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Introduction
In this contribution, we provide our view on the remaining issues for NR MBS, based on the last feature lead summaries at the end of the RAN1#109e meeting. 

[bookmark: _Ref178064866]Discussion
[bookmark: _Ref79166630][bookmark: OLE_LINK1][bookmark: OLE_LINK2]NACK only based HARQ feedback
The following was agreed during RAN1#109e
	
·  


RAN1#109:

Agreement
For UE configured with NACK-only HARQ-ACK feedback, for Alt4 (from previous agreement), define the mapping between HARQ-ACK values and the PUCCH resources for the TBs configured with NACK-only as follows:
· The mapping is applied to both a single G-RNTI
· FFS: multiple configured G-RNTIs cases.
· FFS: how to order the TBs, whether/how to account for missed or non-scheduled TBs
· FFS whether/how PRI is used for indication. 

	HARQ-ACK Value
	PUCCH resource

	{0}
	{0,0}
	{0,0,0}
	{0,0,0,0}
	1st PUCCH resource provided by pucch-ResourceId obtained from the 1st value of resourceList

	
	{1,0}
	{1,0,0}
	{1,0,0,0}
	2nd PUCCH resource provided by pucch-ResourceId obtained from the 2nd value of resourceList

	
	{0,1}
	{0,1,0}
	{0,1,0,0}
	3rd PUCCH resource provided by pucch-ResourceId obtained from the 3rd value of resourceList

	
	
	{1,1,0}
	{1,1,0,0}
	4th PUCCH resource provided by pucch-ResourceId obtained from the 4th value of resourceList

	
	
	{0,0,1}
	{0,0,1,0}
	5th PUCCH resource provided by pucch-ResourceId obtained from the 5th value of resourceList

	
	
	{1,0,1}
	{1,0,1,0}
	6th PUCCH resource provided by pucch-ResourceId obtained from the 6th value of resourceList

	
	
	{0,1,1}
	{0,1,1,0}
	7th PUCCH resource provided by pucch-ResourceId obtained from the 7th value of resourceList

	
	
	
	{1,1,1,0}
	8th PUCCH resource provided by pucch-ResourceId obtained from the 8th value of resourceList

	
	
	
	{0,0,0,1}
	9th PUCCH resource provided by pucch-ResourceId obtained from the 9th value of resourceList

	
	
	
	{1,0,0,1}
	10th PUCCH resource provided by pucch-ResourceId obtained from the 10th value of resourceList

	
	
	
	{0,1,0,1}
	11th PUCCH resource provided by pucch-ResourceId obtained from the 11th value of resourceList

	
	
	
	{1,1,0,1}
	12th PUCCH resource provided by pucch-ResourceId obtained from the 12th value of resourceList

	
	
	
	{0,0,1,1}
	13th PUCCH resource provided by pucch-ResourceId obtained from the 13th value of resourceList

	
	
	
	{1,0,1,1}
	14th PUCCH resource provided by pucch-ResourceId obtained from the 14th value of resourceList

	
	
	
	{0,1,1,1}
	15th PUCCH resource provided by pucch-ResourceId obtained from the 15th value of resourceList



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

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





Remaining issues for NACK only configurations with alt1 and alt4

the following was agreed during RAN1#108e regarding support of more that one NACK only feedback: 

	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



 

Regarding the remaining FFS on which PUCCH to use to transmit HARQ feedback in Alt1, Alt1 requires a PUCCH resource to be available for transmission of the ACK/NACK feedback. In order not to book a resource exclusively to handle the case of alt1, we propose to instead condition the use of alt1 to the presence of a pucch resource in unicast that can be re-used.   

[bookmark: _Toc111236459]re-use the unicast  PUCCH resource configuration used to send the HARQ feedback for alt1, i.e. UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits.
1. [bookmark: _Toc111236460]If no unicast PUCCH is configured, alt1 is not supported. 

Regarding the FFS on 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 the behaviour of the UE to create a common codebook for transmission in an UL slot need to be specified. Additionally, it is unlikely that the support for multi-bits NACK-only for a given UE would change between G-RNTI. 

