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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 during RAN1#104e. 
[bookmark: _Ref178064866]Discussion
HARQ mechanism for PTM scheme 1  
PUCCH resource configuration for ACK/NACK
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The following agreement were made in last RAN1 meeting.
	Agreement:
[bookmark: OLE_LINK47][bookmark: OLE_LINK48]For ACK/NACK based feedback if supported for RRC_CONNECTED UEs receiving multicast, UE can be optionally configured a separate PUCCH-Config for multicast. Otherwise, PUCCH-Config for unicast applies. 
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. 



ACK/NACK based HARQ feedback has been agreed as the feedback for PTM transmission. One issue with ACK/NACK based HARQ feedback is that the number of required PUCCH resources at one UL slot is the same as the number of UEs in a PTM group as all UE in the group need to send HARQ-ACK feedback. When the number of UEs in a PTM group is large, it may not be possible to allocate the required number of PUCCH resources per UL slot. This can be solved by allowing one PUCCH resource to be used by different UEs in different time/slot. Since not all UEs need to send HARQ feedback at the same slot, UEs sending HARQ feedback in different slots can then be configured with the same PUCCH resource, thereby the per-slot required PUCCH resource is reduced. 

[bookmark: _Toc71674377]UEs receiving multicast traffic can send HARQ feedback in different UL slots, which allows multiple UEs to share the same PUCCH resource in the frequency domain. This reduces the required number of PUCCH resources per UL slot. This can be achieved by configuring the dl-DataToUL-ACK to different values with same index
Furthermore, if there are too many multicast UEs, it is also possible to disable multicast HARQ ACK/NACK transmission of some UEs to reduce the required PUCCH resources which will be discussed in section 2.1.3. 
In our concept, we think that multicast HARQ ACK/NACK should be enabled preferably for UEs that have a high BLER, i.e. a high NACK ratio. These UEs are typically the ones in poor reception conditions. Furthermore, multicast HARQ ACK/NACK should be enabled for services requiring ultra high reliability. 
For UEs with low PDSCH and PDCCH BLER, we think a NACK-only multicast HARQ feedback scheme is suitable, in particular for large payloads where high reliability of the PDSCH is much more costly than that of the PDCCH. We elaborate on the NACK-only HARQ feedback in section 2.1.2. 
For scenarios where ultra high reliability is not required and where the multicast group size is extremely large, a large fraction of the multicast UEs may be configured without HARQ feedback. 
NACK only based HARQ feedback 
The following was agreed during RAN1#103e and RAN1#104e:
	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

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




Since we see the main use case of NACK-only for UEs in good reception conditions, and reception conditions can change, we propose that the UEs can be dynamically reconfigured between NACK-only mode, ACK/NACK mode, and no feedback mode. 
[bookmark: _Toc71674550]We propose that the UEs can be dynamically reconfigured between NACK-only mode, ACK/NACK mode, and no feedback mode.
The trigger for reconfiguration can be regular radio measurements reported by the UE, e.g. RSRP, CQI. We elaborate more on our thinking of the reconfiguration opportunities in the subsequent section. 

It is desirable that all UEs can share the same set of PUCCH resources and the signals transmitted from different UEs for NACK-indication are not orthogonal. Since different UEs may have to indicate NACK for different subsets of PDSCHs a representation for each UE for the indications must generated such that indications for different PDSCHs do not interfere with each other among UEs.

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 needs to build a HARQ codebook. A NACK-only codebook needs to be built separately from unicast HARQ codebook. We assume it is not possible that the NACK-only codebook included 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 needs to have the same meaning for all such UEs. This is possible for both Type-I and Type-II codebooks, if a NACK-only codbook is specific for PDSCHs received by one G-RNTI.

[bookmark: _Toc71674551]For NACK-only transmission of HARQ feedback for group scheduling, both Type-I and Type-II codebooks are supported 
[bookmark: _Toc71674552]The NACK-only codebook for a G-RNTI is constructed independently from codebooks constructed for other G-RNTIs that the UE may also receive and from the codebook that includes feedback for PDSCH scheduled by C-RNTI.
[bookmark: _Toc71674553]PUCCH resources for NACK-only are configured separately from PUCCH resources for ACK/NACK feedback.
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 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 DFT sequence also use the same DMRS. We note that I/Q multiplexing for PUCCH Format 1 cannot be used, because the phase of different UEs cannot be resolved when they use the same DMRS, and therefore I/Q components of different UEs can interfere.

