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[bookmark: _Ref45896452]Introduction
[bookmark: _Hlk525462591]5G Broadcast evolution in RAN was discussed at RAN #78 and RAN #80, summarizing the technical attributes of terrestrial broadcast and mixed mode multicast, leading to a recommendation to proceed with a study on terrestrial broadcast in Rel-16, while leaving the standardization of mixed mode multicast / broadcast to further releases [1]. No broadcast / multicast feature support is specified in the first two NR releases, i.e., Rel-15 and Rel-16. Nevertheless, according to Rel-17 WID on the support of NR Multicast and Broadcast Services [1], there are important use cases for which broadcast / multicast could provide substantial improvements, especially in regard to system efficiency and user experience. 

The Rel-17 WID includes two RAN1 lead objectives to: 
· Specify a group scheduling mechanism to allow UEs to receive Broadcast / Multicast service [RAN1, RAN2].
· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.
· Specify required changes to improve reliability of Broadcast / Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application / service provided. [RAN1, RAN2]

Discussions on the MBS WID have been made since several RAN1 meetings, and agreements were made regarding reliability improvements [2][3][4][5][6][7][8]. 
In this document, we provide explanations, observations, proposals for the open issues and items left FFS.
In section 2, we discuss open issues regarding NACK-only based HARQ-ACK feedback mechanism. In addition, we express our perspective on HARQ-ACK codebook design, prioritization, and multiplexing. Moreover, we provide our view on slot-level PDSCH repetitions, enabling / disabling of HARQ-ACK feedback, and the details of HARQ-ACK feedback for SPS.
In section 3, we conclude the document by presenting the summary of the main ideas. 

[bookmark: _Hlk525462634][bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973]Improvements on Reliability Mechanisms for Multicast Transmission 
[bookmark: _Ref53344354]Detailed HARQ-ACK Feedback Solutions
[bookmark: _Ref68107973][bookmark: _Ref70678579][bookmark: _Ref54190956]NACK-only based HARQ-ACK feedback on group-common PUCCH resources 
As we stated in the previous meetings, of the 2 schemes that have been agreed, we prefer use of NACK-only feedback mode for PTM due to significant PUCCH resource savings observed in [9] (based on the simulations performed using the provided assumptions, NACK-only feedback on group-common PUCCH resource, supported with CSI reporting of ~500ms, can achieve a similar performance to the UE-specific ACK / NACK based feedback, but at a much lower (down to 5%) PUCCH overhead cost). In our view, and as also indicated by the FL during e-mail discussions last time, as NACK-only feedback was agreed by RAN1 group later than ACK / NACK, follow up agreements are needed for NACK-only feedback similar to the ones made for ACK / NACK feedback. The corresponding proposals are provided in this document.
Observation 1: A set of agreements to complete the functional specification for the NACK-only feedback is presented in this document.
PUCCH capacity limitation of NACK-only HARQ-ACK feedback
The following agreement was made in the last meeting to target the capacity problem of NACK-only HARQ-ACK feedback [8]:

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

Proposed different solutions are discussed below, including their advantages / disadvantages, and potential impact to the standard. 

	Description
	Pros / Cons
	Standard Impact

	Alt. 1: UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK / NACK HARQ bits

	UE converts NACK-only HARQ feedback bits that are scheduled for the same slot to ACK / NACK bits, multiplexes them, and transmits a multiplexed HARQ-ACK feedback from an orthogonal resource.
	All ACK / NACK combinations can be represented freely without a need for many extra PUCCH resource configurations, more flexible than Alt. 4.
No upper limit on the number of bits that can be transmitted. More capacity than Alt. 4. 
PUCCH resource / -config selection needs further discussion.
Benefits of NACK-only feedback (e.g., advantages stemming from non-orthogonality) diminishes for the time slots when multiplexing is used.
	PUCCH resource / -config selection to transmit multiplexed HARQ-ACK feedback needs agreements. Configured resources to transmit multiplexed feedback in NACK-only PUCCH-config or unicast / multicast ACK / NACK PUCCH-config are needed (details are provided below).

	Alt. 4: Define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission.

	NACK sequences of a known size are mapped to specific PUCCH resources.
	Basic motivation of NACK-only feedback, i.e., non-orthogonality of PUCCH resources among UEs, is preserved.
Complex to define combination (of specific sequences) that would fit different scenarios, in addition to allocation of significant amount of PUCCH resources to represent each combination.
For example, when the UE needs to provide NACK feedback for 8 different TBs in a slot, 256 PUCCH resources would be needed to represent all ACK / NACK combinations, which is infeasible. In a next slot, only 2 TBs may need to be NACK-ed in the same slot, therefore,  the configuration (mapping) needs to be dynamically changed to represent the changes in number of TBs to be NACK-ed. 
	Mapping of ACK / NACK combination (of specific sequences) to PUCCH resources that would fit different scenarios is needed for different scenarios.




Moreover, during the last meeting, some companies proposed to use different cyclic shifts to represent different NACK sequences, and use the same PUCCH resource to transmit them when Alt. 4 is applied. We have concerns regarding multiplexing different UEs in the same, e.g., PUCCH 0, resource using different cyclic shifts when group-common NACK-only feedback is used. We have shown previously that using the same cyclic shift of the base sequence, NACK-only decoding performance is good. However, when different cyclic shifts are used in the same PRB, the results may not be the same. Without having such link-level results that show a decent decoding performance, if Alt. 4 is selected, only one NACK sequence should be utilized within one PUCCH resource.

Observation 2: In case Alt. 4 is adopted, it would be complex to define combination (of specific sequences) that would fit different scenarios, in addition to allocation of significant amount of PUCCH resources to represent each combination.
Observation 3: In case of Alt. 4, only one NACK sequence should be utilized within one PUCCH resource. Otherwise, when different cyclic shifts are used in the same PUCCH, link-level results are needed to ensure good decoding performance.

Based on the above comparison, among the two alternatives, Alt. 1 requires only limited changes to the specifications to achieve sufficient NACK-only feedback capacity and does not impose any significant strains on the UE complexity. 

[bookmark: _Hlk61620627]Observation 4: Alt. 1 requires only limited changes to the specifications to achieve sufficient NACK-only feedback capacity and does not impose any significant strains on the UE complexity.

Proposal 1: When more than one NACK-only based feedback with the same priority are available for transmission in the same slot, Alt. 1 is used to increase PUCCH capacity of NACK-only based HARQ-ACK feedback:
· Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits.