[bookmark: _Toc111236461]RRC configuration between Alt1 and Alt4 is per CFR.

On the FFS: UE capability:

[bookmark: _Toc111236462]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., following from the configured number of PUCCH resources. 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 (when a set of 15 PUCCH resources are configured for the CB), 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: _Toc111236463]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 

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. 


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. Since also ACK/NACK vs NACK-only is set independently per UE, this also means that there can be “mixed cases”, with some UEs receiving a G-RNTI with ACK/NACK HARQ feedback and other UEs with NACK-only feedback. For mixed cases with ACK/NACK configured with Type I CB the DCI therefore needs to carry cDAI, unlike legacy unicast NR.

[bookmark: _Toc111236464] Mixed ACK/NACK and NACK-only cases are supported, with some UEs using ACK/NACK CB and other UEs using NACK-only but receiving the same PDCCH/PDSCH.


NACK only codebook for single or multiple G-RNTI

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.
 

The NACK-only CB may be configured for single G-RNTI (Case 1) or for multiple G-RNTIs (Case 2 and Case 3). 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.


[bookmark: _Toc111236465]A NACK-only CB codebook can be configured for single G-RNTI or for multiple G-RNTIs.   

For the multiple G-RNTI Case 2, the same solution as for single G-RNTI can be used, which allows for the same mixed cases to be used, as with single G-RNTI, without DCI impact. 
 

This Case 2 solution has however a sensitivity in that a UE needs to receive all PDCCHs of the CB to be able to provide correct HARQ feedback. If the scheduled transmission to the UE is G-RNTI1/TB1, G-RNTI1/TB2, G-RNTI2/TB1, G-RNTI2/TB2 and the UE misses G-RNTI1/TB2, and receives everything else correctly, it will wrongly believe that “all is ACK” so will not transmit any feedback, despite one lost PDCCH, which will result in lost data.

To avoid this issue, , the legacy cDAI can instead be reused, with a small change – the 2-bit 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 2-bit cDAI* value. 
This means that unlike cDAI, cDAI* is robust against missed PDCCHs, so cDAI* is superior to cDAI for Case 2. To improve performance cDAI* may be used instead of cDAI, e.g. if there is no need to support ACK/NACK with Type II CB. 

To summarize Case 2: Case 2 can be supported by a 2-bit cDAI* instead of cDAI, if there is no need to support ACK/NACK with Type II CB. Case 2 can alternatively be supported by a combination of cDAI and cDAI*, if there is a need to support ACK/NACK with Type II CB. If cDAI* ends up as a UE capability, Case 2 can also be supported by cDAI alone, with reduced performance.

[bookmark: _Toc111236466]Proposal: For Case 2, support two variants: Option2-1-2 alone (cDAI*) as well as Option2-1-1 (cDAI) and Option2-1-2 (cDAI*) together, according to RRC configuration. If cDAI* becomes a UE capability, Case 2 is also supported by cDAI alone.

Since, with Case 2, all UEs are configured with the same set of G-RNTIs, Case 2 behaves similarly to Case 1 and the agreed mapping table can be directly reused also for Case 2, irrespective of the use of cDAI and/or cDAI*.

About the agreed table, we wish to point out that the agreement does not explicitly say what to do when the UE receives 1, 2, 3 or 4 correct TBs. For the case of 4 correct TBs there is no doubt perfect consensus that the UE does not transmit anything, since this is “all ACK”. But we think it should be clarified what happens in a situation where the UE is scheduled with four TBs, and receives e.g. the first TB correctly but does not receive the PDCCH of any following TB. Objectively, this is far from “all ACK” and this (and "adjacent” situations) are not covered by the table. One might argue that only combinations that are indicated in the table can trigger the UE to transmit a PUCCH resource and that all other cases must result in no transmission. We agree with this but think that this should be clarified. The simplest way to clarify this, we think, is to add one row in the table with four column entries: {1}, {1,1}, {1,1,1}, {1,1,1,1} mapped to “no PUCCH resource”. With this addition, all logically possible inputs would be covered.