[bookmark: _Toc71674554]PUCCH formats 0 and 1 can be used for semistatic codebook as a basis for NACK-only signaling

[bookmark: _Toc71674555]Denoting the number of bits in the NACK-only codebook by N, downselect from the following variants to create up to N NACK-only signals in the same uplink slot:
a) Use N PUCCH resources in the same slot, where each PUCCH resource represents one bit in the NACK-only codebook of N bits and the UE needs to transmit multiple NACK signals, one on each PUCCH resource corresponding to a bit in the codebook for which the UE has to signal a NACK.
b) Use multiple PUCCH resources in the same slot, M=2^N-1 PUCCH resources for N is the total number of PDSCHs for which the UE needs to provide feedback, each UE transmits on one of the resources according to the subset of PDSCHs for which the UE needs to signal NACK.
FFS: Use the PUCCH format 0 or format 1 phase rotations and for format 1 the DFT spreading as dimension in addition to OFDM-symbol and PRB.
FFS: Associate each NACK signal with a subset of bits in the NACK-only codebook, where multiple UEs use the same PUCCH resource for the NACK-only signal relating to the same subset and the subset size may reduce to 1. A UE transmits the NACK signal if at least one bit of the associated subset of bits in the NACK-only codebook is cleared, i.e. indicates a PDSCH decoding failure. The gNB accordingly retransmits the transport blocks of all HARQ processes of the subset. This enhancement reduces the number of required PUCCH resources on the expense of unnecessary retransmissions.

Variant a) is more straightforward than variant b) and has the advantage that only N PUCCH resources are required. The disadvantage is that a UE may have to transmit multiple NACK-only signal in the same slot, each on a different PUCCH resource. 
In Release 15 a UE is not required to be capable of this. We note Release 16 has introduced sub-slot PUCCH. UEs supporting sub-slot PUCCH therefore should be able to transmit up to 2 NACK-only signals in the same slot. 
Transmitting multiple NACK-only signals on the same OFDM symbols, on PUCCH resources multiplexed in frequency domain, has the problem of causing discontigous transmission in the frequency domain. According to TS38.101 resource allocation for PUSCH using CP-OFDM has to be almost-contiguous in FR1, where almost means the gaps must be smaller than 25% of the PRB range including both gaps and allocated PRBs, and in FR2 the allocation for PUSCH has to be contiguous. 

Variant b) has the benefit that each UE has to transmit at most one NACK-only signal per slot, on the expense of having to configure a number of PUCCH resources that is growing exponentially with N, not linearly as with variant a).
In case UEs are configured for NACK-only for multiple G-RNTIs, the codebooks are created separately for each G-RNTI. For variant b) this implies that the mapping of N codebook bits to 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.

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. Variant b) would therefore require to allocate 65535 PUCCH resource in one slot, which is clearly impossible. 

Exploiting the Release 16 capability of transmitting on 2 PUCCH resource in a slot, the variant b can be applied two times. E.g. the first 8 bits of the codebook are mapped 255 PUCCH resources on one set of OFDM symbols and the second 8 bits are mapped to 255 PUCCH resources, on a different set of OFDM symbols in order to avoid the discontigous transmission in frequency domain. 
Since allocating 2*255 PUCCH resource in a slot is still a huge amount of resources, requiring significant system bandwidth, it seems necessary to either constrain the codebook size further or require the UE to transmit more than 2 NACK-only signal per slot.

This could be done by requiring a UE to send multiple NACK-only signal with different ones of the 6 cyclic phase shifts of the PUCCH format 0 or 1 base sequence and different ones of the up to 7 DFT spreading sequences in the case of format 1. This entails a transmit power splitting between the NACK-only signals, but does not cause the problem of discontigous transmission in frequency domain. In a single PUCCH one time-frequency allocation there could thus be up to 42 NACK-only signals multiplexed. 
Multiplexing a large number of NACK signals in one PUCCH time-frequency allocation has in addition to the transmit power splitting drawback the drawback of increased dynamic range of the received signal, beause of more signals aggregating, which may be a problem already if only up to 8 signals are muxed into the same time-frequency allocation.

We therefore believe a combination of the above opportunities can be better, e.g. using variant b) for groups of 4 bits, mapping them to 16 PUCCH allocations, and multiplex 4 NACK-only signals in each PUCCH allocation by a combination of base sequence shifts and/or DFT sequences. In addition PUCCH allocations on different OFDM symbols may be used.

