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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. 



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. When we say NACK-only "codebook" we just mean that 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.
A NACK-only codebook needs to be built separately from unicast HARQ codebook. We assume it is not possible that the NACK-only codebook includes feedback bit 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. This is possible for both semistatic and dynamic codebooks, if a NACK-only codebook is specific for PDSCHs received by one G-RNTI. The codebooks may be called NACK-only Type-I and NACK-only Type-II, respectively.

[bookmark: _Toc92838239]For NACK-only transmission of HARQ feedback for group scheduling, both semistatic and dynamic codebooks are supported 
[bookmark: _Toc92838240]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.

When Type-I codebook is used together with NACK-only, and the number of scheduled TBs match the codebook size, there are no expected issues with using Type-I codebook and NACK-only together. All UEs with at least one TB in error would then transmit NACK-only feedback, indicating this, and UEs receiving all TBs correctly would remain silent, as expected for NACK-only. In some use cases, the number of scheduled TBs may be predictable in such a way that this number will match the codebook size. There are however also other use cases where the number of TBs to be scheduled is more unpredictable. 

[bookmark: OLE_LINK7][bookmark: OLE_LINK8]We believe that for such use cases Type-I codebook is less suitable for NACK-only, since it can happen that a relatively large number of TBs that could be scheduled according to the dl-DataToUL-ACK pointing to the same uplink slot are actually not scheduled, and then all UEs would need to transmit NACK also for each of those non-transmitted TBs. Such superfluous NACK-only feedback would generate unnecessary UL overhead, UE power consumption and interference. This is contrary to our goal where only a small fraction of the UEs in NACK-only mode should be in need to actually transmit a NACK for a TB. 

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.   
Down-selection of Alt1 and Alt4 for NACK-only HARQ feedback
When more than one NACK-only based feedback are available for transmission in the same PUCCH slotthe following way forward was agreed in RAN1#106e:

	Agreement:
When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, down-select from the following alternatives:
· Alt1: Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits. 
· Alt4: Define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission. 
· 




In RAN1#107e the discussion progressed to the following proposal 

	Proposal 3.2.5: Continue discussing the following 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. 





We would like to first clarify the meaning of Alt4. In our understanding it means that N HARQ feedback bits are mapped to one out of 2^N-1 PUCCH resources. 

[bookmark: _Toc92838241]Alt4 is further clarified to mean that to convey N bits the UE transmits one selected PUCCH resource in a slot, from a bundle of M=2^N-1 configured PUCCH resources. The actually used PUCCH resource in a slot therefore carries the required N HARQ feedback information bits of data received with a single G-RNTI pointing to this UL slot. 

[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Any two PUCCH resources as defined by TS38.331 can be different in either time domain or frequency domain allocation or initialCyclicShift or timeDomainOCC (format1). Different PUCCH resources can also have identical time domain and frequency domain allocation. The details of Alt4 we address in section 2.1.1.3.

Our view is that MBS shall support Alt 4. 

[bookmark: _Toc92838242]Change the wording of Alt4 to make it more clear: N HARQ feedback bits are mapped to one out of 2^N-1 PUCCH resources. 

We would also like to clarify the condition in the agreement "When more than one NACK-only based feedback are available for transmission in the same PUCCH slot…" In fact, we have the following agreement:

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




PUCCH format 0 itself allows for 2 bits of legacy HARQ feedback information per UE, i.e.feedback info for 2 transport blocks, by mapping the 4 possible bit values to 4 different cyclic shifts of the base sequence. We see no reason that prevents PUCCH format 0 from conveying NACK-only feedback information for 2 TBs in the same way, except that in the case neither TB has to be NACKed then no signal is transmitted. 

The gNB will have to perform energy detection for each of the possible cyclic shifts, as in legacy A/N signalling. In legacy the gNB may detect energy on multiple sequences if multiple UEs are multiplexed by using different cyclic shifts on the same PUCCH time-frequency resource. In legacy the gNB will know how many cyclic shift are used unless a UE has missed a PDCCH and accordingly will not send any feedback. 