[bookmark: _Toc111236467]Proposal: In the agreed mapping table, add one new row with four column entries: {1}, {1,1}, {1,1,1}, {1,1,1,1}, all mapped to the same “no PUCCH”.



We think the use case for Case 2 is a bit artificial and therefore in practice rather limited but should nevertheless be supported. With multiple G-RNTIs it is however much more likely that UEs will be configured with somewhat different sets of G-RNTIs, which leads us to Case 3, which we think we has a much higher relevance.

Case 3 has the same need as Case 2 to identify the gaps resulting from missed PDCCHs, which can again be achieved by cDAI*. Unlike Case 2, it not even possible to support Case 3 with cDAI alone, even if the UE receives all its configured G-RNTI PDCCH. This is because CB gaps could be due to either the same or other G-RNTIs, and there is no way the UE can know which is which. The position in the CB of a received TB is therefore generally unknown with the use of cDAI only – there is an unavoidable need for a “global” counter, which is what cDAI* is 

As a possible enhancement, for Case 3 the UE may additionally be configured with the legacy cDAI field, which allows the UE to detect any missed PDCCHs before a received PDCCH of a given G-RNTI. In this way, cDAI* would indicate the position in the CB of any received PDCCH, irrespective of G-RNTI and irrespective of other missed PDCCHs, and the cDAI would indicate whether a missed TB position is for a configured G-RNTI (implying NACK) or a non-configured G-RNTI (implying ACK). In addition, like Case 2, the additional cDAI would allow for mixed cases with ACK/NACK Type II CB.

To summarize for Case 3: Case 3 can be supported by cDAI* alone but not by cDAI alone. To improve NACK-only performance and/or to support ACK/NACK Type II CB, cDAI may in addition be used.

[bookmark: _Toc111236468] For Case 3, support two variants: Opt3-1-2 alone (cDAI*) as well as Option3-1-1 (cDAI) and Option3-1-2 (cDAI*) together, according to RRC configuration. Option 3-1-1 alone (cDAI) is not supported (non-working)


Regarding mapping table for Case 3, this cannot reasonably reuse the agreed mapping table for Case 1 (and potentially Case 2), since it will often happen that a missed PDCCH, after the last received PDCCH, is of a non-configured G-RNTI, so the UE should not send NACK on these, If e.g. only the first TB PDCCH is received and UE needs to report NACK on this, with the agreed table the transmitted codeword implies “NACK to all TBs”, whether they exist or not. This works for Case 1 and 2, since all TBs that are transmitted are scheduled to the UE (single G-RNTI or same set of G-RNTIs to all UEs implies this), but for Case 3 transmitting “NACK to all TBs” in the same way would mean that the UE is sending NACK also for TBs that are not scheduled to it, which may have been correctly received by all UEs for which these TBs were scheduled. In this way such UEs will create retransmissions when there is no need for any, which is unacceptably wasteful.
Instead, another table is needed. In the table below we propose a table which should be optimum for Case 3. The essential difference with the agreed table is that all unreceived TB positions, after the last received one, are reported as ACK instead of NACK. This is a necessary change to properly support Case 3.
We do not foresee any significant complexity by having another table for Case 3, since the implication of the table is just a simple mapping.



[image: ]


	Mapping table for Case 3

With this table, a UE that only receives the first TB in error, and misses any following PDCCHs, will report PUCCH#1, meaning “ACK” for all following TBs. Of course, some of the following TBs may have been scheduled to this UE, but there is no way the UE could know that. To avoid triggering unnecessary retransmissions, it is better to send ACK in such cases, according to the table. It is important to note that such unnecessary retransmissions (avoided with the new table) would also occur when the UE receives all of its configured G-RNTIs correctly, i.e. would “always” occur for Case 3, since non-scheduled G-RNTI TBs will be equivalent to missed ones.

[bookmark: _Toc111236469]For Case 3, the mapping table in the figure above should be used instead of the agreed table for Case 1.

