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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This paper discusses the remaining issues for NACK-only based HARQ-ACK feedback, codebook related to ACK/NACK based feedback, and codebook for the disabled HARQ-ACK. 
ACK/NACK based feedback
Type-1 HARQ-ACK codebook
For TDM-ed unicast and multicast Type-1 HARQ-ACK codebook construction, two alternatives are supported and it is up to network configuration which alternative is to be used, as agreed in RAN1#106bis-e meeting as follows:
	Agreement:
For TDM-ed unicast and multicast, for Type-1 HARQ-ACK codebook construction for ACK/NACK-based unicast and multicast to be multiplexed in the same PUCCH resource, determining PDSCH reception candidate occasions can be configured between the following alternatives from the previous agreement:
· Alt 1:
· for slot timing values  in the intersection of  set for unicast (termed set A) and  set for multicast (termed set B), based on union of the PDSCH TDRA sets, 
· for slot timing values  in set A but not in set B, based on PDSCH TDRA set for unicast, and
· for slot timing values  in set B but not in set A, based on PDSCH TDRA set for multicast. 
· Alt 2: for slot timing values  in the union of  set for unicast and  set for multicast, based on the union of the PDSCH TDRA sets.
· Support of Alt. 1 is a UE capability



This issue was further discussed in RAN1#107-e meeting for the case that UE is configured with multiple G-RNTIs for multicast. Considering Alt1 takes the intersection of K1 sets to determine the PDSCH occasions and how to obtain the intersection of k1 sets for the case of UE being configured with multiple G-RNTIs is complex so needs more discussion, a simplified solution was agreed in which the same TDRA table and the same dl-DataToUL-ACK is applied to all configured G-RNTIs as follows, which eventually leads to the same TDRA and the same K1 for all configured G-RNTIs by either Alt1 or Alt2. 
	Agreement
For a UE that supports multicast, the same TDRA table applies to all G-RNTIs if configured on a given serving cell. 

Agreement
For a UE that supports multicast, when PUCCH-Config for ACK/NACK based feedback for multicast is configured separately from unicast, the PUCCH-Config is applied to all G-RNTIs with ACK/NACK based feedback with the same priority on a given serving cell. 
· Note: The dl-DataToUL-ACK is included in PUCCH-Config



[bookmark: OLE_LINK1]For Type-1 codebook construction for FDM-ed unicast and multicast with multiple G-RNTIs configured and when UE is configured with fdmed-Reception-Multicast, it was agreed as follows that the sub-codebook for multicast consists of the sub-codebooks for each G-RNTI by appending one to another in ascending order of G-RNTI value:
	Agreement
For the Type-1 codebook construction for FDM-ed unicast and multicast via Opt 4 (from the previous agreement), when UE is configured with multiple G-RNTIs and UE is configured with fdmed-Reception-Multicast, the sub-codebook for multicast consists of the sub-codebooks for each G-RNTI by appending one to another in ascending order of G-RNTI value.
· The sub-codebook for each G-RNTI is generated per the k1 and TDRA configurations for the same G-RNTI as the legacy procedure. 
· FFS: whether/how to reduce the Type-1 codebook size when multiple G-RNTIs are configured.
· Note: The maximum number of G-RNTI(s) configured to UE for the FDMed unicast and multicast Type-1 codebook is up to UE capability which will be discussed in UE features.



