ-ACK information according to the first HARQ-ACK reporting mode for all multicast DCI formats. 
< Unchanged parts are omitted >
--------------------------------Text proposal to TS38.213 v17.0.0 Ends---------------------------------------------
Proposal 7: When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmission carrying SR for the same priority, adopt the procedures for multiplexing NACK-only and SR as in the following table: 
	
	PF0 for SR
	PF1 for SR

	PF0 for NACK-only
	For positive SR: UE transmits PF0 NACK-only in the resources 
· for PF0 SR, by setting[image: ]different from that for PF0 SR only.
· for PF1 SR, by setting  b(0) or b(0)b(1) different from that for PF1 SR only depending on the number of TB(s) with NACK-only:
· for one TB NACK-only, setting ,
· for two TBs (N,A) setting b(0)b(1)=(1,0), for (A,N) setting b(0)b(1)=(0,1), and for (N,N) setting b(0)b(1)=(1,1)
For negative SR: UE transmits PF0 NACK-only in resources configured for NACK-only.

	PF1 for NACK-only
	Drop SR
	For positive SR: UE transmits PF1 NACK-only in the resources for PF1 SR. 
For negative SR: UE transmits PF1 NACK-only in the resources for PF1 NACK-only 



Proposal 8: When more than one NACK-only feedback are available for transmission in the same PUCCH slot,
· define up to 16 orthogonal PUCCH resources to select from per PUCCH resource set according to combinations of up to 4 TBs with NACK-only feedback. 
· for more than 4 TBs with NACK-only feedback, NACK-only feedback is transformed into ACK/NACK based, i.e., the UE reports HARQ-ACK as in Rel-16 if the UE is provided UE-specific PUCCH resources. Otherwise, the UE does not report HARQ-ACK.
· The PUCCH resource to be used for the transmission is based on the last DCI scheduling multicast

Proposal 9: If more than one TBs with NACK-only transmission in the same slot is supported, based on C-/T-DAI included in the scheduling DL DCI to determine the number of TBs with NACK-only that will be transmitted in the same PUCCH slot. 
Proposal 10: Support only one HARQ-ACK bit for NACK-only feedback for PUCCH format 0 or format 1. 
Proposal 11: The sequence cyclic shift for NACK-only is [image: ]. 
Proposal 12: For PF1 NACK-only, set [image: ]. 
Proposal 13: For Type-1 codebook generation, 
· if all configured G-RNTIs are with HARQ-ACK disabled by RRC signalling, UE does not report any HARQ-ACK information in the PUCCH slot;
· if at least one configured G-RNTI is with HARQ-ACK enabled, UE will report NACK for the G-RNTI with HARQ-ACK disabled regardless of decoding results of corresponding PDSCH.

Proposal 14: UE is not expected to be configured with Type-1 HARQ-ACK codebook and to be configured with HARQ-ACK disabled by group-common DCI simultaneously.
Proposal 15: For group-common DCI indicating HARQ-ACK enabled/disabled, for Type-2 codebook generation, UE expects the HARQ-ACK feedback for all PDSCHs to be transmitted in the same PUCCH slot are all enabled or all disabled. 
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