In case of Alt.1, to transmit the multiplexed HARQ-ACK feedback, the UE should be configured with specific PUCCH resource(s) that is distinct from NACK-only resources. If such kind of PUCCH resource(s) is not configured to transmit multiplexed HARQ feedback, since different UEs may be receiving different MBS services, it would introduce high complexity to the gNB to schedule orthogonal resources for the multiplexed HARQ feedback, i.e., the last PRI in the DCIs cannot be used for all the UEs to select an optimal PUCCH resource to transmit a multiplexed HARQ-ACK feedback (which can include HARQ feedback of different MBSs at each UE). 

Observation 5: In case of Alt.1, since different UEs may be receiving different MBS services, it would introduce high complexity to the gNB to schedule orthogonal resources for the multiplexed HARQ feedback, i.e., the last PRI in the DCIs cannot be used for all the UEs to select an optimal PUCCH resource to transmit a multiplexed HARQ-ACK feedback (which can include HARQ feedback of different MBSs at each UE). 


In addition, if NACK-only PUCCH-config is configured, that configuration would only include PUCCH resources of type 0 and 1 that do not allow the UE to transmit more than 2 feedback bits. Therefore, new PUCCH resource(s) that are dedicated to transmit multiplexed NACK-only feedback can be contained within the NACK-only PUCCH-config. If NACK-only PUCCH-config is not configured, the PUCCH resource(s) at the ACK / NACK multicast or unicast PUCCH-config can be indicated to the UE (in a pre-configured manner, such as RRC signalling) to provide multiplexed HARQ feedback. Figure 1 illustrates the necessary change needed in the NACK-only PUCCH-config.

The UE can also be configured with more than one special PUCCH resource (a set of PUCCH resources) to transmit multiplexed HARQ-ACK feedback, from which the UE can select one based on the size of the multiplexed feedback.


[image: ]

[bookmark: _Ref83635605]Figure 1 Example PUCCH-config for NACK-only without / with PUCCH resource for multiplexed feedback of Alt. 1.
Moreover, after converting the NACK-only bits to ACK / NACK, concatenation can be based on the PUCCH resource IDs that are originally scheduled for NACK-only feedback. Compared to G-RNTI based concatenation method of ACK / NACK, the mechanism would introduce less complexity to the UE, since the HARQ bits need not to be mapped to RNTIs.
Proposal 2: In case of Alt.1, if supported, to transmit the multiplexed HARQ-ACK feedback, the UE is configured with specific dedicated PUCCH resource(s), and the UE uses the dedicated PUCCH resource(s) to transmit multiplexed NACK-only bits, rather than selecting the PUCCH resource based on the PRI field of the last DCI.
Proposal 3: In case of Alt.1, if supported, concatenation of the converted NACK-only bits is based on the ascending order of PUCCH resource IDs that are originally scheduled for NACK-only feedback.

Outlier UEs in the PTM group
As we have been stating since a couple of meetings, there may be an additional problem of “outlier” UEs when using group-common NACK-only based feedback. As identified also by other companies, e.g., [10], there may be occasions where a UE, or a number of UEs, are in significantly worse channel conditions than the others, e.g., the UEs that are close to cell-edge. Those “outlier” UEs may not be content with the reliability of the multicast / broadcast service, i.e., the PTM service’s reliability criteria are not fulfilled, and request retransmissions by sending NACKs on the group-common feedback resources, in addition to reporting significantly lower CQI values than the UEs in better channel conditions. In this case, in addition to retransmissions, since the gNB adapts the PTM transmission, i.e., MCS selection, based on the UE in the PTM group with the worst channel conditions, QoS service requirement such as delay budget of the service of the UEs even in the better channel conditions may not be satisfied due to excessive number of retransmissions and / or due to lack of time / frequency resources for low MCS values corresponding to CQI values reported by the UEs in worse channel conditions. 
Observation 6: QoS service requirement such as delay budget of the service of the UEs even in the better channel conditions may not be satisfied due to excessive number of retransmissions and / or due to lack of time / frequency resources for low MCS values corresponding to CQI values reported by the UEs in worse channel conditions.
The NACK-only HARQ-ACK feedback mechanism (and optionally CSI reporting) of “outlier UEs” in the PTM group can be disabled by the gNB. Additionally, a mechanism can be adopted to better detect that a UE is an outlier UE. For that, the UE may assess whether the reliability criteria (e.g., packet loss rate criterion of the MBS) are satisfied, and if they are not satisfied, e.g., for a certain period of time configured by the gNB, the UE may notify the gNB, and / or directly disable its own NACK-only HARQ-ACK feedback (and CSI reporting). 
Proposal 4: A mechanism is adopted to disable NACK-only HARQ-ACK feedback (and optionally CSI reporting) of the outlier UEs. This is down-selected from the following:
1. The UE detects itself that it is an outlier UE (e.g., packet loss rate criterion of the MBS cannot be met for a specific amount of time) and disables its own HARQ-ACK feedback mechanism.
2. The UE detects itself that it is an outlier UE (e.g., packet loss rate criterion of the MBS cannot be met for a specific amount of time) and sends a request to the gNB to disable its NACK-only feedback (e.g., using a specific CQI value such as CQI 0).
After the outlier UE’s feedback mechanism is disabled, the gNB can assign dedicated UE-specific ACK / NACK resources to the UE and / or the UE can keep reporting CSI feedback, as proposed similarly by [10]. That way, the UE’s feedback mechanism can be re-activated by the gNB, if its channel conditions have improved. The UE can also decide on re-activating its NACK-only based HARQ-ACK feedback by itself, by getting configured with a criterion such as an average BLER. By satisfying such a criterion, the UE can either directly re-activate its feedback mechanism, or request gNB to allow the UE to utilize the group-common HARQ-ACK resource for NACK-only HARQ feedback.

[bookmark: _Hlk78979412]Proposal 5: An outlier UE’s NACK-only HARQ-ACK feedback on group-common PUCCH resources can be re-activated by using one of the following methods:
1. The gNB can assign dedicated ACK / NACK resources to the UE and / or the UE can keep reporting CSI feedback, so that the gNB can decide when to re-activate the NACK-only based HARQ-ACK feedback of the UE.
2. The UE can be configured with a QoS criterion, such as an average BLER, and by satisfying this criterion, the UE can either directly re-activate its feedback mechanism, or request gNB to allow the UE to utilize the group-common HARQ-ACK resource for NACK-only HARQ-ACK feedback.