In the CR review phase, whether/how the above agreement regarding the Type-1 codebook construction for the FDM-ed unicast and multicast with multiple G-RNTIs was discussed with divergent views but the agreement was temporarily not reflected in the specification [1]. The proponent of not reflecting the agreement viewed that FDM-ed multicast with different G-RNTIs are not supported so eventually only one sub-codebook is generated for multicast regardless of the number of G-RNTIs configured and the sub-codebook will be appended to the sub-codebook for unicast which has been reflected in the CR. The controversy lies in whether the sub-codebook for multicast should be generated first for all configured multiple G-RNTIs before appending it to the sub-codebook for unicast. 
When UE is configured with multiple G-RNTIs and is configured with fdmed-Reception-Multicast indicating FDM-ed unicast and multicast, as discussed in the last meeting [2] for the case shown in Figure 1, two alternatives were discussed corresponding to whether assuming the sub-codebook for multicast should be generated first for all configured G-RNTIs. 
[image: ]
[bookmark: _Ref91519637]Figure 1: UE configured with multiple G-RNTIs and with fdmed-Reception-Multicast
1) Assuming the sub-codebook for multicast is generated first
FDM-ed multicast for two configured G-RNTIs is not supported hence PDSCH occasions for multicast with different RNTIs are supposed to be TDM-ed in the same slot, so if the sub-codebook will be generated first following the agreement of based on either the intersection or the union of k1 set for all configured G-RNTIs, it turns out the same codebook will be used as for the case of a single G-RNTI because of the agreement of the same k1 and the same TDRA applies to all configured G-RNTIs. Therefore, the construction of the sub-codebook for multicast with multiple G-RNTIs is not more complex than for one G-RNTI when unicast can be FDM’ed with multicast.
2) Not assuming the sub-codebook for multicast is generated first
When UE is configured with fdmed-Reception-Multicast, the HARQ-ACK codebook is constructed by the sub-codebook for unicast appended by the sub-codebook for multicast per the agreement. From UE perspective, since UE is not aware which G-RNTI is FDM-ed with unicast in a given slot, it turns out the overall HARQ-ACK codebook is constructed eventually by concatenating the sub-codebook for unicast and each sub-codebook for each G-RNTI. 
Therefore, the following agreement was reached finally after agreeing on the same K1 and the same TDRA applied to all configured G-RNTIs. 
	Agreement
[bookmark: OLE_LINK5]For the Type-1 codebook construction for FDM-ed unicast and multicast via Opt 4 (from the previous agreement), when UE is configured with multiple G-RNTIs and UE is configured with fdmed-Reception-Multicast, the sub-codebook for multicast consists of the sub-codebooks for each G-RNTI by appending one to another in ascending order of G-RNTI value.
· The sub-codebook for each G-RNTI is generated per the k1 and TDRA configurations for the same G-RNTI as the legacy procedure. 
· FFS: whether/how to reduce the Type-1 codebook size when multiple G-RNTIs are configured.
· Note: The maximum number of G-RNTI(s) configured to UE for the FDMed unicast and multicast Type-1 codebook is up to UE capability which will be discussed in UE features. 



It was also commented by some companies that the approach in the above agreement includes  the case of different K1/TDRA configured to different G-RNTIs, but this is not allowed on the same serving cell according to the following agreement:
	Agreement
For a UE that supports multicast, the same TDRA table applies to all G-RNTIs if configured on a given serving cell. 



The size of the HARQ-ACK codebook derived from the agreement for the case that UE is configured with multiple G-RNTIs and with FDM-ed unicast and multicast was also noted and commented, so the agreement also reflected the FFS point accordingly that whether/how to reduce the Type-1 codebook size when multiple G-RNTIs are configured. 
Looking back to the discussions of the alternatives, if we consider to reduce the codebook size, the alternative of generating the sub-codebook for multicast first for all configured G-RNTI could be an option. However, we worry reverting the agreement to construct a sub-codebook for each G-RNTI and turning back to another alternative would be controversial and not beneficial for convergence in the maintenance phase. Therefore, we would prefer to stick to all the agreements reached and reflect them into the specifications as the TP suggested. 
Proposal 1: Reflecting the following agreement into TS 38.213 as the suggested TP. 
Agreement
For the Type-1 codebook construction for FDM-ed unicast and multicast via Opt 4 (from the previous agreement), when UE is configured with multiple G-RNTIs and UE is configured with fdmed-Reception-Multicast, the sub-codebook for multicast consists of the sub-codebooks for each G-RNTI by appending one to another in ascending order of G-RNTI value.
· The sub-codebook for each G-RNTI is generated per the k1 and TDRA configurations for the same G-RNTI as the legacy procedure. 
· FFS: whether/how to reduce the Type-1 codebook size when multiple G-RNTIs are configured.
· Note: The maximum number of G-RNTI(s) configured to UE for the FDMed unicast and multicast Type-1 codebook is up to UE capability which will be discussed in UE features.

