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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 at RAN1#102-e, RAN1#103-e, RAN1#104-e and RAN#104bis-e meetings, and several agreements were made regarding reliability improvements [2][3][4][5]. 
In this document, we provide explanations, observations, proposals for the open issues and items left FFS.
In section 2, we discuss HARQ-ACK feedback solutions. In addition, we express our perspective on HARQ-ACK codebook, prioritization, and multiplexing. Moreover, we provide our view on slot-level PDSCH repetitions, CSI reporting enhancements, 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
In RAN1#104-e meeting, the following proposal was made but not agreed yet regarding CBG based transmissions [6]:
FFS on whether support CBG based retransmission for RRC_CONNECTED UE receiving multicast.

Regarding CBG-based retransmissions, based on [7], error events in different CBs are heavily correlated considering that CBs are mapped to resources first in frequency and then in time direction. Thus, only in case of mixed UL-DL slots and different mixed slot formats in different cells, CBG-based retransmissions would provide practical benefits to the system performance. Moreover, as the NACK-only based HARQ-ACK feedback mechanism was agreed in RAN#104bis-e meeting, and the UE capability limits the UEs to transmit only one HARQ-ACK feedback including PUCCH per (sub-)slot (per TRP), additional enhancements would be needed to efficiently support CBG-based retransmissions for MBS when NACK-only feedback is used. Therefore, we believe that CBG-based retransmissions should not be specified for PTM.
Proposal 1: CBG-based retransmissions are not supported for PTM retransmissions.
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 [8] (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). Though, we will also address some aspects and open questions of ACK / NACK based feedback on UE-specific PUCCH resources, which is agreed and may be useful for small groups of UEs receiving a PTM service, in Section 2.1.1 before further discussing NACK-only feedback mode in Section 2.1.2.
[bookmark: _Ref70603239]ACK / NACK based HARQ-ACK feedback on UE-specific PUCCH resources 
In this section, we provide our view on PUCCH-config configuration for ACK / NACK based HARQ-ACK feedback and identify further aspects that needs consideration about this topic. We also share our view on multiple HARQ-ACK including PUCCHs per slot, a topic that was discussed in the last meeting.

PUCCH-config Configuration
In RAN1#104-e and RAN1#104bis-e meetings, the following agreements were made regarding PUCCH-config configuration of ACK / NACK based HARQ-ACK feedback [4][5], respectively:
Agreement:
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 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 

In our view, the gNB shall be able to flexibly configure the UE to use one of the unicast PUCCH-configs for at least some of the MBS services that the UE receives, and configure the usage of one of the multicast PUCCH-configs for other MBS services. This may be beneficial, since there may occur some capacity problems with multicast PUCCH-configs, and the unicast ones can be used, as this brings more flexibility to the gNB. In addition, we expect that there can be up to two new PUCCH-configs (e.g. like the agreed PUCCH-ConfigurationList for ACK / NACK) also for NACK-only feedback mechanism. Therefore, the gNB shall freely select which PUCCH-config to use for each service, and even for each transport block, if needed. A new mechanism can also pave the way to switching between ACK / NACK and NACK-only feedback depending on different conditions for a specific service, e.g. PTM group size.
Observation 1: The gNB shall be able to configure the usage of one of the unicast PUCCH-configs (low / high priority unicast) for some of the MBS services that the UE receives, and configure the usage of the one of the multicast PUCCH-configs (low / high priority ACK / NACK or low / high priority NACK-only[footnoteRef:2]) for some other MBS services.  [2:  A new PUCCH-config to be defined for the NACK-only feedback mechanism was agreed in RAN#104-e meeting, however the details are FFS.] 