The difference in the new NACK-only case is that the gNB does not have a-priori information how many of the 3 cyclic shifts have been transmitted by any UE that is in NACK-only mode for the considered PUCCH time-frequency resource. The gNB will have to perform energy detection allowing any number of 1 to 3 cyclic shifts to exceed the detection threshold. 

In fact, since PUCCH format 0 supports multiplexing of 2 feedback bits from each of multiple UEs, up to the total amount of 12 availabe cyclic shifts, we see no technical reason that prevents format 0 from supporting more than 3 concurrently transmitted cyclic shifts for the NACK-only case. 7 cyclic shift out of the 12 could be used for conveying NACK-only for up to 3 TBs with one PUCCH format 0 transmission. 

When PUCCH format 0 is used together with Alt4, it should be noted that the total number of PUCCH resources is given by the product of number of CSs and number of alternative PF0 RBs to select from. With e.g. 7 cyclic shifts and 9 PF0 RBs, there would be in total 7 x 9 = 63 PUCCH resources, which is enough to carry NACK-only feedback for 6 bits. There are many possible combinations.

We think Alt1 has some flaws. When a UE transforms NACK-only into ACK/NACK bits, this means the UE needs to be allocated with a PUCCH resource that can transmit ACK/NACK bits. These PUCCH resources may be configured for multicast or unicast.

With NACK-only, typically only a small subset of UEs in a group needs to transmit a NACK signal. However, this can be any subset of UEs, so all UEs need to have PUCCH resources configured for a fallback to transmit ACK/NACK if Alt1 would be supported. The assumption that this PUCCH resource to transmit ACK/NACK is already there for multicast traffic for each UE in multicast group is not realistic/reasonable, otherwise NACK-only feedback is not needed at all. We could use ACK/NACK feedback from beginning. Therefore, for multicast ACK/NACK PUCCH resources, Alt1 has the problem that not all UEs in the group can choose Alt1. 
  
The alternative is to let the UE feedback piggy-back on unicast HARQ feedback, so that the NACK-only feedback, transformed to ACK/NACK, would use the same PUCCH resource as a unicast HARQ feedback. The limitation with this is that Alt 1 cannot work when the UE is not scheduled with unicast transmission. But all NACK-only UEs cannot always be scheduled with unicast, so Alt1 is not a general solution. Although Alt1 can transmit many NACK bits, via NACK-only to ACK/NACK transformation, it has a scalability issue, since the amount of PUCCH resources are not enough to support all UEs to have their NACK-only transformed to ACK/NACK (otherwise NACK-only does not need to be used). 

In connection with the overbooking done for regular unicast, the gNB may ensure, via smart scheduling, that there are no PUCCH collisions., so the overall amount of unicast PUCCH resources may be enough to let all UEs that need transmit ACK/NACK. However, there is no way for the gNB to know which UEs need to use this, so it cannot schedule PUCCH resources in a smart way. It needs instead to have unicast PUCCH resources available for all UEs, which is not possible.
The conclusion is therefore that Alt1 does not generally work for the targeted case where the number of UEs is large enough to have NACK-only enabled.

With Alt4, on the other hand, there is no scalability problem at all, with respect to number of UEs, but there is a limitation with respect to number of transmitted NACK-only bits, since the required number of configured PUCCH resources increases exponentially with number of transmitted NACK-only bits. When the required number of NACK-only bits to transmit does not exceed a certain specified or configured maximum value, e.g. 5 bits (requiring 31 PUCCH resources), Alt4 can therefore be safely used. But if the required number of bits is higher than this, Alt4 cannot support this alone. This is a limitation that is acceptable, especially if no other solutions are considered.

[bookmark: _Toc92838243]Do not support Alt1 for the case when more than one NACK-only based feedback are available for transmission in the same PUCCH slot.  

[bookmark: _Toc86822258][bookmark: _Toc86822259][bookmark: _Toc92838244]When one or more NACK-only based feedback bits need be transmitted in same PUCCH slot, Alt 4 is supported.  