PUCCH power control
NACK-only HARQ-ACK feedback means that numerous UEs use the same “group-common” PUCCH resources. We have observed in [9] that the distribution of the aggregated received NACK-signal power strongly depends on the number of UEs concurrently sending NACK. In order to have stable reliability of NACK detection at the gNB while limiting, e.g., inter-cell interference to an unavoidable minimum, the gNB should be able to effectively control the transmit power used by UEs for their NACK transmissions on the group-common PUCCH.

Regarding power control, the current PUCCH power control configuration for unicast already allows the network to configure a UE with 8 P0 values and to maintain two closed-loop power control states / offsets by means of continuous TPC signalling. Both could provide a basis for NACK-only power control. However, considering that UEs might join the MBS delivery session in a cell at any point in time, maintenance of closed-loop power control states updated incrementally over time via TPC commands does not appear practical. Furthermore, the transmit power for NACK-only HARQ-ACK feedback on group-common PUCCH resources may be considerably lower than what is required on UE-specific PUCCH resources calling for different P0 values. Therefore, there is a need for separate PUCCH power control configuration applied for transmission of NACK-only HARQ-ACK feedback on group-common PUCCH resources. In case a separate NACK-only PUCCH-config is configured, PUCCH-PowerControl parameter set can be configured separately than the one for UE-specific PUCCH resources. However, if a separate NACK-only PUCCH-config is not configured, and unicast PUCCH-config is used for transmitting NACK-only feedback, a new set of power control parameters for NACK-only transmissions is needed.

[bookmark: _Hlk83902957]Observation 7: In case a separate NACK-only PUCCH-config is configured, PUCCH-PowerControl parameter set can be configured separately for group-common transmissions than the one for UE-specific PUCCH resources

Observation 8: If a separate NACK-only PUCCH-config is not configured, and unicast PUCCH-config is used for transmitting NACK-only feedback, a new set of power control parameters for NACK-only transmissions is needed.

[bookmark: _Hlk78979684]Proposal 6: A dedicated PUCCH-PowerControl parameter set, different from the PUCCH-PowerControl parameter set for UE-specific PUCCH resources, is used for configuration of power control of group-common PUCCH resources for NACK-only HARQ-ACK feedback, in case NACK-only PUCCH-config is not configured and unicast PUCCH-config is used to transmit NACK-only feedback.

[bookmark: _Ref68104776]HARQ-ACK Codebook / Multiplexing / Prioritization 
The following agreements were made in [5] and [6], respectively, regarding prioritization and multiplexing:
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. 
Agreement
NR supports at least the following cases for UE supporting multicast:
· UE supports two non-overlapping slot-based PUCCHs for ACK/NACK based HARQ-ACK feedback for multicast with different priorities in a slot subject to UE capability. 
· UE supports two non-overlapping slot-based PUCCHs for ACK/NACK based HARQ-ACK feedback for multicast and unicast with different priorities, respectively, in a slot subject to UE capability.
We propose that multiplexing of HARQ-ACK feedback of same priority should be supported by all UEs in case PUCCH transmissions are scheduled in the same slot (i.e., not only when PUCCH resources physically overlap), as based on the Rel-15 / 16 procedures, and agreement above, the UEs are not able to transmit HARQ-ACK feedback at more than one PUCCH resource within the same slot per TRP per priority. 
[bookmark: _Hlk71619342]Proposal 7: Multiplexing of HARQ-ACK feedback of same priority is supported in case PUCCH transmissions are in the same slot, not only when the corresponding PUCCH resources overlap in time.

Prioritization / Multiplexing of NACK-only feedback with other transmissions
The following agreement was made in the last meeting about multiplexing of NACK-only HARQ-ACK feedback with other unicast UCIs and PUSCH [8]:

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. 

The following table summarizes the current multiplexing rules of overlapping SR with HARQ-ACK feedback with same priority in time for format 0 / 1 PUCCH.
	
	HARQ-ACK with format 0 PUCCH
	HARQ-ACK with format 1 PUCCH

	SR with format 0 
	Transmit both on HARQ-ACK resource
	Drop SR, transmit HARQ-ACK 

	SR with format 1
	Transmit both on HARQ-ACK resource
	Transmit HARQ-ACK on SR resource if SR is positive, transmit HARQ-ACK on HARQ-ACK resource if SR is negative.



For the case when HARQ-ACK PUCCH with format 0 overlaps with SR in time, based on the current specifications, SR is multiplexed with HARQ-ACK and transmitted on the HARQ-ACK resource. Since the NACK-only resource is group-common, the group-common resource cannot be used for the multiplexed UCI. In that case, SR resource shall be used to transmit multiplexed UCI. If the PUCCH resource for SR cannot accommodate the multiplexed feedback (e.g., in case of multiple NACK-only bits are multiplexed using Alt. 1 for NACK-only multiplexing), SR can be dropped.
Observation 9: When HARQ-ACK PUCCH with format 0 overlaps in time with SR with the same priority, based on the current specifications, SR is multiplexed with HARQ-ACK and transmitted using the HARQ-ACK resource. Since the NACK-only PUCCH resource is group-common, the group-common resource cannot be used for that purpose. 
Proposal 8: When the PUCCH resource for the NACK-only feedback overlaps in time with SR of the same priority, support UE multiplexing the NACK-only based feedback with the SR on the PUCCH resource of the SR by transforming NACK-only into the ACK / NACK bit. 
· If the PUCCH resource for SR cannot accommodate multiplexed UCI (e.g., in case of multiple NACK-only bits are multiplexed with SR), SR is dropped.
· Note: When the TB is correctly decoded, an ACK will be transmitted. 

Moreover, the previous agreement does not cover the case when NACK-only feedback for one MBS overlaps in time with ACK / NACK feedback for another MBS. In our view, the agreement can easily be enhanced to cover that case. As the UE is configured with one HARQ-ACK feedback mechanism per G-RNTI, the aforementioned case can occur.
Proposal 9: When PUCCH transmission for the NACK-only based feedback for one MBS collides with PUCCH transmissions for ACK / NACK feedback for another MBS with the same priority, support UE multiplexing the NACK-only based feedback with the ACK / NACK feedback on PUCCH 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. 
· Converted NACK-only bits are concatenated to the ACK / NACK feedback.