Proposal 2: A new mechanism is defined for the gNB to configure which PUCCH-config to use for each MBS service, or even for the feedback of each transport block, if needed. The mechanism is down-selected from one or more of the following options:
1- RRC configuration of the PUCCH-config ID to be used for all MBS services with a specific priority level (i.e., priority 0 or 1).
2- RRC configuration of the PUCCH-config ID to be used for a specific MBS service, where the configuration can be an addition to the G-RNTI configuration.
3- DCI indication of the PUCCH-config ID to be used for the HARQ-ACK feedback of the corresponding scheduled PDSCH TB.
In addition, which PUCCH-config to use in case of PTP based retransmissions of an MBS service should also be specified. The UE can either use one of the unicast or multicast PUCCH-configs. This can either be configured by a new mechanism that is similar to the one in the above proposal for the initial transmissions. On the other hand, the UE can also be configured to use the same PUCCH-config to the one it used for the HARQ-ACK feedback of initial transmissions, or the UE can directly use the unicast PUCCH-config. 
Proposal 3: Which PUCCH-config to utilize upon PTP based retransmission of an MBS service by the UE to send its HARQ-ACK feedback is down-selected from one or more of the following options:
1- A new mechanism similar to the one in previous proposal, which aims at initial transmissions, is defined.
2- The same PUCCH-config with the one used upon initial transmission of the same TB is used.
3- [bookmark: _Ref68107973][bookmark: _Ref54190956]The UE uses the unicast PUCCH-config.
Transmission of Multiple HARQ-ACK Including PUCCHs per Slot

Moreover, the following proposal was made but not agreed yet in RAN1#104bis-e meeting [9]:

At least for ACK/NACK based HARQ-ACK feedback for RRC_CONNECTED UEs receiving multicast, the following feature is/are supported in specification:
· FFS: support sub-slot based PUCCH for multicast 
· FFS: support two non-overlapping slot-based PUCCHs for multicast of the same priority in the same slot.
· FFS: support two non-overlapping slot-based PUCCHs for multicast with different priorities in the same slot.
· support two non-overlapping slot-based PUCCHs for multicast and unicast, respectively, with different priorities, in the same slot.
· FFS: support of two non-overlapping slot-based PUCCHs for multicast and unicast, respectively, with the same priority, in the same slot. 
· Note: UE capability will be separately discussed.

Firstly, we would like to clarify the understanding of how the above procedures work at Rel-15 / 16 for unicast, since there were misunderstandings in the previous meeting. 

Based on the sub-slot based architecture of Rel-16, the UE is able to provide its HARQ-ACK feedback at each sub-slot, and there can be either 2 or 7 sub-slots per slot. Both the low and high priority PUCCH-config can be configured in sub-slot based architecture. Same prioritization and multiplexing rules with the ones used for slot based architecture are applied in the sub-slot granularity.

Observation 2: In Rel-16, the UE is able to provide its HARQ-ACK feedback at each sub-slot, and there can be either 2 or 7 sub-slots per slot. Both the low and high priority PUCCH-config can be configured with sub-slot based architecture.

Moreover, in Rel-16 multi-TRP operation, the UE can be configured with ackNackFeedbackMode-r16 = separate, so that the UE can transmit two non-overlapping PUCCHs including HARQ-ACK feedback per (sub-) slot, i.e., one for each TRP.  

Observation 3: In Rel-16 multi-TRP operation, the UE can be configured with ackNackFeedbackMode-r16 = separate, so that the UE can transmit two non-overlapping PUCCHs including HARQ-ACK feedback per (sub-)slot, i.e., one for each TRP.  

In our view, both above mechanisms can be supported also for multicast, as we haven’t determined any restrictive limitations for the UEs in case of MBS in this context to not to support them. However, in the case of NACK-only based HARQ-ACK feedback, we need enhancements on top of the above mechanisms, which will be discussed in Section 2.1.2.
Proposal 4: Rel-16 sub-slot based PUCCH configurations and mechanisms are supported also for at least UE-specific ACK / NACK based feedback for MBS.
Proposal 5: As in Rel-16 unicast operation, the UE receiving MBS services, based on UE capability, support multi-TRP operation configured with ackNackFeedbackMode-r16 = separate, i.e., the UE can transmit two non-overlapping PUCCHs including HARQ-ACK feedback per (sub-)slot, i.e., one for each TRP.
[bookmark: _Ref70678579]NACK-only based HARQ-ACK feedback on group-common PUCCH resources 
In RAN1#104bis-e meeting, the following agreement was made [5]: 
Agreement:
Support NACK-only based HARQ-ACK feedback for RRC_CONNECTED UEs receiving multicast