----------------------------------------------------Text proposal starts--------------------------------------------------
[bookmark: _Toc92093836][bookmark: _Toc45699194][bookmark: _Toc36498168][bookmark: _Toc29917294][bookmark: _Toc29899557][bookmark: _Toc29899139][bookmark: _Toc29894840][bookmark: _Toc26719407][bookmark: _Toc20311582][bookmark: _Toc12021470][bookmark: _Ref505248562]9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
< Unchanged parts are omitted >
If a UE is provided fdmed-Reception-Multicast and the UE is configured to monitor PDCCH for detection of unicast DCI formats and to monitor PDCCH for detection of multicast DCI formats 
-	a serving cell is placed in a first set  of  serving cells if the UE is configured to monitor PDCCH for DCI formats 1_0/1_1/1_2 for scheduling on serving cell , and
-	a serving cell is placed in a second set  of  serving cells if the UE is configured to monitor PDCCH for detection of DCI format 4_1/4_2 for scheduling on serving cell , where  corresponds to the case of DCI format 4_1/4_2 scrambled by the  G-RNTI if configured, and
-	serving cells are placed in a set according to an ascending order of a serving cell index
the UE generates a Type-1 HARQ-ACK codebook for the set  and the set  of serving cells separately by setting  and  in the following pseudo-code. The UE concatenates the HARQ-ACK codebook generated for the set  followed by the HARQ-ACK codebook generated for the set  to obtain a total number of  HARQ-ACK information bits.
If the UE is configured to monitor PDCCH for DCI formats with CRC scrambled by G-RNTI or G-CS-RNTI and is provided type1-Codebook-Generation-Mode = 'mode1', the UE separately applies the following pseudo-code for each of the first  set, the second  set, and third  set as the set of slot timing values , and for the corresponding sets of row indexes as  to obtain first, second, and third Type-1 HARQ-ACK sub-codebooks, and concatenates the first, second, and third, Type-1 HARQ-ACK sub-codebooks to obtain the Type-1 HARQ-ACK codebook.
< Unchanged parts are omitted >
----------------------------------------------------Text proposal ends---------------------------------------------------

Different PUCCH structures for multiplexing 
The question addressed in this section is whether a UE can be configured with different PUCCH structures for unicast and multicast, e.g., sub-slot based PUCCH and slot-based PUCCH respectively, when the HARQ-ACK for unicast and multicast with the same priority are to be reported in the same PUCCH slot. 
It was clarified in RAN1#107-e meeting that UE can be configured with different PUCCH structures and in such a case UE is not expected to multiplex the HARQ-ACK for unicast and multicast in the same PUCCH slot. On the other hand, if UE is indicated to multiplex the HARQ-ACK for unicast and multicast in the same PUCCH, UE is not expected to be configured with different PUCCH structures. Therefore, the following agreement was reached that two things are not going to happen at the same time. It was clarified also how to capture this agreement can be up to specification editor. 
	Agreement
[bookmark: OLE_LINK65][bookmark: OLE_LINK66]UE is not expected to be configured with different PUCCH structures for unicast and multicast for which the HARQ-ACK are with the same priority and to be scheduled to multiplex the HARQ-ACK in the same PUCCH slot simultaneously. 



However, when discussing the draft TS 38.213 CR, such agreement was not captured wherein and it was explained by the editor that it is not needed to be reflected in specification. Unlike other cases, for this agreement, without anything stated in specification, there could be ambiguity between network and UEs regarding UE behaviour depending on UE processing capability of multiplexing HARQ-ACK with different PUCCH structure, i.e., network is not aware whether UE can multiplex or not. Therefore, we propose to reflect such an agreement into TS 38.213 to preclude the case of two things to happen at the same time as the suggested text proposal. 
Proposal 2: Reflect the following agreement into TS 38.213 by precluding the case of two things to happen at the same time as the suggested TP:
Agreement
UE is not expected to be configured with different PUCCH structures for unicast and multicast for which the HARQ-ACK are with the same priority and to be scheduled to multiplex the HARQ-ACK in the same PUCCH slot simultaneously. 