Although the previous agreement covers multiplexing, there were no agreements on the prioritization of NACK-only PUCCH. For the prioritization between NACK-only based HARQ-ACK feedback for multicast and other UCI / PUSCH, we propose that the existing framework of unicast should be re-used also for multicast, i.e., dropping the smaller priority transmission. This would require minimum amount of additional work.
[bookmark: _Hlk83902990]Proposal 10: The prioritization between NACK-only based HARQ-ACK feedback for multicast and other UCI / PUSCH, the existing framework of unicast should be re-used also for multicast, i.e., dropping the less prior transmission. 

Details of HARQ-ACK codebook design
Based on the previous agreements, the pdsch-HARQ-ACK-Codebook / pdsch-HARQ-ACK-CodebookList can be separately configured for multicast from that for unicast [7]. In case both unicast and multicast codebook types for the same priority are configured the same, e.g. both Type-1, multiplexing rules that are currently being defined should be followed. However, when the multicast codebook type is different from the unicast codebook type, e.g., multicast uses Type-2 and unicast uses Type-1, new multiplexing rules are needed. The following proposal was made in the last meeting:
Proposal 2.1
Can UE be configured with different CB types for unicast and multicast respectively with the same priority? If yes, how is the CB generated for the overlapping/non-overlapping PUCCHs cases in the same PUCCH slot? 
Possible candidate alternatives (Companies can indicate which one is you preferred): 
· Alt1: support generating the separate CBs with the same priority that are to be transmitted on two non-overlapping case. UE is not expected to be configured with different CB types for the overlapping cases. 
· Alt2: support generating separate sub-codebooks and concatenating them by appending one sub-codebook to the other sub-codebook for both overlapping and non-overlapping cases.
· Alt3: UE is not expected to be configured with different CB types for unicast and multicast with the same priority and it is to be captured into the spec.
· Alt4: Up to network to configure to avoid. No spec impact. 
· Alt5: The UE is not scheduled with unicast and multicast PUCCHs in the same slot with same priority, if unicast and multicast are configured to with CB types.

In our view, there is no reason to support Alt. 1, since it would introduce a new UE capability and since another alternative, e.g., Alt. 2, can easily solve the problem of Alt. 1. Introducing such UE capability will also bring more problems. For instance, if the UE can transmit more than one non-overlapping PUCCH per slot, this would also affect NACK-only multiplexing discussions. In addition, it would be quite complex for the gNB to schedule non-overlapping resources, e.g., in case there is yet another third PUCCH transmission that overlap with one of the two transmissions. Moreover, Alt. 3 and Alt. 5 would be too restrictive, and such restriction is not needed, as Alt. 2 can overcome the problem without any restrictions.

Proposal 11: The UE can be configured with different codebook types for unicast and multicast respectively with the same priority. The codebook is generated using the following alternative for the overlapping / non-overlapping PUCCHs cases in the same slot:
· Alt2: support generating separate sub-codebooks and concatenating them by appending one sub-codebook to the other sub-codebook for both overlapping and non-overlapping cases.

Type-1 HARQ-ACK codebook
[bookmark: _Hlk71619431]The following proposal was made in the last meeting, without any ensuing agreements:
Proposal 2.3.1-2
The discussion of Type-1 codebook construction for more than one G-RNTI scheduled in FDM-ed is subject to whether UE supports more than one G-RNTI scheduled in FDM-ed that will be decided first in AI 8.12.1. 

In our view, this statement is not correct. Construction of separate Type-1 sub-codebooks is needed even if only one multicast and one unicast are allowed to be FDM-ed in a slot, since we could have the case where one MBS is FDM-ed with the unicast transmission (i.e., PDSCH of G-RNTI 1 is FDM-ed with PDSCH of C-RNTI) in one slot, and another MBS is FDM-ed with the unicast transmission (PDSCH of G-RNTI 2 is FDM-ed with PDSCH of C-RNTI) in another slot, and the corresponding HARQ-ACK transmissions are scheduled for the same slot. For such cases, construction of separate Type-1 HARQ-ACK sub-codebooks for each multicast / broadcast service (and one unicast sub-codebook, if needed) is needed, as pointed out also by other companies during e-mail discussions of last 2 RAN1 meetings.
Furthermore, the UE should concatenate those sub-codebooks, and send them in the same PUCCH. The PHY identification of PDSCH HARQ-ACK to MBS sub-codebook mapping can be done via G-RNTI (and UE-specific RNTI for unicast), and the concatenation order can follow increasing order of G-RNTI values for MBS sub-codebooks, which are preceded by the unicast sub-codebook, if needed. 
[bookmark: _Hlk78980734][bookmark: _Hlk71619439]Proposal 12: When FDM-ed transmissions of unicast and multicast / broadcast services are allowed, the UE constructs separate Type-1 HARQ-ACK sub-codebooks using Rel-15 / 16 mechanisms for each multicast / broadcast service.
[bookmark: _Hlk61620863]Proposal 13: The UE concatenates the constructed Type-1 sub-codebooks and sends them in the same PUCCH resource in case their HARQ-ACK feedback is scheduled for the same time instance.
Proposal 14: The order of concatenation of the MBS sub-codebooks to construct a HARQ-ACK codebook, when the HARQ-ACK feedback of different services are scheduled for the same time instance, follows the increasing order of the G-RNTI values that are used to map PDSCH HARQ-ACK to MBS sub-codebook. MBS sub-codebooks are preceded by unicast sub-codebook, as agreed before.