For a codebook of size N bits, either N or M PUCCH resources need to be available in one uplink slot. We propose that a maximum number Z of PUCCH resources per slot can be RRC configured. The gNB has to ensure that it does not transmit more than Nmax=Z (scheme a) above) or Nmax=log2(Z+1) (scheme b) above) transport blocks with dl-DataToUL-ACK pointing to a uplink slot.
A PUCCH config for NACK-only contains Z PUCCH resources. A mapping of PDSCH to PUCCH resource in one PUCCH config needs to be defined. If less then Nmax PDSCH are transmitted then some of the PUCCH resources will remain unused by the NACK-only mode and can be reused for other purpose.
Only a single PUCCH resource set is configured for NACK-only because the UCI payload is not a parameter selecting between PUCCH resource sets, as in the the case for legacy PUCCH resource sets.


[bookmark: _Toc71674556]The PRI in the DCI is interpreted by UEs in NACK-only mode to select one of the PUCCH resource configurations for NACK-only.

The PRI in a PDCCH scrambled by a G-RNTI will therefore be interpreted as pointing to the PUCCH configuration set for NACK-only feedback by the UEs that have been configured for NACK-only mode, and as pointing to the PUCCH configuration set for ACK/NACK feedback by the UEs that have been configured for ACK/NACK feedback mode.
Enable/disable HARQ mechanism
The following was agreed in RAN1#104e:
	
[bookmark: _Hlk63422390]Agreement:
[bookmark: OLE_LINK49][bookmark: _Hlk63422353][bookmark: OLE_LINK43][bookmark: OLE_LINK44]For enabling/disabling HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast, 
· Option 3: RRC signalling configures the enabling/ disabling function of DCI indicating the enabling /disabling HARQ-ACK feedback.
· If RRC signalling configures the function, DCI indicates (explicitly or implicitly) whether HARQ-ACK feedback is enabled/disabled 
· FFS details on RRC signalling and DCI indicating. 
· If RRC signalling does not configure the function, DCI does not indicate enabling/disabling the HARQ-ACK feedback.
· FFS whether enabling or disabling the feedback is the default mode. 
· Option 2: RRC indicates enabling/disabling.
· FFS: whether down-selection between option 3 and option 2 is needed or support the both options. 
· FFS: enabling/disabling by MAC-CE.





We believe the introduction of enabling/disabling HARQ-ACK feedback is to solve the PUCCH scarcity issue. That is, when the number of PUCCH resource is less than the number of UE in a multicast group, some UE which has been allocated with PUCCH resource but is in need of retransmissions very rarely can be disabled to send HARQ-ACK feedback to release PUCCH resources, and at the same time some UE which is not allocated with PUCCH resources and it is in need of sending HARQ feedback can then be enabled to send HARQ-ACK feedback using the PUCCH resource just released. Therefore, our opinion is that this enabling/disabling HARQ-ACK feedback should be per UE action instead of for a whole PTM group. DCI based solutions (option 3) are not acceptable in the case of group DCI, because it applies to all UE in PTM group. It does not make sense to not allow all UE to send HARQ feedback when PUCCH resources are available. And similarly, it does not make sense to allow all UE to send HARQ feedback when PUCCH resources are not enough for all UE in PTM group. Using a UE specific DCI would affect current DCI format, since new bits are needed which is too complicated. 
Since NACK-only HARQ feedback is agreed in 104b-e meeting, then UE will have three modes, configured with a UE specific ACK/NACK PUCCH resource, configured with a shared NACK-only PUCCH resource and no PUCCH resource configured at all. When dedicated ACK/NACK PUCCH resources is enough, all UE can be configured with UE specific ACK/NACK PUCCH resource. If number of UE is more than number of ACK/NACK PUCCH resource, those UE with worse radio link quality would be allocated with ACK/NACK PUCCH resource. UE with better radio link quality can be allocated with NACK-only PUCCH resource or no PUCCH resource at all. Since UE radio link quality could change from time to time, then gNB may reconfigure the PUCCH resources according to UE radio link quality. That is, gNB will reconfigure a UE with better radio link quality which has ACK/NACK PUCCH resource a NACK-only PUCCH resource or without PUCCH resource so that later gNB can then assign this ACK/NACK PUCCH resource to a UE with worse radio link quality. 
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]As long as the change between different states is performed not often, it is acceptable to use RRC message, i.e. option 2. If change between different states need to be done more frequently, then we can consider a MAC CE based solution, where the MAC CE is dedicated for each UE. For a MAC CE based solution, MAC CE shall not just tell UE it is enabled to use PUCCH resource, but also which PUCCH resource to use. Therefore, a PUCCH resource index (the one that configured by RRC) is included in MAC CE so that the UE know which PUCCH resource to use. A special index, e.g. MAXNROFPUCCH can be used to indicate that no PUCCH resource is allocated. Another special index can be used to indicate that a shared NACK only PUCCH resource is allocated to UE. 
One more clarification is that disabling and enabling HARQ feedback is targeting multicast traffic. It does not have any impact on unicast traffic.