We also think the HARQ ACK bundling could resolve the bit limitation issue of Alt4. When e.g. four bits are supported with Alt4, and there is NACK-only feedback for six TBs to transmit, then the last bit would be a NACK-only bundling bit that would cover remaining (here three) TBs bits. This bit would be '1' (meaning NACK) if any of the remaining (three) TBs related to the bundled bits are erroneous.


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

As agreed in RAN1#105e, PUCCH format 0 and format 1 can be used as a basis for NACK-only signaling. 

In the simplest form, one cyclic shift of the base sequence is selected to represent a NACK-only signal. The UE is configured with which shift to use. For PUCCH format 1 the same applies with respect to orthogonal (DFT) spreading sequences and whether the I or Q- domain should be used for the NACK signalling. For PUCCH format 1 all UEs using the same cyclic shift and orthogonal sequence also use the same DMRS. We note that I/Q multiplexing for PUCCH Format 1 cannot be used, because the I/Q phase of different UEs, having the same Cyclic Shift, cannot be resolved when they use the same DMRS but send different data, and therefore I/Q components of different UEs can interfere.

[bookmark: _Toc92838245]Use the PUCCH format 0 or format 1 phase rotations (Cyclic Shifts) and for format 1 the orthogonal (DFT) spreading as dimension in addition to OFDM-symbol and PRB 

Looking at the PUCCH Format 1 structure in Figure 1, what is not shown is how in legacy different UEs are multiplexed on the PF1, but the way it works is that simply all UEs transmit this type of signal and then multiplexing is achieved by over the air addition. 

Now, with NACK-only, a UE that has to transmit a NACK starts by generating a BPSK signal that has say a +1 value and maps it to say I-domain. Would work likewise with -1 value, just need to ensure that all UEs for that NACK-only signal use the same value here. The signal is then multiplied by the cyclic shift over the frequency-domain and by the orthogonal sequence in the time domain. 

The multiplication of course rotates the phase of the I-domain, depending on the resource element, but these applied rotations are the same by all UEs generating that particular signal. The absolute phase with which UE signals arrive at the gNB is of course UE-individual, so the resulting phase on each RE is random with the channels, but the relative phase difference between REs will be the same (if channel is sufficiently short and neglecting other impairments) from all UEs for that NACK-only signal, so that when the gNB performs the correlation with the shift/ortho sequence it will get a peak only if one of the UEs has sent the signal. (The peak value of course increases with the number of UEs transmitting). Therefore, sharing a PUCCH Format 1 resource in terms of orthogonal sequence and cyclic shift by all UEs for the same NACK-only signal does work.

When 2 UEs transmit different NACK-only signals, using e.g. different orthogonal sequences, then the correlation will have peaks for the respective sequence.

The UEs of one NACK-only signal need to use all the same RS and orthogonal sequence on the RS that matches the one used on the payload REs.

[image: ]
[bookmark: _Ref92264270]Figure 1 Example of PUCCH format 1 without frequency hopping (top) and with frequency hopping (bottom) 

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 single G-RNTI 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: _Toc92838246]PUCCH configuration for NACK-only contains a single PUCCH resource set. 

N feedback bits are mapped to 2^N-1 PUCCH resources, for which we propose the term PUCCH resource pool In our previous contribution we have proposed the term PUCCH resource bundle, but in order to avoid confusion with the HARQ bundling term, we propose the term PUCCH resoure pool now. Different PUCCH resource pools can be defined for different PRI. 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 collision do not occur.

For a codebook of size N bits and without HARQ bundling, M PUCCH resources need to be available in one uplink slot. We propose that a maximum number Z>=M of PUCCH resources per pool and PRI can be RRC configured. 

[bookmark: _Toc92838247]The gNB has to ensure that it does not transmit more than Nmax=log2(Z+1) transport blocks with dl-DataToUL-ACK pointing to the same uplink slot. 

