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Introduction
In this contribution, we provide our view on the outstanding issues of the reliability mechanisms for NR MBS, based on the agreements made up to RAN1#107e. 
[bookmark: _Ref178064866]Discussion
[bookmark: _Ref79166630][bookmark: OLE_LINK1][bookmark: OLE_LINK2]NACK only based HARQ feedback
The following was agreed during RAN1#103e , RAN1#104e and RAN1#105e:
	RAN1#103:
Agreements:
For RRC_CONNECTED UEs receiving multicast, for NACK-only based HARQ-ACK feedback if supported for group-common PDCCH scheduling, PUCCH resource configuration for HARQ-ACK feedback from per UE perspective is separate from PUCCH resource configuration for HARQ-ACK feedback for unicast. 
· FFS PUCCH format
RAN1#104:
Agreement:
For RRC_CONNECTED UEs receiving multicast, support the following:
· ACK/NACK based HARQ-ACK feedback for multicast, 
· It is up to network to configure orthogonal PUCCH resources among UEs within the same group. 
· FFS: NACK-only based HARQ-ACK feedback for multicast, 
· It is up to network to configure the PUCCH resources and the PUCCH resources can be shared among UEs within the same group. 
· FFS details. 

RAN1#104b:
Agreement:
Support NACK-only based HARQ-ACK feedback for RRC_CONNECTED UEs receiving multicast. 

RAN1#105:
Agreement:
Support PUCCH format 0 and format 1 for NACK-only based HARQ-ACK feedback for multicast. 

Agreement:
Support NACK-only based HARQ-ACK feedback at least for multicast SPS PDSCH without PDCCH scheduling.
· FFS for SPS activation/deactivation. 

Conclusion:
PUCCH resource for NACK-only can be shared by UEs transmitting the NACK-only based HARQ-ACK feedback.

RAN1#106:

Agreement:
The priority of multicast for NACK-only based feedback is the same as the priority of unicast for the same priority index of HARQ-ACK. 

RAN1#106b:

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. 

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

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.

Agreement:
For UE supporting both ACK/NACK based and NACK-only based feedback for multicast, for the same G-RNTI, support the following
· UE can be configured with either ACK/NACK based or NACK-only feedback for a single G-RNTI.
· Note: Case1-1: if configured with ACK/NACK based feedback, UE can be optionally configured a separate PUCCH-Config/PUCCH-ConfigurationList for multicast. Otherwise, PUCCH-Config/PUCCH-ConfigurationList for unicast applies (This has been agreed.)
· Case 1-2: if configured with NACK-only based feedback, when separate PUCCH-Config/PUCCH-ConfigurationList for NACK-only is not configured, PUCCH-Config/PUCCH-ConfigurationList for unicast applies. 

RAN1#107:

Agreement
Support enabling/disabling HARQ-ACK for NACK-only based feedback. 
· The relevant agreements made for ACK/NACK based feedback can be extended for the support of NACK-only, including:
· RRC signalling configures the presence of the field “enabling/disabling HARQ-ACK feedback indication” in the group-common DCI and the configuration is per G-RNTI.
· RRC signalling configures directly whether the HARQ-ACK feedback is enabled or disabled and the configuration is per G-RNTI. 

RAN1#108:

Agreement
For supporting more than one NACK-only feedback in the same PUCCH transmission, define RRC configuration to configure between Alt1 and Alt4 (from previous agreements):
· Alt1: Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits. 
· FFS: how to determine PUCCH resource
· Alt4: Define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission. 
· define up to 15 orthogonal PUCCH resources to select from according to combinations of up to 4 TBs with NACK-only feedback, 
· FFS: The PUCCH slot for the transmission is based on the K1 in the “last DCI” scheduling multicast. 
· FFS: The PUCCH resource for the transmission is from PUCCH-config configured for NACK-only based feedback according to the mapping between number of TBs with PUCCH resource ID.
· FFS mapping details. 
· How to determine the number of TBs is discussed separately, e.g., Type-1-like and/or Type-2-like codebook.
· FFS: whether this applies to a single G-RNTI or multiple G-RNTIs
· Alt4 is not supported for more than 4 TBs
· FFS: whether RRC configuration between Alt1 and Alt4 is per G-RNTI or per CFR
· FFS: UE capability




On the FFS: how to determine PUCCH resource: 

If unicast or multicast feedback for other G-RNTI with ACK/NACK is also available, then we propose to concattenate the codebooks and apply rules for determining PUCCH resource in the same way as for ACK/NACK. 

[bookmark: _Toc101798111]If unicast or multicast feedback for other G-RNTI with ACK/NACK is also available, then we propose to concatenate the codebooks and apply rules for determining PUCCH resource in the same way as for ACK/NACK.