[bookmark: _Hlk68180674]HARQ-ACK codebook size ambiguity
As we have been pointing out since several meetings, based on the current agreements, a HARQ-ACK codebook size ambiguity may occur between the UE and the gNB (i.e., the UE transmits a HARQ-ACK codebook, however, this does not match the size of the HARQ-ACK codebook that the gNB expects), and the HARQ-ACK feedback cannot be decoded by the gNB successfully, which would in turn lead to the loss of the HARQ-ACK feedback, problems in retransmissions, decrease in spectral efficiency, and increase in packet loss rate of the system. In particular, a size ambiguity can occur at least in the explained cases in the Appendix.
Moreover, as indicated in the Appendix, RAN1 should decide whether the UE produces “NACK” bits even for the services that the UE has indicated interest, but did not receive any DCI / PDSCH, when constructing a Type-1 HARQ-ACK codebook for FDM-ed case in a particular PUCCH occasion.  
[bookmark: _Hlk83903138]Proposal 15: RAN1 decides whether the UE produces HARQ-ACK bits for all the multicast services that the UE had indicated interest or only for services that the UE has received PDSCH(s) when constructing multiplexed Type-1 codebook for FDM-ed unicast / multicast case.  
To overcome the problem of HARQ-ACK codebook size ambiguity, we propose that the constructed HARQ-ACK sub-codebooks are prepended by the UE with the information (with a known size) about which service the following sub-codebook belongs to. The received services can be indexed, and that index can be prepended to the HARQ-ACK sub-codebook. The services can be indexed based on the order of RNTIs. For instance, unicast can be of index 0, the service with minimum configured G-RNTI value is index 1, service with second minimum G-RNTI is index 2 …. 
In addition, the size of each sub-codebook can also be prepended to help the gNB understand the content of the multiplexed HARQ-ACK codebook.
[bookmark: _Hlk83903144]Proposal 16: To overcome the problem of HARQ-ACK codebook size ambiguity, the constructed HARQ-ACK sub-codebooks are prepended by the UE with the information (with a known size) about which service the following sub-codebook belongs to using the following method:
· The received services can be indexed, and that index can be prepended to the HARQ-ACK sub-codebook. The services can be indexed based on the order of RNTIs. For instance, unicast can be of index 0, the service with minimum configured G-RNTI value is index 1, service with second minimum G-RNTI is index 2 …. 

[bookmark: _Hlk68180689]
Enabling / Disabling HARQ-ACK Feedback
In RAN1#106bis-e meeting, the following WA from 106-e meeting was confirmed [7][8]:
Working assumption:
For enabling/disabling ACK/NACK-based HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast via dynamic group-common PDSCH:
· RRC signaling configures the enabling/ disabling function of group-common DCI indicating the enabling /disabling ACK/NACK based HARQ-ACK feedback.
· If RRC signaling configures the function of group-common DCI based indication, group-common DCI indicates (explicitly or implicitly) whether ACK/NACK based HARQ-ACK feedback is enabled/disabled 
· Otherwise, enabling/disabling ACK/NACK based HARQ-ACK feedback is configured by RRC signaling. 
· FFS details on RRC signaling and group-common DCI indicating. 
· FFS whether/how this option is extended to apply to NACK-only based feedback and multiple G-RNTI cases. 
· FFS the relation to the HARQ-ACK codebook types and HARQ-ACK codebook construction.
· FFS the relation to the enabling/disabling ACK/NACK based HARQ-ACK feedback for retransmission.  
· FFS whether/how to allow UE not to react to the DCI signaling, but instead follow UE-specific RRC configuration for HARQ feedback.
· FFS whether/how to apply it to SPS group-common PDSCH.
· UE capability for enabling/ disabling function of group-common DCI indicating the enabling /disabling ACK/NACK based HARQ-ACK feedback is introduced and FFS details. 
· Note: It is up to network implementation to avoid any potential HARQ ACK mismatch between different UEs in the same multicast group

In our view, both ACK / NACK and NACK-only based methods can be enabled / disabled in the same way, therefore, there is no need for a separate discussion for NACK-only. Above WA and ensuing following agreements from the last meeting shall also apply for the NACK-only based feedback.
[bookmark: _Hlk83903201]
Proposal 17: Confirmed WA is enhanced to also include NACK-only feedback, for which the same HARQ-ACK feedback enabling / disabling mechanisms to the ones agreed for ACK / NACK feedback apply.

Proposal 18: The group-common DCI indicating the enabling / disabling NACK-only based HARQ-ACK feedback is configured per G-RNTI by UE RRC signalling.

Proposal 19: If the group-common DCI indicating the enabling / disabling NACK-only based HARQ-ACK feedback is not configured, enabling / disabling NACK-only based HARQ-ACK feedback is configured per G-RNTI by UE RRC signalling. 

Regarding HARQ-ACK feedback for retransmissions, we expect that the UE should behave in a similar way upon retransmissions, i.e., send / do not send HARQ-ACK feedback if enabled / disabled for the first transmission by RRC signalling. For example, if the HARQ-ACK feedback is disabled for a UE by RRC signalling, however, there is a retransmission because of some other UE’s feedback, the former UE shall not provide any feedback also upon the retransmission. On the other hand, if the UE follows the DCI indication, the same can apply also for retransmission.
[bookmark: _Hlk83903205]Proposal 20: If HARQ-ACK feedback is enabled / disabled for a G-RNTI for a UE by RRC signalling, the UE provides / does not provide HARQ-ACK feedback also upon retransmissions, accordingly. 

Proposal 21: If the UE follows the DCI indication for enabling / disabling HARQ-ACK feedback for a G-RNTI, the UE follows the DCI indication also for transmitting / not transmitting HARQ-ACK feedback upon retransmissions.

Moreover, in RAN1#106bis-e meeting, the following agreement was made [8]:
Agreement:
For group-common DCI indicating whether ACK/NACK based HARQ-ACK feedback is enabled/disabled, down-select from the following alternatives:
· Alt1: Reuse one existing field in the group-common DCI.
· Alt2: Introduce a new field in the group-common DCI. 


In our view, there are several fields that will not be used in the existing DCI formats to be used for multicast. Therefore, Alt. 1 can be used for enabling / disabling HARQ-ACK feedback. Moreover, the mechanism should also apply to NACK-only based feedback.

Proposal 22: For group-common DCI indicating whether HARQ-ACK feedback is enabled / disabled, reuse one existing field in the group-common DCI.
Slot-level Repetitions
In RAN1#106bis-e meeting, the following agreement was made [8]:
Agreement:
· If configured, the pdsch-AggregationFactor for multicast dynamic scheduling is configured per G-RNTI. 
· If configured, the pdsch-AggregationFactor for multicast SPS is configured per SPS-Config-Multicast. 
Based on TS38.214, for unicast, pdsch-AggregationFactor can be applied only if the DCI is of format 1_1. However, in our view, both first and second DCI formats for multicast shall use the mechanism, unless companies point out some issues why both formats shall not be supported.
Proposal 23: The UE can receive blind repetitions of the initial transmission that can be scheduled by both first and second DCI formats for multicast using pdsch-AggregationFactor.
HARQ-ACK Feedback for SPS
In RAN1#106bis-e meeting, the following agreement was made [8]:
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.