 



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: _Toc111236470]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: _Toc111236471]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.
 
For NACK-only, so far only single G-RNTI has been agreed, although mature solutions for multiple G-RNTIs exist and have been intensively discussed. 
Given the existing specification status of Rel-18 it has been argued that also adding support for multiple G-RNTI NACK-only would be too late, especially with respect to RRC signaling impact. 
We agree that it might be too late for the first Rel-18 version, but could easily be part of an incremented version, with no significant impact on implementation schedule. How to formally handle this is up to RAN2 but should not stop RAN1 from reaching technically good solutions.
We therefore suggest that RAN1 concludes discussions and agrees on a solution for multiple G-RNTI support for NACK-only at RAN1#110, including Case 1, Case 2 and Case 3 and that this solution may have minor RRC signaling impact.
 Considerations for dl-DataToUL-ACK

Regarding dl-DataToUL-ACK, we have the following:

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

   
This agreement is for ACK/NACK and we propose the same agreement holds also for NACK-only:

[bookmark: _Toc111236472]For a UE that supports multicast, when PUCCH-Config for NACK-only based feedback for multicast is configured separately from unicast, the PUCCH-Config is applied to all G-RNTIs with NACK-only based feedback with the same priority on a given serving cell. 
Note: The dl-DataToUL-ACK is included in PUCCH-Config

[bookmark: _Toc86822258][bookmark: _Toc86822259][bookmark: _Ref86814490]Further details on NACK only resources for multiple bit feedback
Supporting at least 2 different PRIs would enable to switch between the 15 PUCCH resources required for a 4-TB codebook dynamically, out of the up to 32 resources that can be in the list. By this e.g. 2 out of a larger number of different NACK-only CBs can be scheduled dynamically on the same set of 32 PUCCH resources. Of course also ACK/NACK feedback can be scheduled dynamically via PRI on a resource shared with NACK-only this way.



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: _Toc111236473]PUCCH configuration for NACK-only contains a single PUCCH resource set. 

According to the agreements, 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.


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: _Toc111236474]For Alt 4, 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.


For Alt-1 is has also not yet been discussed whether PRI should be supported. We proposed to support PRI, in order to provide the same flexibility for Alt-1 as for ACK-NACK feedback.

[bookmark: _Toc111236475]For Alt 1, the PRI in the DCI is interpreted by UEs in NACK-only mode to select one of the PUCCH resources out of the PUCCH resource set configurated for NACK-only.



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: _Toc111236476]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. 

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: _Toc111236477]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: _Toc111236478]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. 

SPS collisions  
The following proposal remained opened after RAN1#109e:

	Initial Proposal 1-2-v4: 
For unicast SPS PDSCH and multicast SPS PDSCH collision handling,
· If a UE only supports TDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, and more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, the UE resolves collisions among unicast SPS PDSCHs and multicast SPS PDSCHs by reusing Rel-16 rules.
· If a UE only supports FDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, and more than one unicast PDSCH and multicast PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, 
· the UE resolves collisions among unicast SPS PDSCHs resulting in one unicast SPS PDSCH and collisions among multicast SPS PDSCHs resulting in one multicast SPS PDSCH as in Rel-16, respectively. If the resulting unicast SPS PDSCH and multicast SPS PDSCH overlap in time but not overlap in frequency, the UE receives both PDSCHs; else, the UE receives the one with lower configured sps-ConfigIndex.
· If a UE supports both FDM and TDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, and more than one unicast PDSCH and multicast PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, 
· FFS 




The following was also captured to define what is supported by FDM:

	Conclusion
For FDM between one unicast PDSCH and one group-common PDSCH in a slot, only case 1 in the following cases is supported.
· Case 1: the unicast PDSCH and the group-common PDSCH in a slot are partially or fully overlapping in time domain and non-overlapping in frequency domain
· Case 2: the unicast PDSCH and the group-common PDSCH in a slot are non-overlapping in time domain and non-overlapping in frequency domain 
· Case 3: the unicast PDSCH and the group-common PDSCH in a slot are non-overlapping in time domain and overlapping in frequency domain




Based on the conclusion, we think that the first two bullets in initial proposal 1-2-v4 can be reused as is.  For the case where both FDM and TDM are supported, we interpret the capability as the UE being able to receive either 2 FDM unicast and multicast PDSCH, or 2 TDM unicast and multicast PDSCH. we think the collision handling should result in the selection of the SPS configuration with the lowest configuration index for each of unicast and multicast that do not overlap in both time and frequency. 