Based on detailed analysis, link-level and system-level simulation results presented in [8], we have the following observations for group-common NACK-only based HARQ-ACK feedback mechanism:

Observation 4: We believe that the NACK-only feedback on group-common PUCCH resources should be the preferred HARQ-ACK feedback mechanism for PTM for the following reasons:

1. In scenarios with an MBS audience of a meaningful size, i.e., where PTM is actually superior to using multiple PTP transmissions, the use of NACK-only feedback does not degrade spectral efficiency of the MBS data delivery.
2. In scenarios with an MBS audience of a meaningful size, PUCCH overhead of NACK-only feedback is—even with additional PTM-specific CSI reporting—considerably lower than what is required in the case of ACK / NACK feedback.
3. Excessive PUCCH capacity requirements of ACK / NACK feedback in case of a very large MBS audience.
4. In combination with SPS there is no risk of DTX / ACK ambiguity in NACK-only feedback once the UE has received the SPS configuration and activation.


PUCCH Format

Furthermore, the following proposal was made but not agreed yet in RAN1#104-e meeting [6], since the focus was more on the agreement of the NACK-only based feedback mechanism:

For NACK-only based feedback if supported for RRC_CONNECTED UEs receiving multicast, support PUCCH format 0 and PUCCH format 1. 

In our view, both PUCCH format 0 and 1 should be supported for NACK-only based HARQ-ACK feedback since they offer expand the range of channel conditions that can be reliably supported. 

Proposal 6: For NACK-only based feedback for RRC_CONNECTED UEs receiving multicast, support PUCCH format 0 and PUCCH format 1. 

PUCCH-config Configuration
In addition, the following agreement was made in RAN1#103-e meeting [3]:
Agreement:
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

We believe that the definition of the PUCCH resource configuration as stated in the agreement could be understood differently by different companies (one of PUCCH-config / PUCCH resource set / PUCCH resource) and we raised our concern in RAN1#104-e and RAN1#104bis-e meetings during e-mail discussions [6][9]. Although FL has clarified in [6] that the agreement reflects a new PUCCH-config for NACK-only, we think that this issue should be further clarified for a better understanding of the RAN1 group.
Observation 5: The definition of the PUCCH resource configuration as stated in the agreement could be ambiguous. Although FL has clarified, during RAN1#104-e meeting email discussions [6], that the agreement reflects a new PUCCH-config for NACK-only, the issue should be further explained to the RAN1 group.
Proposal 7: For RRC_CONNECTED UEs receiving multicast, for NACK-only based HARQ-ACK feedback PUCCH-config for HARQ-ACK feedback from per UE perspective is separate from PUCCH-config for HARQ-ACK feedback for unicast and from optional PUCCH-config for ACK / NACK feedback for MBS.
Moreover, as agreed for the ACK / NACK based HARQ-ACK feedback for multicast, a separate PUCCH-ConfigurationList for NACK-only based feedback of multicast should be configured, which can be a list that includes up to 2 PUCCH-config configurations corresponding to low priority and high priority HARQ-ACK feedback.
Proposal 8: For a separate PUCCH-ConfigurationList for multicast that is configured for NACK-only 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 and high priority feedback, respectively.
· FFS other configurations

PUCCH Capacity Limitation of NACK-only HARQ-ACK Feedback

There are various scenarios, in which a UE might be asked to provide multiple HARQ-ACK feedback bits per slot: downlink-heavy TDD configuration, reception of PTP and PTM data in different PDSCH transmissions in the same slot, reception of multiple PTM services in different PDSCH transmissions in the same slot and possibly even CBG-based feedback. Even if some of these scenarios can be circumvented, e.g., by expedient inter-slot TDM between PTP and PTM or between PTM service transmissions, the basic problem with NACK-only feedback persists, namely that only a single bit can be carried per transmission and that a UE may currently only transmit one PUCCH at a (sub-)slot per TRP, i.e., the capacity for providing HARQ-ACK feedback in the uplink is limited. A solution is needed to increase the feedback capacity in order to avoid negative impact on user plane capacity. 