On the FFS: whether RRC configuration between Alt1 and Alt4 is per G-RNTI or per CFR:

We see no reason to support configuration per G-RNTI. In fact, it can create problems, because if a UE is configured for 2 G-RNTIs and one of them with Alt1 and the other with Alt4, then this may imply 2 CBs and accordingly may require UE NACK-only feedback transmission in multiple PUCCH resources in the same UL slot.

[bookmark: _Toc101798112]RRC configuration between Alt1 and Alt4 is per CFR.

On the FFS: UE capability:

[bookmark: _Toc101798113]This discussion should be moved to the overall UE capability discussion.

Codebook types for NACK-only feedback
Type-1 (semistatic) and Type-2 (dynamic) codebook is defined for NR HARQ feedback. For transmitting NACK feedback signals for multiple PDSCHs from multiple UEs in a multicast group in the same uplink slot, each UE also needs to build a HARQ codebook.
With the agreed “Alt4” for NACK-only feedback of up to 4 TBs, the NACK-only CB is inherently of a fixed size of up to 4 TBs, where we assume the codebook size is RRC configurable from 1 to 4 TBs. So in this respect it is a Type I CB. But it is not a Type I in the sense of the CB size being equal to the number of configured scheduling occasions, i.e. the size of the K1 set. The NACK-only CB cannot be seen as a Type II CB either, since the number of HARQ feedback bits is always four, with some bits possibly representing non-received PDCCHs, which may be missed or non-scheduled. The CB for NACK-only HARQ feedback can therefore be considered to be a special CB type, which we may call NACK-only CB.

When we say NACK-only "codebook" we just mean that one or more than one NACK-only based feedback has to be transmitted in the same PUCCH slot. We do not mean the NACK-only "codebook" is channel coded and mapped to a single PUCCH resource as in the ACK/NACK feedback mode.
[bookmark: _Toc101798114]For NACK-only transmission of HARQ feedback for group scheduling, a dedicated NACK-only CB type is supported, which is different from both semistatic and dynamic ACK/NACK codebooks 

A NACK-only codebook needs to be built separately from unicast HARQ codebook and multicast ACK/NACK codebooks. We assume it is not possible that the NACK-only codebook includes feedback bits representing PDSCHs scheduled with C-RNTI. Because the bits in the NACK-only codebooks will be mapped to PUCCH resources shared by all NACK-only UEs for the same G-RNTI, a bit in the codebook therefore needs to have the same meaning for all such UEs. 

[bookmark: _Toc101798115]The NACK-only codebook is constructed independently from the codebook that includes feedback for PDSCH scheduled by C-RNTI. or G-RNTI with ACK/NACK feedback.

We note that the codebook type can be set independently, per G-RNTI, for ACK/NACK and NACK-only mode. If Type-II is configured for a G-RNTI for any UE then DAIs need to be included in DCI. 

We will now first consider the solution for the case where the transmission only targets UEs configured with NACK-only, i.e. without any UEs configured for ACK/NACK of the same G-RNTI transmissions. We will then consider the mixed case where the same transmission targets both types of UEs.

All UEs are configured with NACK-only
The NACK-only CB may be configured for single G-RNTI or for multiple G-RNTIs. Of course, as a special case, when the NACK-only CB has been configured for multiple G-RNTIs, the transmitted CB may occasionally include only a single G-RNTI, so this will also work. However, with a dedicated configuration of a single G-RNTI per NACK-only CB, there are potential enhancements that are not possible without such dedicated configuration, see below.

For the case the NACK-only CB is configured for single G-RNTI, the legacy cDAI can be reused as is. With cDAI, the position of a particular TB feedback bit in the CB can then be determined, based on the cDAI value, with e.g. ‘01’ being the second CB position. In addition, any missed PDCCHs before the last received PDCCH can also be detected based on received cDAIs. With this, the UE is able to send NACK on such missed, but identified, TB positions in the CB. Any TB positions in the CB, after the last received PDCCH, may be due to a missed PDCCH or to no scheduled PDCCH. In the first case the UE should ideally send NACK, but in the latter case it should send ACK, not to cause unnecessary UL transmission and retransmission. Since the UE cannot determine which is which there needs to be a rule for how the UE should react. 
Since NACK, as a general rule for these cases, would imply that all UEs send NACK every time there is a non-scheduled PDCCH (and this is very undesirable), sending always ACK is normally preferable. The implication of ACK is that every missed PDCCH implies a missed TB data, but that may often be acceptable, considering the nature of NACK-only feedback and that the alternative may be considered as worse. We therefore propose that, as default, the UE is required to send ACK for TB positions in the CB that has not been received after the latest received PDCCH. To support cases with low tolerance for lost data one may also consider supporting NACK feedback in such cases, based on RRC configuration.

[bookmark: _Toc101798116]A NACK-only CB codebook can be configured for single G-RNTI or for multiple G-RNTIs.  
[bookmark: _Toc101798117]For single G-RNTI configuration of NACK-only CB, the DCI includes the 2-bit cDAI field, which is incremented for each TB of the G-RNTI within the CB.