A PUCCH configuration for NACK-only consists of a single PUCCH resource pool containing Z PUCCH resources for each PRI. A mapping from each feedback codeword to a PUCCH resource in one pool needs to be defined. If the feedback codebook that has to be transmitted in a given UL slot contains less than Nmax bits, then some of the PUCCH resources in each pool will not map to any codebook value. E.g. if Nmax=7 and the codebook contains only 4 bits (e.g. because of no carrier aggregation, no FDM and dl-DataToUL-ACK containing 4 entries), then the 15 possible non-zero values of the codebook can be mapped to the PUCCH resources with the 15 lowest IDs in the pool, leaving the remaining 2^7-1-15=112 PUCCH resources with higher IDs in the pool not used, i.e. none of the UEs configured for NACK-only for the considered G-RNTI will transmit on any of these resources. These unused resources in a UL slot can be reused for other purpose. 

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: _Toc92838248]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.

We note that in Rel-16 maxNrofPUCCH-ResourcesPerSet=32, so that without standards changes the maximum number of PUCCH resources in a pool would also be limited to 32, which limits the number of feedback bits to log2(32)=5, and we think this is too constraining. Furthermore this already assumes all resources that can be configured to PUCCH resource set 0 belong to on pool, so it would not be possible to address different resources by the PRI. 

We therefore propose to increase the maxNrofPUCCH-ResourcesPerSet for PUCCH config that is used for NACK-only, and make it at least equal to the current value of maxNrofPUCCH-Resources which is 128. We believe this does not increase complexity compared to legacy, because only 1 PUCCH Resource Set needs to be supported for NACK-only.

[bookmark: _Toc92838249]For PUCCH config for NACK-only, increase maxNrofPUCCH-ResourcesPerSet to 128.

We note that configuring 128 PUCCH resources for NACK-only does not imply that all PUCCH resources must have different time-frequency allocations. Any two PUCCH resources as defined by TS38.331 can be different in either time domain or frequency domain allocation or initialCyclicShift or timeDomainOCC (format1). Different PUCCH resources can also have identical time domain and frequency domain allocation.

With dl-DataToUL-ACK containing up to 8 elements, and TDRA list allowing 2 PTM PDSCHs per slot, a HARQ codebook could contain up to 2*8=16bits already for one carrier. This would therefore require to allocate 65535 PUCCH resource in one slot, which is clearly impossible. With NACK-only, the gNB will have to ensure that the number of bits to transmit is aligned with the configured number PUCCH resources in a pool, which implies an undesirable, but still acceptable, scheduling restriction, considering the lack of alternative solutions. With 128 PUCCH resources configurable for NACK-only in the single PUCCH resource set, this supports feedback codewords of up to 7 bits. If, however, the PUCCH resources mapped to different PRI shall be at least partly different, then a lower number of PUCCH resources than 128 need to be contained in every PUCCH resource pool. E.g. each PRI specific pool could contain a different subset of 64 PUCCH resources, supporting the mapping of feedback codewords of up to 6 bits. The 128 PUCCH resources thereby do not need to be configured exclusively for NACK-only feedback, but can also be configured for other UEs e.g. for unicast ACK/NACK feedback. The gNB in the scheduling needs to set the PRI for the NACK-only so that the addressed PUCCH resources in the pool are not colliding with PUCCH resources that another UE would select for other UCI in the same UL slot.



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: _Toc92838250]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. 
NACK only resources for multiple bit feedback and multiple G-RNTIs
In case UEs are configured for NACK-only for multiple G-RNTIs, the codebooks are created separately for each G-RNTI. This implies that the mapping of the N codebook bits to one of M PUCCH resources is performed separately per G-RNTI. This is important as different UEs may be configured to receive different sets of G-RNTIs. For a given UE, feedback for different G-RNTIs are TDM’ed in different UL slots.

[bookmark: _Toc92838251]For a given UE, feedback for different G-RNTIs are TDM’ed in different UL slots.

With the current limitation of one transmitted PUCCH resource per UL slot, we do not think it is viable to support NACK feedback of multiple G-RNTIs per UE in the same UL slot, since this would require a jointly constructed set of PUCCH resources that would need to cover all NACK-only bits of several/many G-RNTIs by selecting one single PUCCH resource. This is not practically feasible considering the combinatorial explosion when potentially many G-RNTIs are involved (taken over all UEs).