[bookmark: _Toc111236479]For unicast SPS PDSCH and multicast SPS PDSCH collision handling,
· [bookmark: _Toc111236480]If a UE only supports TDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, and more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, the UE resolves collisions among unicast SPS PDSCHs and multicast SPS PDSCHs by reusing Rel-16 rules.
· [bookmark: _Toc111236481]If a UE only supports FDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, and more than one unicast PDSCH and multicast PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, 
i. [bookmark: _Toc111236482]the UE resolves collisions among unicast SPS PDSCHs resulting in one unicast SPS PDSCH and collisions among multicast SPS PDSCHs resulting in one multicast SPS PDSCH as in Rel-16, respectively. If the resulting unicast SPS PDSCH and multicast SPS PDSCH overlap in time but not overlap in frequency, the UE receives both PDSCHs; else, the UE receives the one with lower configured sps-ConfigIndex.
· [bookmark: _Toc111236483]If a UE supports both FDM and TDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, and more than one unicast PDSCH and multicast PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, 
i. [bookmark: _Toc111236484]The UE resolves collisions by receiving the unicast SPS configuration and multicast SPS configuration with the lowest configuration index that do not overlap in both time and frequency. 

SPS activation / re-activation  
The issue was discussed during RAN1#109e but did not converge. The latest proposal was as follow:
	Proposal 2.6.3
If UE has received a first DCI activating a SPS PDSCH configuration, when the UE receives a second DCI re-activating the same SPS PDSCH configuration, the UE generates HARQ-ACK feedback only following the procedure according to the second DCI re-activating the SPS PDSCH configuration. 
· Note: it is the same procedure as legacy. 




In our view, the proposal is the only way to handle reactivation and keep the network and UE aligned as to how to handle the HARQ feedback for the activation. If the UE is expected not to respond to reactivation after a successful initial activation, there is a possible confusion if the network did not detect the initial activation’s HARQ response from the UE and expect a response. Therefore, we prefer to follow the legacy procedure and have the UE reply to reactivation even if the first activation was successful. 

[bookmark: _Toc111236485]Agree to Proposal 2.6.3: 
· [bookmark: _Toc111236486]If UE has received a first DCI activating a SPS PDSCH configuration, when the UE receives a second DCI re-activating the same SPS PDSCH configuration, the UE generates HARQ-ACK feedback only following the procedure according to the second DCI re-activating the SPS PDSCH configuration. 
· [bookmark: _Toc111236487]Note: it is the same procedure as legacy. 

Enable/disable HARQ  
value of the DCI indication of enable/disable HARQ  
the specification currently supports that all PDCCH scheduling PDSCH with HARQ feedback in the same UL slot may have a different HARQ enable/disable bit value in DCI. This create ambiguity for the payload size of the type-2 HARQ codebook, since the DAI counter is increased for each PDSCH scheduled, but feedback maybe disabled. In that case, a missed PDCCH may create a misalignment between the network and the UE and in turn, unnecessary retransmission.  In order to ensure a common view on the codebook size between the UE and the network, we propose to make the enable / disable HARQ bit in DCI have the same value for all PDCCH scheduling PDSCH with UL feedback in the same slot. 

[bookmark: _Toc111236488]The UE does not expect to receive DCIs with different HARQ enable/disable bits and scheduling PDSCH with UL feedback in the same UL slot. 