Based on the latest agreements in AI 8.12.1, the association between a G-CS-RNTI and a SPS-Config-Multicast is indicated by the activation GC-PDCCH for SPS GC-PDSCH, i.e., a value of the HARQ process number field in a DCI format indicates an activation for a SPS GC-PDSCH configuration for multicast with a same value as provided by sps-ConfigIndex in a SPS-Config-Multicast. Therefore, theoretically, several G-CS-RNTIs can be mapped to the same SPS configuration index.

Observation 10: Several G-CS-RNTIs can be mapped to the same SPS configuration index.

However, based on the following agreement, we understand that the same number of blind repetitions are used per SPS-Config-Multicast.
Agreement:
· If configured, the pdsch-AggregationFactor for multicast dynamic scheduling is configured per G-RNTI. 
· If configured, the pdsch-AggregationFactor for multicast SPS is configured per SPS-Config-Multicast. 

Observation 11: pdsch-AggregationFactor is configured per SPS-Config-Multicast.

In our view, although per G-CS-RNTI approach brings more flexibility, we can keep the same attitude, and agree that HARQ-ACK feedback option is configured by UE RRC signalling per SPS configuration index. If enhancements are needed, those can be done in a potential Rel-18 study.
Proposal 24: For multicast SPS PDSCH without PDCCH scheduling, HARQ-ACK feedback option is configured by UE RRC signalling per SPS configuration index.

Furthermore, in RAN1#105-e meeting, the following agreement was made [6]:
Agreement:
Support NACK-only based HARQ-ACK feedback at least for multicast SPS PDSCH without PDCCH scheduling.
· FFS for SPS activation/deactivation. 
[bookmark: _Hlk68180823]Some companies have previously proposed to use UE-specific ACK / NACK also for SPS activation / deactivation grants, even when using NACK-only feedback for PDSCHs without DCI. In our view, this approach is inefficient, because it requires configuration of UE-specific PUCCH resources to provide a feedback only once.
[bookmark: _Hlk83903231]Observation 12: Using UE-specific ACK / NACK for SPS activation / deactivation grants, even when using NACK-only feedback for PDSCHs without DCI is inefficient, because it requires configuration of UE-specific PUCCH resources to provide a feedback only once.
Considering that we want to also cater for scenarios with very large UE audiences, we would like to have a mechanism, where only group-common PUCCH resources—or, if any, only minimal amounts of UE-specific uplink resources—are used for the gNB to become aware of whether all UEs have received the SPS grant. 
Following the usual principle that SPS is partially configured via RRC and activated / deactivated via PDCCH the UEs could be using a timer that is initially started when the SPS configuration is received to ask for a retransmission of the SPS activation if the latter has not been received after SPS configuration has been received via RRC signalling. This way, only UEs that missed an initially transmitted SPS activation use UE-specific uplink resources or a configured group-common uplink resource, while no message from a UE indicates the UE has received the SPS grant. Such requests can be repeated at intervals (e.g., using the same timer) if SPS activation is still not received.
Similarly, SPS deactivation and reactivation could rely on timers. A UE that has not been able to decode any TB on the SPS PDSCH for a certain amount of time assumes that SPS has been deactivated and it stops sending NACKs. In order for the system to be able to reliably reactivate SPS, e.g., in a scenario with spurts of traffic such as VoIP, UEs could periodically—where the period is much larger than the SPS periodicity—check with the gNB whether there has been an SPS reactivation that the gNB has sent but that the UE has missed.
[bookmark: _Hlk71619530][bookmark: _Hlk83903260]Proposal 25: For NACK-only HARQ operation a mechanism should be used, in which UEs are made aware via RRC signalling that SPS might be used for an MBS and request retransmission of an SPS activation PDCCH only if they have not received it in a certain amount of time.
Proposal 26: While gNBs can send SPS deactivation commands, that are in NACK-only mode not acknowledged by UEs, UEs can assume that SPS has been deactivated if they have not been able to decode a PDSCH for a certain period of time.
Proposal 27: In NACK-only HARQ operation, a method is supported for UEs to check with the gNB whether an SPS (re-)activation has been sent by the gNB but missed by the UE. Options include:
(a) Option 1: Using a group-common uplink resource
(b) Option 2: Using UE-specific signalling (MAC-CE or RRC message)
(c) Other methods are not precluded.
In addition, it was agreed that for ACK / NACK based feedback for SPS PDSCHs, the HARQ-ACK codebook index corresponding the HARQ-ACK codebook for SPS PDSCH is included in the configuration for SPS multicast, and the UE determines a priority index from the HARQ-ACK codebook index. RAN1 has not agreed on any NACK-only counterpart of that agreement. In our view, although the concept of a codebook index does not apply to NACK-only, the same concept (index 1 being low priority, index 2 being high priority) can also be used for NACK-only based feedback. 
Proposal 28: When NACK-only based HARQ-ACK feedback is used for multicast SPS PDSCH without PDCCH scheduling, the UE determines a priority index from the HARQ-ACK codebook index in the configuration for SPS multicast, using the same method with the one for ACK / NACK based feedback.

Conclusions
In this contribution, we have discussed various aspects of this WI. From those discussions we have the following observations:
Observation 1: A set of agreements to complete the functional specification for the NACK-only feedback is presented in this document.
Observation 2: In case Alt. 4 is adopted, it would be complex to define combination (of specific sequences) that would fit different scenarios, in addition to allocation of significant amount of PUCCH resources to represent each combination.
Observation 3: In case of Alt. 4, only one NACK sequence should be utilized within one PUCCH resource. Otherwise, when different cyclic shifts are used in the same PUCCH, link-level results are needed to ensure good decoding performance.

Observation 4: Alt. 1 requires only limited changes to the specifications to achieve sufficient NACK-only feedback capacity and does not impose any significant strains on the UE complexity.

Observation 5: In case of Alt.1, since different UEs may be receiving different MBS services, it would introduce high complexity to the gNB to schedule orthogonal resources for the multiplexed HARQ feedback, i.e., the last PRI in the DCIs cannot be used for all the UEs to select an optimal PUCCH resource to transmit a multiplexed HARQ-ACK feedback (which can include HARQ feedback of different MBSs at each UE). 

Observation 6: QoS service requirement such as delay budget of the service of the UEs even in the better channel conditions may not be satisfied due to excessive number of retransmissions and / or due to lack of time / frequency resources for low MCS values corresponding to CQI values reported by the UEs in worse channel conditions.
Observation 7: In case a separate NACK-only PUCCH-config is configured, PUCCH-PowerControl parameter set can be configured separately for group-common transmissions than the one for UE-specific PUCCH resources

Observation 8: If a separate NACK-only PUCCH-config is not configured, and unicast PUCCH-config is used for transmitting NACK-only feedback, a new set of power control parameters for NACK-only transmissions is needed.