Observation 6: In order to not have capacity limitations in terms of group common NACK-only feedback capacity constraining the DL capacity in various system configurations and scenarios, there is a need to alleviate the limitations on NACK-only feedback capacity.

A number of possible different solutions are discussed below. They have the following common basis:
· PUCCH resources of formats 0 or 1 are used to carry a single NACK.
· If for a UE a scheduled group-common PUCCH resource for PTM NACK-only feedback conflicts, i.e., overlaps in time, with a UE-specific PUCCH resource for other UCIs, such as PTP HARQ-ACK feedback or CSI report, the UE should multiplex the PTM HARQ-ACK feedback with the other UCIs on the UE-specific PUCCH resource instead of using the group-common PUCCH resource, cf. e.g., [10], [11]. Details are described in Section 2.2.
· A new PUCCH resource set separate from the existing PUCCH resource sets (in the new PUCCH-config of NACK-only) is introduced for use for NACK-only feedback. As having group-common PUCCH resources constitutes the basic rationale behind using NACK-only feedback, the PUCCH resource set inside the PUCCH-config may expediently be common to all UEs in the cell, or at least to some groups of UEs, e.g., depending on respective PTM service interests, or channel conditions.


	Description
	Pros / Cons
	Standard Impact

	Allow multiple HARQ-ACK feedback carrying PUCCHs per slot

	Using multiple PUCCHs of format 0 (1-2 symbols) per slot in time-multiplex.
Current PRI in DCI is used to index PUCCH resource to be used for feedback.
	Capacity of up to 14 PTM NACKs per slot can be provided.
Sufficient for 9:1 DL:UL TDD if only a single NACK-only resource is required per DL slot.
However, current PRI (3 bit) allows indexing of 8 PUCCH resources, i.e., at best 8 NACKs can be sent per slot without any flexibility in PUCCH resource selection to coordinate with other PUCCHs that are scheduled, e.g., for other UEs. 
	Remove restriction that only one PUCCH per slot may carry HARQ-ACK feedback.
Additional signalling bits or other implicit signalling means would be required to fully exploit NACK-only feedback capacity and to have some flexibility in coordination with other PUCCHs of other UEs. 

	Based on rel-16 sub-slot PUCCH

	Rely on sub-slot PUCCH mechanism, e.g., 7 sub-slots per slot for maximum capacity.
	Capacity of up to 7 PTM NACKs per slot can be provided. 
With ackNackFeedbackMode-r16 = separate 14 PTM NACKs per slot are feasible, but only 7 per TRP. 
Especially for DL-heavy TDD permissible range of PDSCH-to-HARQ_feedback and number of bits for K1 would have to be increased to not limit capacity and / or impose very stringent decoding delay requirements. PRI bits may be reused at the expense of reduced flexibility in PUCCH resource coordination to avoid need to change DCI size. Sufficient for 9:1 DL:UL TDD if only a single NACK-only resource is required per DL slot.
	Increase permissible range of PDSCH-to-HARQ_feedback and allow increase number of bits for K1, e.g., by allowing shifting of bits from PRI to K1.
Remove restriction that maximum 7 PTM NACKs per slot per TRP, and allow UEs to send 14 (same number with the total HARQ feedback allowed when mTRP).

	DL-heavy slot configuration

	Use existing DL-heavy slot formats, e.g., slot format 28 (12:1:1, D:F:U) to send PTM NACKs in last symbol of a slot.
	Only applicable to TDD.
Potentially considerable reduction of DL capacity by effectively spending 2 symbols per slot on PTM feedback.
	None.