Instead, we suggest that each UE send NACK-only feedback for only one G-RNTI in a given UL slot. At the same time, other UEs could send NACK-only feedback for the same or different G-RNTIs in the same UL slot. All G-RNTIs, for which NACK-only feedback is sent in the same UL slot would need to have their own separate set of PUCCH resources, which is common among all UEs receiving this G-RNTI. With e.g. four NACK bits per G-RNTI, each G-RNTI would need 2^4-1=15 PUCCH resources in a slot. In the slot, many other orthogonal sets of PUCCH resources could also be configured for the same and different UEs. 

Each UE is configured with one or more sets of PUCCH resources, corresponding to the number of G-RNTIs, for which it needs to send NACK-only feedback.

When a UE needs to send NACK-only feedback for multiple G-RNTIs, it transmits this in multiple UL slots, with one slot per G-RNTI. The particular PUCCH resource to be transmitted corresponds, in each UL slot, to the NACK-only bit combination that applies for the G-RNTI associated with that UL slot.

For each received G-RNTI, the UE would use the DCI indication for which UL slot to use for the feedback. However, when the UE needs to send feedback for multiple G-RNTIs, it can happen that the indication for NACK-only feedback for two different G-RNTIs points to the same UL slot, which causes a conflict. 

To resolve this conflict, there is a need for a specification rule, e.g. that the UE sends feedback for the G-RNTI with the lowest RNTI in the indicated UL slot and the other G-RNTIs are sent in subsequent UL slots in order of their RNTI number.

Unless each G-RNTI is associated with a unique UL slot, with no other G-RNTI feedback in this slot, the issue of conflict is unavoidable, we think. Consider e.g. a simple case with four G-RNTIs: G-RNTI1, G-RNTI2, G-RNTI3 and G-RNTI4.
The DCIs of G-RNTI1 and G-RNTI2 both point to UL slot K, whereas the DCIs of G-RNTI3 and G-RNTI4 both point to UL slot K+1. 

A UE that needs to receive G-RNTI1 and G-RNTI3 can do that just following the indication, without conflict, but a UE that needs to receive G-RNTI1 and G-RNTI2 will have a conflict if it just follows the DCI indication, since this will point to slot K for both G-RNTIs. Following the suggested rule above, if G-RNTI is counted as “lower value” than G-RNTI2, this means that the UE would transmit NACK only feedback for G-RNTI1 in UL slot K and for G-RNTI2 in UL slot K+1, which would resolve the conflict.

[bookmark: _Toc92838252]Each UE can be configured with one or more sets of PUCCH resource pools, where each set corresponds to one G-RNTI. 

[bookmark: _Toc92838253]When a UE needs to send NACK-only feedback for multiple G-RNTIs, it transmits this in multiple UL slots, with one slot per G-RNTI. The particular PUCCH resource to be transmitted corresponds, in each UL slot, to the NACK-only N-bit combination that applies for the G-RNTI associated with that UL slot to send HARQ feedback for N TBs of the G-RNTI

[bookmark: _Toc92838254]When the same UL slot is indicated for NACK-only feedback for more than one G-RNTI that the UE is receiving, the UL PUCCH conflict is resolved by delaying feedback of conflicting G-RNTIs to later UL slots, so that the transmitted PUCCH resource in each UL slot only carries HARQ feedback for one G-RNTI.
· [bookmark: _Toc92838255]Delayed UL feedback is sent in first available UL slot
· [bookmark: _Toc92838256]FFS details
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: _Toc92838257]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: _Toc92838258]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: _Toc92838259]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: _Toc92838260]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.
Enable/disable HARQ  
We have the following agreement in RAN1#107-e:
	
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. 
Agreement
For the DCI format including the field of “enabling/disabling HARQ-ACK feedback indication” for multicast scheduling, the field is a new field with 1 bit. 