[bookmark: _Toc71674557][bookmark: OLE_LINK41][bookmark: OLE_LINK42]Enabling/disabling HARQ-ACK feedback for MBS is supported by both RRC configuration and MAC CE. 
[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: _Toc71674558]If enabling/disabling HARQ-ACK feedback for MBS is supported by MAC CE, the MAC CE message shall include a PUCCH resource indicator so that the UE knows which PUCCH resource to use. The mapping between PUCCH resource indicator and PUCCH resource is RRC configured.
[bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: _Toc71674559]Since NACK-only is supported, enabling/disabling HARQ feedback can be extended to include NACK-only case. That is, UE can be configured with UE dedicated ACK/NACK PUCCH resource, shared NACK-only PUCCH resource and no PUCCH at all and switch among the three modes via RRC signaling or MAC CE command.
HARQ codebook design  
The following agreement was made in RAN1#104e:
	[bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK30]Agreement:
For ACK/NACK based feedback if supported for multicast, for Type-2 HARQ-ACK feedback construction for PTM scheme 1, 
· DAI for unicast and DAI for multicast are separately counted. 
· Concatenation of Type-2 HARQ-ACK codebook for unicast and multicast is supported. 
· FFS details on concatenating the codebooks. 
· [bookmark: OLE_LINK33]FFS whether to support concatenating more than one Type-2 HARQ-ACK codebook for multicast. 

Agreement:
[bookmark: OLE_LINK21][bookmark: OLE_LINK36][bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK34][bookmark: OLE_LINK35]For ACK/NACK based feedback if supported for multicast, construction of Type-1 HARQ-ACK codebook based on the union of the PDSCH TDRA sets of the unicast service and the multicast service (if they are separately configured), at least of the same priority, is supported
· FFS details of Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast. 
· FFS details of Type-1 HARQ-ACK codebook construction for FDM-ed multicast and multicast if supported. 
· FFS: whether/how to optimize the Type-1 codebook construction to reduce the HARQ-ACK feedback payload size. 



 
In RAN1#104b-e the following agreement were made for Type-2 HARQ-ACK codebook construction:
	Agreement:
For Type-2 HARQ-ACK codebook concatenation to be multiplexed in the same PUCCH resource,
· The first Type-2 HARQ-ACK sub-codebook for unicast precedes the second Type-2 HARQ-ACK sub-codebook for multicast.
· FFS: The number of Type-2 HARQ-ACK sub-codebooks for multicast. 
· Note: The case of SPS PDSCH will be discussed separately. 




Regarding whether to support concatenating more than one Type-2 HARQ-ACK codebook for multicast, it depends on whether to support more than one type of multicast traffic which are scheduled via different G-RNTI. We think there is possibility that a UE needs to receive more than one type of multicast traffic, therefore it is necessary to support concatenating more than one Type-2 HARQ ACK codebook for multicast. Then in this case, UE construct the codebook separately for unicast, and each multicast traffic which associated with a different G-RNTI. Within the joint codebook, the first part is the codebook of unicast, then follow the codebooks of multicast in increasing order of G-RNTI.
[bookmark: _Toc71674560]For type-2 HARQ codebook, support more than one Type-2 HARQ-ACK sub-codebook for multicast. When there are more than one type-2 codebooks for multicast, the codebook associated with a smaller G-RNTI precedes the one associated with a larger G-RNTI
For type-1 HARQ-ACK feedback construction, 
First, we would like to clarify the agreement regarding construction of type-1 HARQ-ACK codebook in 104e. 