Observation 9: When HARQ-ACK PUCCH with format 0 overlaps in time with SR with the same priority, based on the current specifications, SR is multiplexed with HARQ-ACK and transmitted using the HARQ-ACK resource. Since the NACK-only PUCCH resource is group-common, the group-common resource cannot be used for that purpose. 
Observation 10: Several G-CS-RNTIs can be mapped to the same SPS configuration index.

Observation 11: pdsch-AggregationFactor is configured per SPS-Config-Multicast.
Observation 12: Using UE-specific ACK / NACK for SPS activation / deactivation grants, even when using NACK-only feedback for PDSCHs without DCI is inefficient, because it requires configuration of UE-specific PUCCH resources to provide a feedback only once.

According to those observations we have the following proposals:
Proposal 1: When more than one NACK-only based feedback with the same priority are available for transmission in the same slot, Alt. 1 is used to increase PUCCH capacity of NACK-only based HARQ-ACK feedback:
· Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits.
Proposal 2: In case of Alt.1, if supported, to transmit the multiplexed HARQ-ACK feedback, the UE is configured with specific dedicated PUCCH resource(s), and the UE uses the dedicated PUCCH resource(s) to transmit multiplexed NACK-only bits, rather than selecting the PUCCH resource based on the PRI field of the last DCI.
Proposal 3: In case of Alt.1, if supported, concatenation of the converted NACK-only bits is based on the ascending order of PUCCH resource IDs that are originally scheduled for NACK-only feedback.
Proposal 4: A mechanism is adopted to disable NACK-only HARQ-ACK feedback (and optionally CSI reporting) of the outlier UEs. This is down-selected from the following:
3. The UE detects itself that it is an outlier UE (e.g., packet loss rate criterion of the MBS cannot be met for a specific amount of time) and disables its own HARQ-ACK feedback mechanism.
4. The UE detects itself that it is an outlier UE (e.g., packet loss rate criterion of the MBS cannot be met for a specific amount of time) and sends a request to the gNB to disable its NACK-only feedback (e.g., using a specific CQI value such as CQI 0).
Proposal 5: An outlier UE’s NACK-only HARQ-ACK feedback on group-common PUCCH resources can be re-activated by using one of the following methods:
3. The gNB can assign dedicated ACK / NACK resources to the UE and / or the UE can keep reporting CSI feedback, so that the gNB can decide when to re-activate the NACK-only based HARQ-ACK feedback of the UE.
4. The UE can be configured with a QoS criterion, such as an average BLER, and by satisfying this criterion, the UE can either directly re-activate its feedback mechanism, or request gNB to allow the UE to utilize the group-common HARQ-ACK resource for NACK-only HARQ-ACK feedback.

Proposal 6: A dedicated PUCCH-PowerControl parameter set, different from the PUCCH-PowerControl parameter set for UE-specific PUCCH resources, is used for configuration of power control of group-common PUCCH resources for NACK-only HARQ-ACK feedback, in case NACK-only PUCCH-config is not configured and unicast PUCCH-config is used to transmit NACK-only feedback.

Proposal 7: Multiplexing of HARQ-ACK feedback of same priority is supported in case PUCCH transmissions are in the same slot, not only when the corresponding PUCCH resources overlap in time.
Proposal 8: When the PUCCH resource for the NACK-only feedback overlaps in time with SR of the same priority, support UE multiplexing the NACK-only based feedback with the SR on the PUCCH resource of the SR by transforming NACK-only into the ACK / NACK bit. 
· If the PUCCH resource for SR cannot accommodate multiplexed UCI (e.g., in case of multiple NACK-only bits are multiplexed with SR), SR is dropped.
· Note: When the TB is correctly decoded, an ACK will be transmitted. 

Proposal 9: When PUCCH transmission for the NACK-only based feedback for one MBS collides with PUCCH transmissions for ACK / NACK feedback for another MBS with the same priority, support UE multiplexing the NACK-only based feedback with the ACK / NACK feedback on PUCCH 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. 
· Converted NACK-only bits are concatenated to the ACK / NACK feedback.

Proposal 10: The prioritization between NACK-only based HARQ-ACK feedback for multicast and other UCI / PUSCH, the existing framework of unicast should be re-used also for multicast, i.e., dropping the less prior transmission. 

Proposal 11: The UE can be configured with different codebook types for unicast and multicast respectively with the same priority. The codebook is generated using the following alternative for the overlapping / non-overlapping PUCCHs cases in the same slot:
· Alt2: support generating separate sub-codebooks and concatenating them by appending one sub-codebook to the other sub-codebook for both overlapping and non-overlapping cases.

Proposal 12: When FDM-ed transmissions of unicast and multicast / broadcast services are allowed, the UE constructs separate Type-1 HARQ-ACK sub-codebooks using Rel-15 / 16 mechanisms for each multicast / broadcast service.
Proposal 13: The UE concatenates the constructed Type-1 sub-codebooks and sends them in the same PUCCH resource in case their HARQ-ACK feedback is scheduled for the same time instance.
Proposal 14: The order of concatenation of the MBS sub-codebooks to construct a HARQ-ACK codebook, when the HARQ-ACK feedback of different services are scheduled for the same time instance, follows the increasing order of the G-RNTI values that are used to map PDSCH HARQ-ACK to MBS sub-codebook. MBS sub-codebooks are preceded by unicast sub-codebook, as agreed before.
Proposal 15: RAN1 decides whether the UE produces HARQ-ACK bits for all the multicast services that the UE had indicated interest or only for services that the UE has received PDSCH(s) when constructing multiplexed Type-1 codebook for FDM-ed unicast / multicast case.  
Proposal 16: To overcome the problem of HARQ-ACK codebook size ambiguity, the constructed HARQ-ACK sub-codebooks are prepended by the UE with the information (with a known size) about which service the following sub-codebook belongs to using the following method:
· The received services can be indexed, and that index can be prepended to the HARQ-ACK sub-codebook. The services can be indexed based on the order of RNTIs. For instance, unicast can be of index 0, the service with minimum configured G-RNTI value is index 1, service with second minimum G-RNTI is index 2 …. 


Proposal 17: Confirmed WA is enhanced to also include NACK-only feedback, for which the same HARQ-ACK feedback enabling / disabling mechanisms to the ones agreed for ACK / NACK feedback apply.