[bookmark: _Toc101798118]As default, the UE is required to set the feedback information to ACK for TB positions in the NACK-only CB that have not been received after the latest received PDCCH. As an alternative to the default, NACK feedback in such cases can be configured by RRC.

For the case the NACK-only CB is configured for multiple G-RNTIs, the legacy cDAI can also be reused, with a small change – the cDAI is now counted across all G-RNTIs of the CB, not a single G-RNTI as above. Within this contribution we use the name cDAI* for this “across-G-RNTIs cDAI”. This means that also for multiple G-RNTIs, the position in the CB can be directly inferred from the cDAI* value. However, cDAI* gaps could be due to either the same or other G-RNTIs, and there is no way the UE can know which is which, so it must report ACK for these positions. This means that if e.g. a UE correctly receives a configured G-RNTI in one TB position and nothing else, and the remaining positions are allocated to other (non-configured) G-RNTIs, the UE will send no HARQ feedback (i.e. ACK on all four TBs), as one would desire. It does not make sense for the UE to report NACK for G-RNTIs that it is not configured for.

[bookmark: _Toc101798119]For multiple G-RNTI configuration of NACK-only CB, the DCI includes a 2-bit cDAI* field, which is counted across all G-RNTI TBs of the NACK-only CB. The DCI may in addition be configured with the cDAI field.


Mixed case of ACK/NACK and NACK-only UEs
We now consider the case where the same transmitted G-RNTIs target UEs configured with ACK/NACK feedback and UEs configured with NACK-only feedback. Each category of UE therefore needs to use the same received DCI to construct the respective Type I/II ACK/NACK CBs or the NACK-only CB. In the further discussion, we distinguish between Type I and Type II ACK/NACK CBs sub-cases:

Type II CB for ACK/NACK together with NACK-only feedback
In this case the cDAI is available in the DCI for ACK/NACK UEs, but can also be exploited by NACK-only UEs.
For single G-RNTI, this means that NACK-only UEs can operate as in the case with only NACK-only UEs, so the mixed UE case does not add any difficulties.
For multiple G-RNTIs, due to the compatibility requirement with Type II CB ACK/NACK UEs, the cDAI can however not be counted across all G-RNTIs, as proposed (with cDAI*) for the case with NACK-only for multiple G-RNTIs when all UEs use NACK-only. The cDAI can however still be used to detect missed PDCCHs before the last received one, so is helpful but not essential for NACK-only UEs. What is fundamentally missing however, is a counter over all G-RNTIs, which is only relevant and applicable to NACK-only UEs. To support this, an additional 2-bit DCI field is required, which is the same field as the above-mentioned cDAI*. With this additional cDAI* field, the position of a TB in the NACK-only CB can be directly determined. In addition, the cDAI can indicate missed PDCCHs of the same G-RNTI, so could allow some possibility to send NACK on these. 

[bookmark: _Toc101798120]For the mixed case of Type II CB for ACK/NACK together with NACK-only feedback, the cDAI field (counted per G-RNTI) is complemented with an additional cDAI* field (counted across all G-RNTIs of the NACK-only CB)


Type I CB for ACK/NACK together with NACK-only feedback
For single G-RNTI, the Type I CB case for mixed UEs is similar to the Type II case, except that the cDAI is missing in the DCI that targets only ACK/NACK UEs but needs to be present when also NACK-only UEs are targeted. We propose thus to support the use of the cDAI field also for G-RNTI transmissions targeting both UEs with Type I ACK/NACK CB and UEs with NACK-only CB. With this, a Type I ACK/NACK UE could thus be configured with a DCI containing the cDAI field, although it would not have any use of it. But since both ACK/NACK UEs and NACK-only UEs use the same DCI, this DCI needs to include this field to support NACK-only UEs.

[bookmark: _Toc101798121]For the mixed single G-RNTI case of Type I CB for ACK/NACK together with NACK-only feedback, the cDAI field (counted per G-RNTI) is supported in the DCI for NACK-only UEs but ignored by ACK/NACK UEs


For multiple G-RNTIs, like the case with only NACK-only UEs above, a cDAI* field is required, instead of cDAI, for NACK-only UEs. With this, the UE can identify the position in the CB of any received TB. If also the cDAI field is present in the DCI, NACK-only UEs can, “within” a G-RNTI, also detect missed PDCCHs preceding a received PDCCH. 


[bookmark: _Toc101798122]For the mixed multiple G-NTI case of Type I CB for ACK/NACK together with NACK-only feedback, the cDAI* field (counted across all G-RNTIs of the NACK-only CB) is supported in the DCI for NACK-only UEs but ignored by ACK/NACK UEs. The cDAI field may in addition be supported.