Configuration of enable/disabled HARQ

Considering that network may have PUCCH resources for a portion of UEs in multicast group, it is useful to let some UE in the group which are assigned with UE specific PUCCH resource to continue transmit ACK/NACK HARQ feedback even though group-common DCI indicate not to send HARQ feedback, i.e. RRC signaling can configure a UE not to follow the indication in the group-common DCI when necessary. This is quite useful when UE with bad radio link quality are configured with PUCCH resource for HARQ feedback while UE with good radio link quality are not. As the HARQ feedback from UE with bad radio link quality usually determine the retransmission action for the whole group.  

[bookmark: _Toc92838261]UE can be configured to monitor or ignore the enabling/disabling bit in group-common DCI. 
b. [bookmark: _Toc92838262]UE configured to ignore the DCI indication for HARQ feedback type rely on the feedback type configured in RRC 
c. [bookmark: _Toc92838263]UE configured to monitor the DCI indication for HARQ feedback type use the indicator in DCI to select one of two possible feedback types. 
DCI indication of enable/disabled HARQ

[bookmark: OLE_LINK18]We think group-common DCI based solution is only suitable for type-2 dynamic HARQ codebook feedback not type-1 semi-static HARQ codebook feedback as type-1 semi-static HARQ codebook feedback should be determined by RRC configuration. And regarding group-common DCI based solution applied to type-2 dynamic HARQ codebook feedback, vivo mentioned in 106e meeting that there is impact on the DAI and HARQ codebook generation by this group common DCI. Our view is that the counting of DAI should not be affected by the indicator in group-common DCI. Furthermore, for all those PDSCHs whose HARQ feedback need be transmitted at the same UL slot using the same PUCCH, the DCI indicator in those corresponding group-common PDCCH must be the same. For example, assuming the configuration of PDSCH-to-HARQ_feedback is {1,2,3,4,5}, i.e, for a UL with slot number n, the HARQ feedback of DL slot with number n-5, n-4, n-3, n-2, n-1 are in the same codebook using the same PUCCH resource. Then if gNB schedules all 5 slots, then the disable/enable indicator in the 5 PDCCHs must be the same. If gNB schedule just 2 out of 5, then the disable/enable indicator in the 2 PDCCH must be the same regardless which 2 DL slots are scheduled. This can solve the problem that there might be ambiguity issue regarding enable/disable indicator.

[bookmark: _Toc92838264]The UE is only expected to follow the enable / disable indicator for HARQ feedback in group-common DCI when the two following conditions are fulfilled: 
d. [bookmark: _Toc92838265]If it is configured to use the enable/disable indicator present in group common PDCCH
e. [bookmark: _Toc92838266][bookmark: OLE_LINK20]If the HARQ feedback codebook type is of type 2.
[bookmark: OLE_LINK19][bookmark: _Toc92838267]The enable/disable indicator in the PDCCHs scrambled by same G-RNTI which point to the same PUCCH for HARQ feedback must be the same.
[bookmark: _Toc86822280][bookmark: _Toc86822287]CSI  
The following agreement was made in RAN1#105e: 
	Agreement:
For ACK/NACK based HARQ-ACK feedback for multicast, the multiplexing/prioritizing rule between the HARQ-ACK for multicast and SR/CSI can reuse Rel-16 multiplexing/ prioritizing rule between the HARQ-ACK for unicast and SR/CSI.




The existing CSI-RS, CSI measurements and reporting framework of release-15 and -16 NR specifications already support different ways of CSI acquisition at the gNB either in periodic, semi-persistent or in aperiodic manner. The CSI report from the UE may include Channel Quality Indicator (CQI), precoding matrix indicator (PMI), CSI-RS resource indicator (CRI), SS/PBCH Block Resource indicator (SSBRI), layer indicator (LI), rank indicator (RI) and L1-RSRP. By network implementation, gNB can configure different CSI-reporting configurations, for e.g., periodic CSI-reporting with feedback of certain quantities from the UEs within a multicast group and aperiodic CSI-reporting from a subset of UEs only, consequently, that allows the gNB a efficient MCS for the scheduling of multicast PDSCH.