Proposal 18: The group-common DCI indicating the enabling / disabling NACK-only based HARQ-ACK feedback is configured per G-RNTI by UE RRC signalling.

Proposal 19: If the group-common DCI indicating the enabling / disabling NACK-only based HARQ-ACK feedback is not configured, enabling / disabling NACK-only based HARQ-ACK feedback is configured per G-RNTI by UE RRC signalling. 

Proposal 20: If HARQ-ACK feedback is enabled / disabled for a G-RNTI for a UE by RRC signalling, the UE provides / does not provide HARQ-ACK feedback also upon retransmissions, accordingly. 

Proposal 21: If the UE follows the DCI indication for enabling / disabling HARQ-ACK feedback for a G-RNTI, the UE follows the DCI indication also for transmitting / not transmitting HARQ-ACK feedback upon retransmissions.

Proposal 22: For group-common DCI indicating whether HARQ-ACK feedback is enabled / disabled, reuse one existing field in the group-common DCI.
Proposal 23: The UE can receive blind repetitions of the initial transmission that can be scheduled by both first and second DCI formats for multicast using pdsch-AggregationFactor.
Proposal 24: For multicast SPS PDSCH without PDCCH scheduling, HARQ-ACK feedback option is configured by UE RRC signalling per SPS configuration index.
Proposal 25: For NACK-only HARQ operation a mechanism should be used, in which UEs are made aware via RRC signalling that SPS might be used for an MBS and request retransmission of an SPS activation PDCCH only if they have not received it in a certain amount of time.
Proposal 26: While gNBs can send SPS deactivation commands, that are in NACK-only mode not acknowledged by UEs, UEs can assume that SPS has been deactivated if they have not been able to decode a PDSCH for a certain period of time.
Proposal 27: In NACK-only HARQ operation, a method is supported for UEs to check with the gNB whether an SPS (re-)activation has been sent by the gNB but missed by the UE. Options include:
(a) Option 1: Using a group-common uplink resource
(b) Option 2: Using UE-specific signalling (MAC-CE or RRC message)
(c) Other methods are not precluded.
Proposal 28: When NACK-only based HARQ-ACK feedback is used for multicast SPS PDSCH without PDCCH scheduling, the UE determines a priority index from the HARQ-ACK codebook index in the configuration for SPS multicast, using the same method with the one for ACK / NACK based feedback.
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[bookmark: _Ref77597205]Appendix
A HARQ-ACK codebook size ambiguity can occur in the following cases:
1. Type-1 Multiplexed Codebook with FDM-ed Multicast / Unicast Transmissions:
[image: ]
[bookmark: _Ref77596684]Figure 2 Example of a DL allocation for different unicast / multicast services.
Figure 2 illustrates an example DL PDSCH allocation for one MBS and one unicast service, where only one TB is assumed to be transmitted per slot for the same service, i.e., less than 5 MIMO-layers are used in the transmission. Figure 3 shows the configured TDRA table (without going into details such as SLIV value, and assuming that k0 = 1, along with mappingType is typeA), for the UE. In addition, it is assumed herein that the gNB has configured three possible k1 values, i.e., the set {1, 2, 3}, as the set dl-dataToUl-Ack. 
[image: ]
[bookmark: _Ref83904533]Figure 3 Example (simplified) TDRA table configured for a UE by the gNB.
Based on the current standard and the agreements, the semi-static codebook that would be constructed by the UE when the HARQ-ACK feedback of the received TBs are scheduled at slot n + 3 is given in Figure 4, where each ACK / NACK value corresponds to 1 bit, and where the TBs are assumed to be successfully received by the UE. 
[image: ]
[bookmark: _Ref79056525]Figure 4 Semi-static codebook to be constructed by the UE for the example PDSCH allocation.
If the DCI for the MBS TB in Figure 2 cannot be successfully decoded by the UE, then the UE would only produce the unicast sub-codebook, and not the multicast sub-codebook[footnoteRef:2]. Therefore, the gNB would receive a codebook of size 9, whereas it waited for a size 18 codebook. Moreover, the gNB cannot distinguish which service does the received codebook belong (it should be noted that in some cases, PUCCH-config and the PUCCH resource used may allow the gNB to distinguish whether the received codebook is for multicast or unicast, however, this is not possible for all the cases). Due to the size mismatch, also the correctly received codebook would not mean anything to the gNB, and both unicast and multicast feedback would be lost. [2:  One could argue that the MBS Type-1 sub-codebook would anyway be produced as an all NACK codebook (even when the UE does not receive any TB for that service). The UE may be interested in many MBS services, therefore, this kind of behavior could introduce significant overhead. A decision has to be made by RAN1 group.] 

2. Type-2 Multiplexed Codebook with Multicast / Unicast Transmissions
Figure 5 illustrates another example DL allocation for one MBS and one unicast service, where the same assumptions with the Figure 2 PDSCH allocation apply. 
[image: ]
[bookmark: _Ref77597044]Figure 5 Example of a DL allocation for different unicast / multicast services
Based on the current standard and the agreements, the dynamic codebook that would be constructed by the UE when the HARQ-ACK feedback of the received TBs are scheduled at slot n + 3 is given in Figure 6, where the TBs are assumed to be successfully received by the UE. 
[image: ]
[bookmark: _Ref77597051]Figure 6 Dynamic codebook to be constructed by the UE for the example PDSCH allocation.
If the DCI for the MBS TBs in Figure 5 cannot be successfully decoded by the UE, then the UE would only produce the unicast sub-codebook, and not the multicast sub-codebook. Therefore, the gNB would receive a codebook of size 2, whereas it waits for a size 4 codebook. Moreover, the gNB cannot distinguish which service does the received codebook belong (some exceptions apply as in case 1). Due to the size mismatch, also the correctly received codebook would not mean anything to the gNB, and both unicast and multicast feedback would be lost.
Moreover, in case only the second DCI (that schedules MBS TB with DAI = 1) is lost, then the UE would produce a codebook of size 3, and the gNB would not distinguish which TB is lost, and again, both feedback would be lost.
Similar problems to the ones in case (1) and (2) occur when 2 multicast services are received, instead of one multicast and one unicast as in examples above (i.e., when one replaces unicast allocations with another multicast service).
In addition, when the UE receives multiple MBS services, because of similar reasons to the ones explained above, the size ambiguity between the UE and gNB may occur.
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