Below is a summary table of all combinations and the resulting DCI impact and UE behavior.
	CB type for ACK/NACK UEs

Single/multiple G-RNTIs

	Only UEs with ACK/NACK HARQ feedback
	Only UEs with 
NACK-only HARQ feedback
	UEs with ACK/NACK and NACK-only HARQ feedback

	Type I CB 
   Single G-RNTI
	OK

UE sends NACK on all non-received scheduling occasions
	OK with cDAI added to DCI

UE sends ACK on all non-received scheduling occasions, except when cDAI indicates missed PDCCH (NACK)
	OK with cDAI added to DCI, although no benefit or harm for ACK/NACK

Behavior of NACK-only UEs, as with only such UEs

	Type I CB 
   Multiple G-RNTIs
	OK

UE sends NACK on all non-received scheduling occasions
	OK with cDAI* added to DCI

UE sends ACK on all non-received occasions
	OK with cDAI* added to DCI, although no benefit or harm for ACK/NACK

Behavior of NACK-only UEs, as with only such UEs

	Type II CB 
   Single G-RNTIs
	OK

UE sends NACK on all missed PDCCHs detected via cDAI
	See Type I CB above
	OK with legacy cDAI

Behavior of NACK-only UEs, as with only such UEs

	Type II CB 
   Multiple G-RNTIs
	OK

UE sends NACK on all missed PDCCHs within a G-RNTI as detected via cDAI
	See Type I CB above
	OK with legacy cDAI and cDAI* added to DCI
(increased DCI size)
Alternatively: not support


cDAI = Legacy definition, counted per G-RNTI
cDAI* = As cDAI, but counted across all G-RNTIs in the NACK-only CB

Note: For the case of only UEs with NACK-only HARQ feedback (“NACK-only-only”), there needs to be just one common definition of cDAI/cDAI*, i.e. it is always counted across all TBs in the NACK-only CB.
However, for the mixed UEs case, the legacy cDAI is required for ACK/NACK UEs sending Type II CB, so both cDAI and cDAI* need to be provided in this case.

Special case of NACK-only PUCCH configuration limited to four scheduling occasions
If the NACK-only UE is configured with a K1 set size limited to four, the UE can determine the CB position directly from the received K1, so will not need cDAI (single G-RNTI) or cDAI* (multiple G-RNTIs). For this case the DCI size can therefore be reduced for the case with only UEs with NACK-only HARQ feedback, with or without ACK/NACK Type I CB UEs.

[bookmark: _Toc101798123]The NACK-only codebook for a G-RNTI is constructed independently from codebooks constructed for other G-RNTIs that the UE may also receive and from the codebook that includes feedback for PDSCH scheduled by C-RNTI.

   
[bookmark: _Toc86822258][bookmark: _Toc86822259][bookmark: _Ref86814490]Further details on NACK only resources for multiple bit feedback


According to our understanding of Alt 4, in order to convey N bits the UE transmits one selected PUCCH resource in a slot, from a pool of M=2^N-1 configured PUCCH resources. 

The actually-used PUCCH resource therefore carries the required N information bits. Each UE transmits on one of the resources according to the TBs for which the UE needs to signal NACK in the relevant UL slot. 

In order to illustrate our thinking, we first show the legacy PUCCH resource scheme as used for ACK/NACK feedback in Figure 2 and then in Figure 3 our proposed scheme for NACK-only feedback based on Alt4.

[image: ]
[bookmark: _Ref86998152]Figure 2 Legacy PUCCH resource scheme considering PRI, UCI and PUCCH resource sets




[bookmark: _Ref86998220][image: ]
Figure 3 Proposed scheme for NACK-only, using PUCCH resource pools, one per PRI

UCI payload size is not a parameter here, consequently only a single PUCCH resource set is required, denote it PUCCH resource set 0. 

The UCI payload for NACK-only feedback is not a parameter selecting between PUCCH resource sets, as in the case for legacy PUCCH resource sets. 

[bookmark: _Toc101798124]PUCCH configuration for NACK-only contains a single PUCCH resource set. 

According to the agreement, Alt4 supports up to 15 orthogonal PUCCH resources to select from according to combinations of up to 4 TBs with NACK-only feedback, i.e. N<=4 feedback bits are mapped to 2^N-1 PUCCH resources, for which we propose the term PUCCH resource pool Different PUCCH resource pools can be defined for different PRIs. In the example of Figure 3 each pool contains different PUCCH resources, but like in the legacy scheme it is also possible that a PUCCH resource is associated with multiple PRIs and accordingly we propose that a PUCCH resource can be associated with multiple pools. As usual it is up to the gNB to ensure that in any uplink slot a PUCCH resource is addressed only once so that collisions do not occur.


Multiple PUCCH resources pools could be configured for dynamic selection via PRI. This has the same advantage as the PRI method has for legacy ACK/NACK feedback, i.e. it provides flexibility to the gNB to more dynamically dedicate a PUCCH resource to a legacy ACK/NACK feedback configured for a particular UE or for the NACK-only feedback configured for a particular G-RNTI.