Among these three the first two are universally applicable, require only limited changes to the specifications to achieve sufficient NACK-only feedback capacity and do not impose any significant strains on the UE complexity.

[bookmark: _Hlk61620627]Observation 7: Removing the constraint that a UE may only transmit one PUCCH carrying HARQ-ACK feedback per slot and / or making use of the sub-slot PUCCH concept only requires minor modifications to the standard in order to increase NACK-only feedback capacity.

Proposal 9: For a proper operation of NACK-only HARQ-ACK feedback for MBS, a UE can be optionally configured to support more than one PUCCH carrying HARQ-ACK feedback per slot with a method that is to be down-selected from the list below:
Option 1:  Allowing multiple HARQ-ACK feedback carrying PUCCHs per slot.
Option 2:  Based on Rel-16 sub-slot PUCCH mechanism.
Option 3:  DL-heavy slot configuration.

Outlier UEs in the PTM Group

In addition to the capacity issue of NACK-only feedback, 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 UEs may not be content with the reliability of the PTM 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. We will use the wording “outlier UEs” to refer to the UEs in worse channel conditions.
Observation 8: The UEs in significantly worse channel conditions than the others may request excessive amount of retransmissions on the group-common feedback resources, in addition to reporting CQI values that are significantly lower than what others report. QoS service requirement such as delay budget of the service for the UEs 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.
We propose that the feedback mechanism (and optionally CSI reporting) of “outlier UEs” in the PTM group can be disabled either by the gNB or by the UE itself. The UE may assess whether the reliability criteria is satisfied, and if it is 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 feedback (and CSI reporting).
Proposal 10: A new mechanism is adopted to disable HARQ-ACK feedback (and optionally CSI reporting) of the outlier UEs. This is down-selected from the following:
1. The gNB detects the outlier UEs and disables the HARQ-ACK feedback mechanism of those UEs.
2. The UE detects itself that it is an outlier UE (e.g. if the reliability criteria cannot be met for a specific amount of time) and disables its own HARQ-ACK feedback mechanism.
3. The UE detects itself that it is an outlier UE and sends a request to the gNB to disable its 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. That way, the UE’s feedback mechanism can be re-activated by the gNB, if its channel conditions improve. 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.

Proposal 11: The outlier UE re-activates its group-common HARQ-ACK feedback 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 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.

PUCCH Power Control

NACK-only HARQ-ACK feedback means that numerous UEs use the same “group-common” PUCCH resources. We have observed in [8] 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, and / or other PUCCH parameters such as usage of frequency hopping, or PUCCH format to be used.

To that end, the UEs should be configurable to report NACKs that they sent but that were not honoured by the respective requested retransmission (i.e., the UE expects a retransmission due to sending NACK, but does not receive it, i.e., missing DL retransmission). As the number of UEs responding with NACK typically decreases with every HARQ retransmission, this reporting needs to be done separately per HARQ transmission index. It could be sent either periodically, only upon request from the gNB or event-triggered on the UE side, i.e., a UE sends a report when the NACK-miss rate (e.g., proportion of missing DL retransmissions to corresponding number of NACKs sent by the UE) for some HARQ transmission index is above a certain maximum tolerated error rate corresponding to the tolerable PDSCH packet loss rate or crosses that error rate level in either direction. This information can be used by the gNB to adjust the parameters configured in the UEs for transmitting their NACK-only feedback.

Proposal 12: When NACK-only group-common HARQ-ACK feedback is used, UEs can be configured to report NACKs that they sent but that were not honoured by the respective requested retransmission (e.g., proportion of missing DL retransmissions to corresponding number of NACKs sent by the UE).
· This reporting is done separately per HARQ transmission index,
· Sent periodically, only upon request from the gNB or event-triggered on the UE side, i.e., a UE sends a report when the NACK-miss rate for some HARQ transmission index is above a certain maximum tolerated error rate or when it crosses that error rate in either direction.