UE behaviour for type-1 HARQ feedback with no group scheduling assignments with HARQ feedback detected  

The following agreement was made in RAN1#109e:
	Agreement
For Type-1 codebook generation, if at least one configured G-RNTI is with HARQ-ACK enabled by RRC, it is up to UE to report NACK or ACK/NACK for the G-RNTI with HARQ-ACK disabled
· FFS whether UE needs to generate Type-1 CB, when UE does not detect any DCI for G-RNTI(s) with HARQ-ACK enabled when at least one configured G-RNTI is with HARQ-ACK enabled by RRC.
· For the PUCCH resource for the codebook transmission,
· Opt2: PUCCH resource/slot is based on last DCI for a G-RNTI with HARQ-ACK enabled 





The remaining issue concerns whether the UE should generate a type-1 CB when the UE does not detect any DCI. We note first that if no DCI is detected scheduling PDSCH in a slot n, or if no SPS PDSCH is detected in a slot n, the UE should not transmit a PUCCH:

	38.213, clause 9.2.3: 

For a SPS PDSCH reception ending in DL slot 𝑛𝐷, the UE transmits the PUCCH in UL slot 𝑛+𝑘 _where 𝑘 _is provided by the PDSCH-to-HARQ_feedback timing indicator field, if present, in a DCI format activating the SPS PDSCH reception. 

If the UE detects a DCI format that does not include a PDSCH-to-HARQ_feedback timing indicator field and schedules a PDSCH reception or activates a SPS PDSCH reception ending in DL slot 𝑛𝐷, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot 𝑛+𝑘 where 𝑘 is provided by dl-DataToUL-ACK, or dl-DataToUL-ACK-r16, or dl-DataToUL-ACK-DCI-1-2, or dl-DataToUL-ACK-r17, or dl-DataToUL-ACK-MulticastDciFormat4_1. 

If the UE detects a DCI format scheduling a number of PDSCH receptions ending in DL slot 𝑛𝐷 _or if the UE detects a DCI format generating a HARQ-ACK information bit and does not schedule a PDSCH reception through a PDCCH reception ending in DL slot 𝑛𝐷, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot 𝑛+_𝑘, where 𝑘 _is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, if present, or provided by dl-DataToUL-ACK, dl-DataToUL-ACK-r16, or dl-DataToUL-ACK-DCI-1-2, or dl-DataToUL-ACK-r17, or dl-DataToUL-ACK-MulticastDciFormat4_1.




   

Therefore, we propose that the UE does not generate a type-1HARQ codebook when no DCI is detected and PUCCH is used to transmit HARQ feedback. If PUSCH carries the HARQ feedback, the UE should generate the HARQ codebook in accordance with the UL DAI if present.  The text in the specification already supports this, and thus a conclusion should be sufficient. 

[bookmark: _Toc111236489](for conclusion)
· [bookmark: _Toc111236490]The UE does not generate a type-1 HARQ codebook for transmission on PUCCH when the UE does not detect any DCI for G-RNTI(s) with HARQ-ACK enabled and when at least one configured G-RNTI is with HARQ-ACK enabled by RRC. 
· [bookmark: _Toc111236491]The UE generates a type-1 HARQ codebook for transmission on PUSCH according to the received UL DAI when the UE does not detect any DCI for G-RNTI(s) with HARQ-ACK enabled and when at least one configured G-RNTI is with HARQ-ACK enabled by RRC. 



[bookmark: OLE_LINK19]
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. 

Given that an agreement was reached for the case of dynamic grant multicast with at least one GRNTI with HARQ enabled, we propose to follow the same reasoning for the case of SPS and leave it up to the UE to report either NACK or ACK/NACK.  
 