We note that for a G-RNTI some UEs may be configured for ACK/NACK feedback and some other UEs may be configured for NACK-only feedback. As PRI for G-RNTI DCI is agreed to be supported, we propose that the PRI information is also used by UEs configured for NACK-only.

[bookmark: _Toc101798125]The PRI in the DCI is interpreted by UEs in NACK-only mode to select one of the PUCCH resource pools configurations for NACK-only.
The PRI in a PDCCH scrambled by a G-RNTI will therefore be interpreted as pointing to one PUCCH resource pool consisting of Z PUCCH resources for NACK-only feedback by the UEs that have been configured for NACK-only mode, and as pointing to one PUCCH configuration out of the PUCCH configuration set for ACK/NACK feedback by the UEs that have been configured for ACK/NACK feedback mode.

Currently 38.331 has in the PUCCH-Config:

PUCCH-ResourceSet ::=                   SEQUENCE {
    pucch-ResourceSetId                     PUCCH-ResourceSetId,
    resourceList                            SEQUENCE (SIZE (1..maxNrofPUCCH-ResourcesPerSet)) OF PUCCH-ResourceId,
    maxPayloadSize                          INTEGER (4..256)                                                      OPTIONAL  -- Need R
}

maxNrofPUCCH-ResourcesPerSet            INTEGER ::= 32      -- Maximum number of PUCCH Resources per PUCCH-ResourceSet

maxNrofPUCCH-ResourcesPerSet =32 has also been agreed also for NACK-only. The ResourceSet definition could then be modifed to introduce the resource pool list like this:

PUCCH-ResourceSet ::=                   SEQUENCE {
    pucch-ResourceSetId                     PUCCH-ResourceSetId,
    poolList                            SEQUENCE (SIZE (1..maxNrofPUCCH-ResourcePoolsPerSet)) OF PUCCH-ResourcePoolId,
    maxPayloadSize                          INTEGER (4..256)                                                      OPTIONAL  -- Need R
}

Each pool then could be specified like this:

PUCCH-ResourcePool ::=                   SEQUENCE {
    pucch-ResourcePoolId                     PUCCH-ResourcePoolId,
    resourceList                            SEQUENCE (SIZE (1..maxNrofPUCCH-ResourcesPerSet)) OF PUCCH-ResourceId,
    maxPayloadSize                          INTEGER (4..256)                                                      OPTIONAL  -- Need R
}

The codewords in the NACK-only codebook are then enumerated and mapped in increasing order to the PUCCH-ResourceIDs in each PUCCH-ResourcePool.






Configuration of PUCCH for NACK-only

	Agreement:
For the separate PUCCH-ConfigurationList that is optionally configured to UE for NACK-only based HARQ-ACK feedback for multicast,
· The separate PUCCH-ConfigurationList for multicast configuration can be a list which includes up to 2 PUCCH-Config configurations corresponding low priority feedback and high priority feedback, respectively.
· FFS: how to handle the case when separate PUCCH-ConfigurationList is not configured to UE for NACK-only based HARQ-ACK feedback for multicast.




Since the PUCCH format/resources for NACK only is specific to this feedback type, a PUCCH configuration must be present to enable NACK only. In the absence of configured resources, the UE normally uses another configured resource for PUCCH  (e.g. the low prio codebook could use the same resource as the high prio codebook). However, since NACK only PUCCH is very different from HARQ ACK/NACK, we believe it is necessary to have a PUCCH configuration for NACK only. 

[bookmark: _Toc101798126]A UE configured with NACK only is always configured with a separate PUCCH configuration for NACK only if there is more than one NACK-only feedback bit. 
SR handling
During RAN1#107e, the discussion on what resource to transmit when SR and NACK only occur at the same time was started but did not converge.There is a preliminary proposal from FL as shown below.
	Proposal  
When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR for the same priority, support [Alt1] from the following alternatives:
· Alt1: up to two TBs of NACK-only feedback is transformed into ACK/NACK HARQ bits and is multiplexed with SR as legacy procedure as Rel-15/16.
· PUCCH resources configured for unicast will be used in concerned cases subject to legacy procedure as Rel-15/16. 
· For the case of more than two TBs of NACK-only, [FFS: SR] is dropped.
· Alt2: 
· for positive SR, NACK-only is transmitted on the PUCCH resource configured for SR; 
· If the PUCCH resource for SR cannot accommodate multiplexed UCI (e.g., in case of multiple NACK-only bits are multiplexed with SR), [FFS: SR] is dropped.
· for negative SR, NACK-only feedback is transmitted on the PUCCH resource configured for NACK-only.