----------------------------------------------------Text proposal starts--------------------------------------------------
[bookmark: _Toc92093906]18	Multicast Broadcast Services
< Unchanged parts are omitted >
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. If the UE multiplexes HARQ-ACK information associated with unicast DCI formats and HARQ-ACK information associated with multicast DCI formats in a same PUCCH, the last DCI format that the UE uses to determine the PUCCH resource, as described in clause 9.2.3, is a last unicast DCI format.
A UE is not expected to be configured with different PUCCH structures for unicast and multicast for which the HARQ-ACK are with the same priority and to be scheduled to multiplex the HARQ-ACK in the same PUCCH slot simultaneously.
----------------------------------------------------Text proposal ends---------------------------------------------------

[bookmark: _Ref129681832]NACK-only based HARQ-ACK feedback
The two main issues discussed for a long time are NACK-only overlapping with other UCI (now FFS SR) and more than one TB with NACK-only feedback in the same PUCCH slot. The discussion of PUCCH resource sets and resources per resource set has been pending due to effect from the solution adopted for the two main issues. The discussion in this section aims to solve the open issues for NACK-only feedback. 
[bookmark: _Ref78382577]NACK-only overlapping with SR
Summary of legacy procedure of ACK/NACK multiplexing with SR [3]
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 3: 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 [2] 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 proposals 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 2. 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 2: more than four TBs with NACK-only are transformed into ACK/NACK
Proposal 4: 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]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 3.2, 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 5: Support only one HARQ-ACK bit for NACK-only feedback for PUCCH format 0 or format 1. 
Proposal 6: The sequence cyclic shift for NACK-only is [image: ]. 
Proposal 7: 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. 
The discussions in the last meeting focused on the following proposals [2]: 
	Proposal 4.4.1-1
For group-common DCI indicating HARQ-ACK enabled/disabled, the HARQ-ACK feedback for all PDSCHs to be transmitted in the same PUCCH slot are expected to be all enabled or all disabled. 
Proposal 4.4.1-2
· If the ACK/NACK based feedback is disabled by RRC signalling, 
· For Type-1 codebook, padding NACK such that CB size is the same as in the case if HARQ-ACK feedback was enabled.
· FFS Type-2 codebook generation
· If the ACK/NACK feedback is disabled by group-common DCI, 
· For Type-1 codebook, 
· UE generates ACK if PDSCH is decoded correctly; otherwise, generates NACK. 
· FFS Type-2 codebook generation.



It is noted that the codebook type configured for multicast is applied to all G-RNTIs and for a given G-RNTI, the codebook type configured is the same for all UEs within the group, regardless whether the HARQ-ACK enabled/disabled is configured by RRC signaling or is indicated in the group-common DCI. 
[bookmark: OLE_LINK4]For the case of Type-1 codebook configured and HARQ-ACK disabled by RRC signaling for G-RNTI1, UE should not need to report anything when the codebook is constructed for this G-RNTI1 multicast only. However, if UE detected one PDSCH for unicast or one group-common PDSCH with another G-RNTI2 for which HARQ-ACK is enabled, the Type-1 codebook with the same priority from this UE should keep the same codebook size as if G-RNTI1 multicast is enabled so as to be aligned with network in case UE misses some scheduling DCIs. What should UE report for such a case? As agreed in NR NTN topic UE reports NACK-only 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 8: For a given multicast with G-RNTI configured with HARQ-ACK disabled by RRC signaling, for Type-1 codebook generation, 
· if UE does not detect any PDSCH for unicast nor other multicast PDSCH with different G-RNTI with HARQ-ACK enabled by RRC signalling for the same PUCCH slot, UE does not report any HARQ-ACK information in the PUCCH slot; otherwise, 
· UE will constantly report NACK-only for the multicast G-RNTI with HARQ-ACK configured to be disabled regardless of decoding results of corresponding PDSCH.

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. 
Proposal 9: 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.