[bookmark: _Toc86822280][bookmark: _Toc86822287][bookmark: _Toc111236492]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, it is up to UE to report NACK or ACK/NACK for the SPS configuration with HARQ-ACK disabled 


[bookmark: _Toc54389118][bookmark: _Toc54389135]Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	re-use the unicast  PUCCH resource configuration used to send the HARQ feedback for alt1, i.e. UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits.
i.	If no unicast PUCCH is configured, alt1 is not supported.
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	Mixed ACK/NACK and NACK-only cases are supported, with some UEs using ACK/NACK CB and other UEs using NACK-only but receiving the same PDCCH/PDSCH.
Proposal 6	A NACK-only CB codebook can be configured for single G-RNTI or for multiple G-RNTIs.
Proposal 7	Proposal: For Case 2, support two variants: Option2-1-2 alone (cDAI*) as well as Option2-1-1 (cDAI) and Option2-1-2 (cDAI*) together, according to RRC configuration. If cDAI* becomes a UE capability, Case 2 is also supported by cDAI alone.
Proposal 8	Proposal: In the agreed mapping table, add one new row with four column entries: {1}, {1,1}, {1,1,1}, {1,1,1,1}, all mapped to the same “no PUCCH”.
Proposal 9	For Case 3, support two variants: Opt3-1-2 alone (cDAI*) as well as Option3-1-1 (cDAI) and Option3-1-2 (cDAI*) together, according to RRC configuration. Option 3-1-1 alone (cDAI) is not supported (non-working)
Proposal 10	For Case 3, the mapping table in the figure above should be used instead of the agreed table for Case 1.
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	For a UE that supports multicast, when PUCCH-Config for NACK-only based feedback for multicast is configured separately from unicast, the PUCCH-Config is applied to all G-RNTIs with NACK-only based feedback with the same priority on a given serving cell.  Note: The dl-DataToUL-ACK is included in PUCCH-Config
Proposal 14	PUCCH configuration for NACK-only contains a single PUCCH resource set.
Proposal 15	For Alt 4, 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	For Alt 1, the PRI in the DCI is interpreted by UEs in NACK-only mode to select one of the PUCCH resources out of the PUCCH resource set configurated for NACK-only.
Proposal 17	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 18	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 19	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 20	For unicast SPS PDSCH and multicast SPS PDSCH collision handling,
-	If a UE only supports TDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, and more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, the UE resolves collisions among unicast SPS PDSCHs and multicast SPS PDSCHs by reusing Rel-16 rules.
-	If a UE only supports FDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, and more than one unicast PDSCH and multicast PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot,
i.	the UE resolves collisions among unicast SPS PDSCHs resulting in one unicast SPS PDSCH and collisions among multicast SPS PDSCHs resulting in one multicast SPS PDSCH as in Rel-16, respectively. If the resulting unicast SPS PDSCH and multicast SPS PDSCH overlap in time but not overlap in frequency, the UE receives both PDSCHs; else, the UE receives the one with lower configured sps-ConfigIndex.
-	If a UE supports both FDM and TDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, and more than one unicast PDSCH and multicast PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot,
i.	The UE resolves collisions by receiving the unicast SPS configuration and multicast SPS configuration with the lowest configuration index that do not overlap in both time and frequency.
Proposal 21	Agree to Proposal 2.6.3:
-	If UE has received a first DCI activating a SPS PDSCH configuration, when the UE receives a second DCI re-activating the same SPS PDSCH configuration, the UE generates HARQ-ACK feedback only following the procedure according to the second DCI re-activating the SPS PDSCH configuration.
-	Note: it is the same procedure as legacy.
Proposal 22	The UE does not expect to receive DCIs with different HARQ enable/disable bits and scheduling PDSCH with UL feedback in the same UL slot.
Proposal 23	(for conclusion)
-	The UE does not generate a type-1 HARQ codebook for transmission on PUCCH when the UE does not detect any DCI for G-RNTI(s) with HARQ-ACK enabled and when at least one configured G-RNTI is with HARQ-ACK enabled by RRC.
-	The UE generates a type-1 HARQ codebook for transmission on PUSCH according to the received UL DAI when the UE does not detect any DCI for G-RNTI(s) with HARQ-ACK enabled and when at least one configured G-RNTI is with HARQ-ACK enabled by RRC.
Proposal 24	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, it is up to UE to report NACK or ACK/NACK for the SPS configuration with HARQ-ACK disabled
[bookmark: _In-sequence_SDU_delivery]
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