In legacy, the following behaviour applies to HARQ-ACK dependings on the payload and PUCCH formats:
[image: ]

Since PUCCH resource for NACK-only is a shared PUCCH resource, we think it is not reasonable to let NACK-only and SR be multiplexed using PUCCH resource of HARQ feedback as in legacy procedure. Instead, SR resource should be used to multiplex SR and the NACK-only feedback which will be transformed into ACK/NACK feedback. For the case where NACK-only feedback is for up to 2 TBs, it is possible to multiplex HARQ feedback into the SR resources.
Therefore we propose the following: 

[bookmark: _Toc101798127]For the case when SR is PUCCH F1, NACK-only is PUCCH F1 or SR is PUCCH F1, NACK-only is PUCCH F0, for positive SR, and the NACK-only feedback consists to up to 2 bits, NACK-only is transformed into ACK/NACK feedback and transmitted on SR PUCCH resource.
[bookmark: _Toc101798128]For the case when SR is PUCCH F0, NACK-only is PUCCH F0, or SR is PUCCH F0, NACK-only is PUCCH F1, for positive SR, , and the NACK-only feedback consists to up to 2 bits, NACK-only is transformed into ACK/NACK feedback and transmitted on SR resource with an increased CS.
[bookmark: _Toc101798129]For negative SR, NACK-only is transmitted on NACK-only PUCCH resource regardless the PUCCH format of SR and NACK-only.

	 
	NACK-only scheduled with PUCCH F0
	NACK-only scheduled with PUCCH F1

	SR configured with PUCCH F0
	For positive SR, convert NACK-only into ACK/NACK and transmit HARQ-ACK on the SR PUCCH resource with an increased CS
For negative SR, transmit NACK-only on NACK PUCCH resource

	SR configured with PUCCH F1
	For positive SR, transmit HARQ-ACK on the SR PUCCH resource
For negative SR, transmit only HARQ-ACK on the HARQ-ACK PUCCH resource



For the case of SR colliding a PUCCH resource used to send HARQ feedback with larger payloads than 2 bits, legacy behaviour is to add SR bits to the HARQ feedback. However, for NACK only it is not possible to append HARQ feedback with SR as the feedback is not UE specific. Additionally, the option of reverting to sending ACK-NACK ( instead of NACK only) on dedicated (UE specific) PUCCH resources is not practical for the normal use case of NACK only which assumes large amount of UEs. Therefore, when NACK only PUCCH resources carrying more than 2 bits are to be sent and SR is in confict, we propose to delay the SR transmission to the next available SR opportunity. 

[bookmark: _Toc101798130]when NACK only PUCCH resources carry feedback of more than  2 bits conflict with positive SR, delay the SR transmission to the next available SR opportunity.

UL-DAI
During RAN1#108e, UL DAI for PUSCH carrying HARQ feedback was discussed for the following cases:
1. Type-1 codebook for both unicast and multicast. 
1. Type-2 codebook for both unicast and multicast
1. Unicast and unicast configured with diferent types of codebook. 

The case for type-1 codebook configured for both unicast and multicast was almost closed with the following agreement:

	Agreement
If Type-1 codebook is configured for both multicast and unicast, at least for single cell case for both unicast and multicast:
· If the UE is configured to construct the HARQ-ACK codebooks for unicast and multicast jointly, a single UL DAI bit applies for unicast and multicast
· Otherwise, 1 additional bit UL DAI is included for multicast in DCI format 0_1/0_2, in addition to the UL DAI for unicast. The 1-bit UL DAI for multicast is applied to all configured G-RNTIs.
· FFS: additional restrictions





We think no further restrictions are needed for this case and the discussion can be closed. 

For the case of type-2 codebook, 3 options were left open in the agreement:

	Agreement
If Type-2 codebook is configured for unicast and multicast, the following option2-2 (from the previous agreement) is adopted: 
· Option2-2: 2-bit UL DAI(s) are included in DCI for multicast, in addition to the 2-bit UL DAI for unicast. 
· The 2-bit UL DAI for multicast is applied for all configured G-RNTIs.
· FFS: how to count the total number of HARQ-ACK bits for all configured G-RNTIs. 
· Alt1-1: UL-DAI indicates the sum of DL-DAIs 
· Alt1-2: DL-DAIs have the same value. 
· Alt1-3: largest DL DAI value among the configured G-RNTIs.
· Other alternatives are not precluded




We think alt-1 is the only truly helpful solution among the 3. The purpose of UL DAI is to secure the size of the PUSCH payload so that in the even of wrongly sized harq feedback due to missied PDSCH, the UE can at least pad the embedded HARQ feedback and protect PUSCH integrity.  Alt1-2 put restriction to the scheduler,  and it is not very clear how to make use of the UL DAI in alt1-3. 
[bookmark: _Toc101798131]If Type-2 codebook is configured for unicast and multicast  the total number of HARQ-ACK bits is signalled with UL DAI indicating the sum of DL DAIs. 