	For ACK/NACK based feedback if supported for multicast, construction of Type-1 HARQ-ACK codebook based on the union of the PDSCH TDRA sets of the unicast service and the multicast service (if they are separately configured), at least of the same priority, is supported



[bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK50]In the agreement, only the union of the PDSCH TDRA sets of unicast and multicast service is mentioned as the factor to affect the construction of type-1 HARQ-ACK codebook. While we know that the construction of HARQ-ACK codebook is determined by the PDSCH-to-HARQ_feedback timing indicator in PDCCH which is either mapped to a predefined set in spec or to a set of dl-DataToUL-ACK configured in PUCCH, and for UEs that support receiving more than one PDSCH per slot, HARQ code book construction is then related to PDSCH TDRA set. 
[bookmark: OLE_LINK51][bookmark: OLE_LINK52]We assume the agreement is with implicit assumption that multicast service is not configured separate PUCCH configuration, or even with separate PUCCH configuration without dl-DataToUL-ACK. 
[bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: OLE_LINK55][bookmark: OLE_LINK56]As it is agreed that multicast service can be configured with separate PUCCH configuration, it is possible that multicast service is configured with a dl-DataToUL-ACK in its PUCCH configuration as well. Then we shall consider how HARQ-ACK codebook is constructed in this case.
[bookmark: OLE_LINK57][bookmark: OLE_LINK58][bookmark: OLE_LINK59]When dl-DataToUL-ACK in multicast PUCCH configuration is the same as that in unicast PUCCH configuration, then the previous agreement is appropriate. If the set of dl-DataToUL-ACK in multicast PUCCH configuration is different from that in unicast PUCCH configuration, i.e. at least one of the items in the set dl-DataToUL-ACK of multicast PUCCH configuration is not within the set of the unicast PUCCH configuration, then the agreement needs to be revised, or complemented. 
Here is an example.
Assuming the values in the set of dl-DataToUL-ACK are {3,4,5} in the unicast PUCCH configuration and {1,2,3} in the multicast PUCCH configuration, then the HARQ-ACK codebook should be constructed based on the union of the values of both configurations. 
[image: ]
Figure 1 An example when multicast is configured with its own DL data to UL feedback timing
Regarding the impact of TDRA on HARQ-ACK codebook, the union of TDRA of unicast and multicast should only be taken into account at the DL slots when dl-DataToUL-ACK is overlapped between unicast and multicast configuration. 
[bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: _Toc71674561][bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK69][bookmark: OLE_LINK70]When MBS traffic is configured with its own dl-DataToUl-Ack in PUCCH configuration, the number of bits in joint HARQ codebook is determined by the union of elements in the sets of K1 of both multicast and unicast where K1 of multicast is provided by dl-DataToUl-Ack in multicast PUCCH configuration and K1 of unicast is provided by dl-DataToUl-Ack in unicast PUCCH configuration or is predefined as {1,2,3,4,5,6,7,8}. The union of TDRA sets is considered at the DL slots given by the intersection of both K1 sets in multicast and unicast. 

If Proposal 1 gets agreed and an additional time offset has been individually configured for a UE, the joint unicast and multicast codebook is still constructed as in Proposal 5.
When multicast and unicast or multicast and multicast traffic can be FDMed in a slot, a rule is needed to construct type-1 HARQ-ACK codebook. we propose to treat MBS traffic as from a virtual carrier, and then use the rule to construct HARQ feedback codebook before R-17 as UE works with Carrier Aggregation. This solution is very simple, has less impact on standard and easy to extend if we want to consider more than one multicast traffic. Regarding the carrier index of this virtual carrier, there could be two options. 
[bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK74][bookmark: OLE_LINK71][bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK72][bookmark: OLE_LINK73]Option 1: Explicitly configured by RRC, i.e. each multicast traffic scheduled by one G-RNTI is associated with a virtual carrier index.
[bookmark: OLE_LINK75][bookmark: OLE_LINK76]Option 2: Implicitly via predefined rule, e.g. virtual carrier index is larger than that of the actual associated physical carrier but smaller than that of all other physical carriers. For example, there are two physical carriers with index C1 and C2 (C1<C2), multicast traffic is transmitted in C1, then the virtual carrier index C1’ for multicast carrier satisfies C1<C1’<C2. The virtual carrier index of multicast traffic scheduled with G-RNTI_1 is smaller than the virtual carrier index of multicast traffic scheduled with G-RNTI_2 if G-RNTI_1 < G_RNTI 2. 