In practice, if the gNB requires the aperiodic CSI reports from a subset of UEs only, then it is always possible to trigger them via UE specific PDCCH. While group-common PDCCH may allow to simultaneously trigger the UEs to measure CSI, the feedback is still on PUSCH on the resources dedicated to each UE. By considering the efforts of standardization required to study group-common PDCCH for uplink DCI and the performance benefits as well as the limited progress in the other prioritized topics, we prefer to propose to rely on the existing framework of UE specific PDCCH based aperiodic CSI reporting. 

[bookmark: _Toc92838268]The existing Rel. 15/16 framework of CSI feedback is reused for multicast/PTM.
[bookmark: _Toc54389118][bookmark: _Toc54389135]Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	For NACK-only transmission of HARQ feedback for group scheduling, both semistatic and dynamic codebooks are supported
Proposal 2	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 3	Alt4 is further clarified to mean that to convey N bits the UE transmits one selected PUCCH resource in a slot, from a bundle of M=2^N-1 configured PUCCH resources. The actually used PUCCH resource in a slot therefore carries the required N HARQ feedback information bits of data received with a single G-RNTI pointing to this UL slot.
Proposal 4	Change the wording of Alt4 to make it more clear: N HARQ feedback bits are mapped to one out of 2^N-1 PUCCH resources.
Proposal 5	Do not support Alt1 for the case when more than one NACK-only based feedback are available for transmission in the same PUCCH slot.
Proposal 6	When one or more NACK-only based feedback bits need be transmitted in same PUCCH slot, Alt 4 is supported.
Proposal 7	Use the PUCCH format 0 or format 1 phase rotations (Cyclic Shifts) and for format 1 the orthogonal (DFT) spreading as dimension in addition to OFDM-symbol and PRB
Proposal 8	PUCCH configuration for NACK-only contains a single PUCCH resource set.
Proposal 9	The gNB has to ensure that it does not transmit more than Nmax=log2(Z+1) transport blocks with dl-DataToUL-ACK pointing to the same uplink slot.
Proposal 10	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 11	For PUCCH config for NACK-only, increase maxNrofPUCCH-ResourcesPerSet to 128.
Proposal 12	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 13	For a given UE, feedback for different G-RNTIs are TDM’ed in different UL slots.
Proposal 14	Each UE can be configured with one or more sets of PUCCH resource pools, where each set corresponds to one G-RNTI.
Proposal 15	When a UE needs to send NACK-only feedback for multiple G-RNTIs, it transmits this in multiple UL slots, with one slot per G-RNTI. The particular PUCCH resource to be transmitted corresponds, in each UL slot, to the NACK-only N-bit combination that applies for the G-RNTI associated with that UL slot to send HARQ feedback for N TBs of the G-RNTI
Proposal 16	When the same UL slot is indicated for NACK-only feedback for more than one G-RNTI that the UE is receiving, the UL PUCCH conflict is resolved by delaying feedback of conflicting G-RNTIs to later UL slots, so that the transmitted PUCCH resource in each UL slot only carries HARQ feedback for one G-RNTI.
	Delayed UL feedback is sent in first available UL slot
	FFS details
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	UE can be configured to monitor or ignore the enabling/disabling bit in group-common DCI.
a.	UE configured to ignore the DCI indication for HARQ feedback type rely on the feedback type configured in RRC
b.	UE configured to monitor the DCI indication for HARQ feedback type use the indicator in DCI to select one of two possible feedback types.
Proposal 22	The UE is only expected to follow the enable / disable indicator for HARQ feedback in group-common DCI when the two following conditions are fulfilled:
a.	If it is configured to use the enable/disable indicator present in group common PDCCH
b.	If the HARQ feedback codebook type is of type 2.
Proposal 23	The enable/disable indicator in the PDCCHs scrambled by same G-RNTI which point to the same PUCCH for HARQ feedback must be the same.
Proposal 24	The existing Rel. 15/16 framework of CSI feedback is reused for multicast/PTM.
[bookmark: _In-sequence_SDU_delivery]
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