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 10: 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 regarding Type-1 codebook construction, NACK-only feedback details, HARQ-ACK codebook for disabled HARQ-ACK. This discussion leads to the following proposals:
Proposal 1: Reflecting the following agreement into TS 38.213 as the suggested TP. 
Agreement
For the Type-1 codebook construction for FDM-ed unicast and multicast via Opt 4 (from the previous agreement), when UE is configured with multiple G-RNTIs and UE is configured with fdmed-Reception-Multicast, the sub-codebook for multicast consists of the sub-codebooks for each G-RNTI by appending one to another in ascending order of G-RNTI value.
· The sub-codebook for each G-RNTI is generated per the k1 and TDRA configurations for the same G-RNTI as the legacy procedure. 
· FFS: whether/how to reduce the Type-1 codebook size when multiple G-RNTIs are configured.
· Note: The maximum number of G-RNTI(s) configured to UE for the FDMed unicast and multicast Type-1 codebook is up to UE capability which will be discussed in UE features.

----------------------------------------------------Text proposal starts--------------------------------------------------
9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
< Unchanged parts are omitted >
If a UE is provided fdmed-Reception-Multicast and the UE is configured to monitor PDCCH for detection of unicast DCI formats and to monitor PDCCH for detection of multicast DCI formats 
-	a serving cell is placed in a first set  of  serving cells if the UE is configured to monitor PDCCH for DCI formats 1_0/1_1/1_2 for scheduling on serving cell , and
-	a serving cell is placed in a second set  of  serving cells if the UE is configured to monitor PDCCH for detection of DCI format 4_1/4_2 for scheduling on serving cell , where  corresponds to the case of DCI format 4_1/4_2 scrambled by the  G-RNTI if configured, and
-	serving cells are placed in a set according to an ascending order of a serving cell index
the UE generates a Type-1 HARQ-ACK codebook for the set  and the set  of serving cells separately by setting  and  in the following pseudo-code. The UE concatenates the HARQ-ACK codebook generated for the set  followed by the HARQ-ACK codebook generated for the set  to obtain a total number of  HARQ-ACK information bits.
If the UE is configured to monitor PDCCH for DCI formats with CRC scrambled by G-RNTI or G-CS-RNTI and is provided type1-Codebook-Generation-Mode = 'mode1', the UE separately applies the following pseudo-code for each of the first  set, the second  set, and third  set as the set of slot timing values , and for the corresponding sets of row indexes as  to obtain first, second, and third Type-1 HARQ-ACK sub-codebooks, and concatenates the first, second, and third, Type-1 HARQ-ACK sub-codebooks to obtain the Type-1 HARQ-ACK codebook.
< Unchanged parts are omitted >
----------------------------------------------------Text proposal ends---------------------------------------------------

Proposal 2: Reflect the following agreement into TS 38.213 by precluding the case of two things to happen at the same time as the suggested TP:
Agreement
UE is not expected to be configured with different PUCCH structures for unicast and multicast for which the HARQ-ACK are with the same priority and to be scheduled to multiplex the HARQ-ACK in the same PUCCH slot simultaneously. 

----------------------------------------------------Text proposal starts--------------------------------------------------
18	Multicast Broadcast Services
< Unchanged parts are omitted >
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. If the UE multiplexes HARQ-ACK information associated with unicast DCI formats and HARQ-ACK information associated with multicast DCI formats in a same PUCCH, the last DCI format that the UE uses to determine the PUCCH resource, as described in clause 9.2.3, is a last unicast DCI format.
A UE is not expected to be configured with different PUCCH structures for unicast and multicast for which the HARQ-ACK are with the same priority and to be scheduled to multiplex the HARQ-ACK in the same PUCCH slot simultaneously.
----------------------------------------------------Text proposal ends---------------------------------------------------

Proposal 3: 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 4: 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 5: Support only one HARQ-ACK bit for NACK-only feedback for PUCCH format 0 or format 1. 
Proposal 6: The sequence cyclic shift for NACK-only is [image: ]. 
Proposal 7: For PF1 NACK-only, set [image: ]. 
Proposal 8: For a given multicast with G-RNTI configured with HARQ-ACK disabled by RRC signaling, for Type-1 codebook generation, 
· if UE does not detect any PDSCH for unicast nor other multicast PDSCH with different G-RNTI with HARQ-ACK enabled by RRC signalling for the same PUCCH slot, UE does not report any HARQ-ACK information in the PUCCH slot; otherwise, 
· UE will constantly report NACK-only for the multicast G-RNTI with HARQ-ACK configured to be disabled regardless of decoding results of corresponding PDSCH.

Proposal 9: 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 10: 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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