[bookmark: _Toc71674562][bookmark: OLE_LINK63][bookmark: OLE_LINK64]When multicast and unicast or multicast and multicast traffic can be FDMed in a slot, multicast traffic scheduled by one G-RNTI is treated as coming from a virtual carrier, and the HARQ codebook construction rule before R-17 can be reused for this joint type-1 HARQ-ACK codebook. 
[bookmark: _Toc71674563]The index of virtual carrier associated with multicast traffic can be either explicitly configured via RRC signaling or implicitly determined by predefined rules. The predefined rule to determine virtual carrier index can be FFS.  
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Regarding whether to support enhanced type-2 or type-3 HARQ ACK codebook, our opinion is that it is not necessary. This is because the initial trigger of introducing enhanced type-2 or type-3 HARQ codebook is for unlicensed spectrum. Even though type-3 HARQ ACK codebook can be used for licensed as well, we do not think the use case that type-3 is targeting for occurs frequently in licensed spectrum. Therefore, enhanced type-2 or type-3 HARQ codebook for PTM shall not be within the scope of R-17.
[bookmark: _Toc71674564]Enhanced Type 2 or Type 3 HARQ-ACK codebooks are not supported for PTM traffic feedback
HARQ feedback priority
The following agreement were meade in RAN1#104e and RAN1#104b-e
	RAN1#104-e
Agreement:
The priority for HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast can be, 
· Lower, higher than or equal to the HARQ-ACK feedback for unicast
· FFS: How to reflect the priority in specification, e.g., whether it is configured or indicated to the UE
· [bookmark: OLE_LINK3]FFS: The total number of priorities across multicast and unicast
· FFS the priority between HARQ-ACK feedback for multicast and other UCI for unicast (SR, CSI) or PUSCH for unicast. 


Agreement:
For the cases of HARQ-ACK feedback (at least for ACK/NACK based feedback) is available for multicast and unicast for a given UE receiving multicast, for determining the PUCCH resource,
· Support multiplexing for the same priority and prioritizing for different priorities at least when the corresponding PUCCH resources overlap in time in a slot. 
· FFS whether it is subject to UE capability.
· FFS the case of non-overlapping PUCCHs resources for HARQ-ACK in the same slot.
· FFS whether sub-slot based PUCCH transmission for HARQ-ACK is supported.
· FFS the case of HARQ-ACK feedback for multicast and other UCI for unicast. 

RAN1#104b-e
Agreement:
Two priority indexes are introduced for multicast, with
· Index 0 meaning low priority and index 1 meaning high priority.
· Priority index can be included in DCI formats scheduling the group-common PDSCH. 
· FFS details for DCI formats.
· FFS: the priority comparison between multicast and unicast with the same priority index. 

Agreement:
For a separate PUCCH-ConfigurationList for multicast that is optionally configured, at least for ACK/NACK based HARQ-ACK feedback, 
· The separate PUCCH-ConfigurationList for multicast configuration can be a list which includes up to 2 PUCCH-Config configurations corresponding low priority codebook and high priority codebook, respectively.
· FFS other configurations 