For the case were unicast and multicast are of different types, the following was agreed:

	Agreement
When Type-1 codebook is configured for unicast and Type-2 codebook is configured for multicast, or when Type-2 codebook is configured for unicast and Type-1 codebook is configured for multicast, the UL-DAI for multicast is included in DCI format 0_1/0_2, in addition to the UL-DAI field for unicast.
· The UL-DAI for multicast is 1-bit for Type-1 codebook
· The 1-bit UL-DAI for multicast is applied to all configured G-RNTIs. 
· The UL-DAI for multicast is 2-bit for Type-2 codebook applied for all configured G-RNTIs. 
· FFS: how to count the total number of HARQ-ACK bits for all configured G-RNTIs. 
· Alt1-1: UL-DAI indicates the sum of DL-DAIs 
· Alt1-2: DL-DAIs have the same value. 
· Alt1-3: largest DL DAI value among the configured G-RNTIs.
· Other alternatives are not precluded
· FFS: details of the UL DAI field




 
We think the same behaviour used for the type2 codebook-only case for both unicast and multicast can be applied for the UL DAI of multicast configured with type-2 when unicast is configured with type-1 codebook:
[bookmark: _Toc101798132]If Type-2 codebook is configured for multicast and type-1 codebook is configured for unicast the total number of multicast HARQ-ACK bits is signalled with the multicast UL DAI indicating the sum of multicast DL DAIs. 

Enable/disable HARQ  


DCI indication of enable/disabled HARQ

[bookmark: OLE_LINK19]Agreement
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;
· For other cases, FFS between the 3 alternatives below:
· Alt1: 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.
· Alt2: if at least one configured G-RNTI is with HARQ-ACK enabled, UE reports actual HARQ-ACK result for all G-RNTIs.
· Alt3: UE is not expected to be configured with some G-RNTI with HARQ-ACK disabled by RRC signalling and some other G-RNTI with HARQ-ACK enabled by RRC signalling for all configured G-RNTI
· Other alternatives are not precluded
Since the UE needs to send HARQ feedback if at least one TB position is received with an enabled G-RNTI, and with Type I codebook the full codebook is anyway sent, it does not make sense to send NACK for disabled G-RNTIs that are correctly received.

Instead, when (for Type I CB) the UE sends HARQ-ACK feedback it shall always send the correct feedback for all received PDCCHs. For missed PDCCHs of configured G-RNTIs and for non-received PDCCHs that correspond to other (non-monitored) G-RNTIs the UE behavior will need to depend on whether the HARQ-ACK feedback is ACK/NACK or NACK-only. 

In case of ACK/NACK, the UE should send NACK in all non-received positions. When such a position corresponds to a configured G-RNTI the UE will then “correctly” send NACK on this and when such a position refers to another G-RNTI the feedback does not matter, since the Gnb is aware of which G-RNTIs the UE is monitoring. This means that the UE shall always send NACK for such non-received positions (if sending HARQ-ACK at all). This behavior is independent of whether there is a single G-RNTI or multiple G-RNTIs in the codebook.

In case of NACK-only, we have to distinguish between single G-RNTI and multiple G-RNTIs: 

For single G-RNTI, the UE should send NACK on all non-received positions of the codebook since these either correspond to a missed PDCCH of the configured G-RNTI or to no transmission for this position. In both cases NACK is best and without problems.

For multiple G-RNTIs, since a non-received position may either correspond to a missed PDCCH of a configured G-RNTI, in which case the UE should transmit NACK, or to a non-monitored G-RNTI, in which case the UE should send ACK, there is a choice to be made between sending NACK or ACK for non-received PDCCHs in this case. We suggest that this should be configurable. If not configurable, we think the UE should send ACK on these, not to unnecessarily trigger retransmissions of non-monitored G-RNTIs. This corresponds to the case with NACK-only of a single TB where the UE misses the PDCCH. This results then in no feedback, i.e. “ACK”.
This is not perfect but acceptable.

[bookmark: _Toc101798133]Support Alt2.

HARQ-disabled SPS and HARQ-enabled dynamic multicast
Agreement
If a UE supports ACK/NACK based feedback for dynamic multicast scheduling and for multicast SPS, and if the UE is configured with ACK/NACK based feedback for multicast dynamic scheduling and is configured with disabled HARQ feedback for multicast SPS scheduling, for Type-1 codebook generation, 
· FFS between the 4 alternatives below:
· Alt1: UE will report NACK for the G-CS-RNTI with HARQ-ACK disabled regardless of decoding results of corresponding PDSCH.
· Alt2: UE will report ACK/NACK for the G-CS-RNTI with HARQ-ACK disabled regardless of decoding results of corresponding PDSCH.
· Alt3: UE is not expected to be configured with G-RNTI with HARQ-ACK enabled by RRC signalling and G-CS-RNTI with HARQ-ACK enabled by RRC signalling. 
· Alt4: UE does not report any HARQ-ACK information for G-CS-RNTI with HARQ-ACK feedback disabled by RRC.
· Other alternatives are not precluded. 