[bookmark: OLE_LINK7][bookmark: OLE_LINK9]When UE is required to send HARQ-ACK feedback for both multicast and unicast traffic, and the transmission time is overlap, then HARQ-ACK feedback for multicast and unicast traffic are multiplexed into one PUCCH resource when they are configured with same priority. The rule to select the corresponding PUCCH resource can be similar as what is defined before R17. First decide the PUCCH resource set according to the number of HARQ-ACK feedback bits, second determine the specific PUCCH resource according to PRI in DCI. Here, the number of HARQ-ACK feedback bits is the sum of both multicast and unicast traffic. PUCCH configuration for multicast may only include configuration for PUCCH formats 0/1, i.e. for the case when there is fewer number of HARQ bits for multicast needing be transmitted. When HARQ-ACK feedback for multicast need be jointly transmitted together with that of unicast, and maybe even together with CSI, PUCCH format 3 or 4 which can convey more bits need be chosen. Since PUCCH format 3 or 4 may only be configured in unicast configuration, it is therefore more reasonable to use the PRI from the last DCI of unicast to indicate PUCCH resource.       
[bookmark: _Toc71674565][bookmark: OLE_LINK77][bookmark: OLE_LINK78]When multicast and unicast traffic has same priority and their PUCCH resource for HARQ feedback is overlap in time, the HARQ feedback from multicast and unicast traffic can be multiplexed. The PUCCH resource set is determined according to the total number of HARQ feedback bits of both multicast and unicast traffic, and the specific PUCCH resource is determined by the PRI in DCI associated with unicast traffic. If the capacity of PUCCH is not enough to transmit all bits from unicast and multicast, then HARQ feedback bits has higher priority compared to CSI feedback.
When PUCCH resources for HARQ-ACK feedback is non-overlap in the same slot, then it is up to UE capability how to transmit PUCCH. If UE support to transmit more than one PUCCH with HARQ-ACK feedback per slot, then it is of course beneficial to let UE transmit the HARQ-ACK feedback for both multicast and unicast traffic in one slot. If UE can not support to transmit two HARQ-ACK feedback, then it is better to apply the multiplexing rule as defined in Proposal 17 when multicast and unicast is configured with same priority, otherwise, low priority PUCCH is discarded.    
[bookmark: _Toc71674566][bookmark: OLE_LINK81][bookmark: OLE_LINK82]When PUCCH resource for multicast and unicast is not overlapped in time, if UE UE has capability to transmit more than one PUCCH with HARQ per slot, then UE transmit HARQ feedback for both multicast and unicast traffic. If UE can only transmit one PUCCH with HARQ, multiplex multicast and unicast HARQ feedback into one PUCCH resource if they are configured with same priority. Otherwise, low priority PUCCH is dropped.
PRI for PUCCH feedback
	
Agreement:
For multiplexing the ACK/NACK-based HARQ-ACK feedback for multicast and unicast, determining the PUCCH resources for transmission is based on the PRI indicated in the “last DCI”, where the “last DCI” refers to, down-select the following alternatives:
· Alt.1: the last DCI for unicast;
· Alt.2: the last DCI across unicast and multicast;




[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Regarding how PUCCH resource is determined, our view is that it is more reasonable to choose Alt1 instead of Alt2. That is, the last DCI from unicast. This is because the PUCCH configuration for multicast may only include configuration for PUCCH formats 0/1, i.e. for the case when there is fewer number of HARQ bits for multicast need be transmitted. When HARQ-ACK feedback for multicast need be jointly transmitted together with that of unicast, and maybe even together with CSI, then PUCCH format 3 or 4 which can convey more bits need be chosen. Since PUCCH format 3 or 4 may only be configured in unicast configuration, it is therefore more reasonable to use the PRI from the last DCI of unicast to indicate PUCCH resource.       
[bookmark: _Toc71674567]The PRI from last DCI for unicast is used to indicate the PUCCH resource for joint transmission of HARQ-ACK from unicast and multicast.

CSI
The following agreement was made in RAN1#103e:
	Agreements:
FFS whether CSI feedback enhancement is needed for MBS, including but not limited:
· New CQI measurement
· New CSI report formats
· Targeted BLER 
· CSI-RS configuration
· A-CSI-RS transmission triggering
· SRS configuration





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: _Toc71674568]The existing Rel. 15/16 framework of CSI feedback is reused for multicast/PTM.
[bookmark: _Toc54389118][bookmark: _Toc54389135]Conclusion
In the previous sections we made the following observations: 
Observation 1	UEs receiving multicast traffic can send HARQ feedback in different UL slots, which allows multiple UEs to share the same PUCCH resource in the frequency domain. This reduces the required number of PUCCH resources per UL slot. This can be achieved by configuring the dl-DataToUL-ACK to different values with same index
Based on the discussion in the previous sections we propose the following:
Proposal 1	We propose that the UEs can be dynamically reconfigured between NACK-only mode, ACK/NACK mode, and no feedback mode.
Proposal 2	For NACK-only transmission of HARQ feedback for group scheduling, both Type-I and Type-II codebooks are supported
Proposal 3	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 4	PUCCH resources for NACK-only are configured separately from PUCCH resources for ACK/NACK feedback.
Proposal 5	PUCCH formats 0 and 1 can be used for semistatic codebook as a basis for NACK-only signaling
Proposal 6	Denoting the number of bits in the NACK-only codebook by N, downselect from the following variants to create up to N NACK-only signals in the same uplink slot: a) Use N PUCCH resources in the same slot, where each PUCCH resource represents one bit in the NACK-only codebook of N bits and the UE needs to transmit multiple NACK signals, one on each PUCCH resource corresponding to a bit in the codebook for which the UE has to signal a NACK. b) Use multiple PUCCH resources in the same slot, M=2^N-1 PUCCH resources for N is the total number of PDSCHs for which the UE needs to provide feedback, each UE transmits on one of the resources according to the subset of PDSCHs for which the UE needs to signal NACK. FFS: Use the PUCCH format 0 or format 1 phase rotations and for format 1 the DFT spreading as dimension in addition to OFDM-symbol and PRB. FFS: Associate each NACK signal with a subset of bits in the NACK-only codebook, where multiple UEs use the same PUCCH resource for the NACK-only signal relating to the same subset and the subset size may reduce to 1. A UE transmits the NACK signal if at least one bit of the associated subset of bits in the NACK-only codebook is cleared, i.e. indicates a PDSCH decoding failure. The gNB accordingly retransmits the transport blocks of all HARQ processes of the subset. This enhancement reduces the number of required PUCCH resources on the expense of unnecessary retransmissions.
Proposal 7	The PRI in the DCI is interpreted by UEs in NACK-only mode to select one of the PUCCH resource configurations for NACK-only.
Proposal 8	Enabling/disabling HARQ-ACK feedback for MBS is supported by both RRC configuration and MAC CE.
Proposal 9	If enabling/disabling HARQ-ACK feedback for MBS is supported by MAC CE, the MAC CE message shall include a PUCCH resource indicator so that the UE knows which PUCCH resource to use. The mapping between PUCCH resource indicator and PUCCH resource is RRC configured.
Proposal 10	Since NACK-only is supported, enabling/disabling HARQ feedback can be extended to include NACK-only case. That is, UE can be configured with UE dedicated ACK/NACK PUCCH resource, shared NACK-only PUCCH resource and no PUCCH at all and switch among the three modes via RRC signaling or MAC CE command.
Proposal 11	For type-2 HARQ codebook, support more than one Type-2 HARQ-ACK sub-codebook for multicast. When there are more than one type-2 codebooks for multicast, the codebook associated with a smaller G-RNTI precedes the one associated with a larger G-RNTI
Proposal 12	When MBS traffic is configured with its own dl-DataToUl-Ack in PUCCH configuration, the number of bits in joint HARQ codebook is determined by the union of elements in the sets of K1 of both multicast and unicast where K1 of multicast is provided by dl-DataToUl-Ack in multicast PUCCH configuration and K1 of unicast is provided by dl-DataToUl-Ack in unicast PUCCH configuration or is predefined as {1,2,3,4,5,6,7,8}. The union of TDRA sets is considered at the DL slots given by the intersection of both K1 sets in multicast and unicast.
Proposal 13	When multicast and unicast or multicast and multicast traffic can be FDMed in a slot, multicast traffic scheduled by one G-RNTI is treated as coming from a virtual carrier, and the HARQ codebook construction rule before R-17 can be reused for this joint type-1 HARQ-ACK codebook.
Proposal 14	The index of virtual carrier associated with multicast traffic can be either explicitly configured via RRC signaling or implicitly determined by predefined rules. The predefined rule to determine virtual carrier index can be FFS.
Proposal 15	Enhanced Type 2 or Type 3 HARQ-ACK codebooks are not supported for PTM traffic feedback
Proposal 16	When multicast and unicast traffic has same priority and their PUCCH resource for HARQ feedback is overlap in time, the HARQ feedback from multicast and unicast traffic can be multiplexed. The PUCCH resource set is determined according to the total number of HARQ feedback bits of both multicast and unicast traffic, and the specific PUCCH resource is determined by the PRI in DCI associated with unicast traffic. If the capacity of PUCCH is not enough to transmit all bits from unicast and multicast, then HARQ feedback bits has higher priority compared to CSI feedback.
Proposal 17	When PUCCH resource for multicast and unicast is not overlapped in time, if UE UE has capability to transmit more than one PUCCH with HARQ per slot, then UE transmit HARQ feedback for both multicast and unicast traffic. If UE can only transmit one PUCCH with HARQ, multiplex multicast and unicast HARQ feedback into one PUCCH resource if they are configured with same priority. Otherwise, low priority PUCCH is dropped.
Proposal 18	The PRI from last DCI for unicast is used to indicate the PUCCH resource for joint transmission of HARQ-ACK from unicast and multicast.
Proposal 19	The existing Rel. 15/16 framework of CSI feedback is reused for multicast/PTM.
[bookmark: _In-sequence_SDU_delivery]
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