[bookmark: _Toc86822280][bookmark: _Toc86822287][bookmark: _Toc101798134]We propose the same handling as for multiple G-RNTIs in dynamic scheduling, i.e. support Alt2, with a slight clarification: UE will report ACK/NACK for the G-CS-RNTI with HARQ-ACK disabled depending on the decoding results of corresponding PDSCH.



[bookmark: _Toc54389118][bookmark: _Toc54389135]Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	If unicast or multicast feedback for other G-RNTI with ACK/NACK is also available, then we propose to concatenate the codebooks and apply rules for determining PUCCH resource in the same way as for ACK/NACK.
Proposal 2	RRC configuration between Alt1 and Alt4 is per CFR.
Proposal 3	This discussion should be moved to the overall UE capability discussion.
Proposal 4	For NACK-only transmission of HARQ feedback for group scheduling, a dedicated NACK-only CB type is supported, which is different from both semistatic and dynamic ACK/NACK codebooks
Proposal 5	The NACK-only codebook is constructed independently from the codebook that includes feedback for PDSCH scheduled by C-RNTI. or G-RNTI with ACK/NACK feedback.
Proposal 6	A NACK-only CB codebook can be configured for single G-RNTI or for multiple G-RNTIs.
Proposal 7	For single G-RNTI configuration of NACK-only CB, the DCI includes the 2-bit cDAI field, which is incremented for each TB of the G-RNTI within the CB.
Proposal 8	As default, the UE is required to set the feedback information to ACK for TB positions in the NACK-only CB that have not been received after the latest received PDCCH. As an alternative to the default, NACK feedback in such cases can be configured by RRC.
Proposal 9	For multiple G-RNTI configuration of NACK-only CB, the DCI includes a 2-bit cDAI* field, which is counted across all G-RNTI TBs of the NACK-only CB. The DCI may in addition be configured with the cDAI field.
Proposal 10	For the mixed case of Type II CB for ACK/NACK together with NACK-only feedback, the cDAI field (counted per G-RNTI) is complemented with an additional cDAI* field (counted across all G-RNTIs of the NACK-only CB)
Proposal 11	For the mixed single G-RNTI case of Type I CB for ACK/NACK together with NACK-only feedback, the cDAI field (counted per G-RNTI) is supported in the DCI for NACK-only UEs but ignored by ACK/NACK UEs
Proposal 12	For the mixed multiple G-NTI case of Type I CB for ACK/NACK together with NACK-only feedback, the cDAI* field (counted across all G-RNTIs of the NACK-only CB) is supported in the DCI for NACK-only UEs but ignored by ACK/NACK UEs. The cDAI field may in addition be supported.
Proposal 13	The NACK-only codebook for a G-RNTI is constructed independently from codebooks constructed for other G-RNTIs that the UE may also receive and from the codebook that includes feedback for PDSCH scheduled by C-RNTI.
Proposal 14	PUCCH configuration for NACK-only contains a single PUCCH resource set.
Proposal 15	The PRI in the DCI is interpreted by UEs in NACK-only mode to select one of the PUCCH resource pools configurations for NACK-only.
Proposal 16	A UE configured with NACK only is always configured with a separate PUCCH configuration for NACK only if there is more than one NACK-only feedback bit.
Proposal 17	For the case when SR is PUCCH F1, NACK-only is PUCCH F1 or SR is PUCCH F1, NACK-only is PUCCH F0, for positive SR, and the NACK-only feedback consists to up to 2 bits, NACK-only is transformed into ACK/NACK feedback and transmitted on SR PUCCH resource.
Proposal 18	For the case when SR is PUCCH F0, NACK-only is PUCCH F0, or SR is PUCCH F0, NACK-only is PUCCH F1, for positive SR, , and the NACK-only feedback consists to up to 2 bits, NACK-only is transformed into ACK/NACK feedback and transmitted on SR resource with an increased CS.
Proposal 19	For negative SR, NACK-only is transmitted on NACK-only PUCCH resource regardless the PUCCH format of SR and NACK-only.
Proposal 20	when NACK only PUCCH resources carry feedback of more than  2 bits conflict with positive SR, delay the SR transmission to the next available SR opportunity.
Proposal 21	If Type-2 codebook is configured for unicast and multicast  the total number of HARQ-ACK bits is signalled with UL DAI indicating the sum of DL DAIs.
Proposal 22	If Type-2 codebook is configured for multicast and type-1 codebook is configured for unicast the total number of multicast HARQ-ACK bits is signalled with the multicast UL DAI indicating the sum of multicast DL DAIs.
Proposal 23	Support Alt2.
Proposal 24	We propose the same handling as for multiple G-RNTIs in dynamic scheduling, i.e. support Alt2, with a slight clarification: UE will report ACK/NACK for the G-CS-RNTI with HARQ-ACK disabled depending on the decoding results of corresponding PDSCH.
[bookmark: _In-sequence_SDU_delivery]
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