On the other hand, to reduce high inter-cell interference levels (and energy saving as a side benefit), the UEs can be configured with a mechanism, where the UEs that satisfy the QoS criteria of the MBS service  even though dropping of the corresponding transport block may refrain from sending a NACK feedback for that transport block, although they cannot decode the transmission successfully. We have observed from our simulations that such kind of a mechanism can lead to on average 50% less NACK transmissions per transport block (cf. Appendix) with the provided simulation assumptions.

Proposal 13: To reduce possible high inter-cell interference levels when using group-common NACK-only feedback, the UEs can be configured with a mechanism, where the UEs that satisfy the QoS criteria of the MBS service even though dropping of the corresponding transport block may refrain from sending a NACK feedback for that transport block, although they cannot decode the transmission successfully.

Selection of different HARQ-ACK schemes for the UE
In our view, both ACK / NACK based HARQ-ACK feedback on UE-specific PUCCH resources and NACK-only based HARQ-ACK feedback on group-common PUCCH resources have different advantages. When using NACK-only based HARQ-ACK feedback, significant amount of PUCCH savings can be achieved, therefore NACK-only based HARQ-ACK feedback is more efficient especially when the PTM group is large. On the other hand, ACK / NACK based HARQ-ACK feedback on UE-specific PUCCH resources is a similar mechanism to the one used for conventional unicast transmissions, and the gNB can distinguish between the UEs that have successfully decoded a TB and the UEs that haven’t. We have also shown that the performance of the system in terms of SE and PLR are quite similar for different HARQ-ACK feedback schemes. In addition, V2X sidelink already supports both mechanisms, and their dynamic selection via DCI, so the concept is not something completely new to 3GPP. Thus, the UEs should support both ACK / NACK based HARQ-ACK feedback, and NACK-only based HARQ-ACK feedback. 

Moreover, selection among different schemes via dynamic or semi-static configuration should be further discussed by RAN1 group. In our view, dynamic configuration with a mechanism such as MAC-CE is needed, at least in case an outlier UE needs to be switched from NACK-only to ACK / NACK based feedback (and back to NACK-only feedback when needed), as elaborated in Section 2.1.2.

Proposal 14: A dynamic mechanism, such as switching via MAC-CE, is introduced to configure which HARQ-ACK feedback scheme is used by the UE.

[bookmark: _Ref68104776]HARQ-ACK Codebook / Multiplexing / Prioritization 
Enhanced Type-2 and Type-3 HARQ-ACK Codebook
In RAN1#104-e meeting, the following proposal was made but not agreed yet [6]:
For ACK/NACK based feedback for RRC_CONNECTED UEs receiving multicast, not support
· Enhanced Type-2 HARQ-ACK codebook. 
· Type-3 HARQ-ACK codebook.

Enhanced Type-2 codebook and the Type-3 HARQ-ACK codebook (Rel-16 Unlicensed Band features) target listen-before-talk (LBT) failure problems and give more opportunity to the UE to provide HARQ-ACK feedback. In our view, although those mechanisms may be beneficial for higher reliability, they are not more relevant for PTM than conventional PTP transmissions. Therefore, we do not believe that there is a special need for the enhanced Type-2 and Type-3 HARQ-ACK codebooks for PTM. 
[bookmark: _Hlk71619316]Proposal 15: For ACK / NACK based feedback for RRC_CONNECTED UEs receiving multicast, not support
· Enhanced Type-2 HARQ-ACK codebook. 
· Type-3 HARQ-ACK codebook.

Number of Priorities Defined for PTM and Prioritization / Multiplexing of HARQ-ACK
In RAN1#104-e and RAN1#104bis-e meetings, the following agreements were made [4][5], respectively, regarding the priorities defined for MBS:
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
· 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:
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. 

In our view, priorities defined for multicast can be equal to their unicast counterparts, e.g., low-priority unicast eMBB transmission has the same priority with low-priority multicast eMBB transmission. This would keep the consistency between unicast and multicast frameworks and would require minimum amount of additional standardization work. We do not foresee any new use cases that the Rel-16 framework would become insufficient.
[bookmark: _Hlk71619323]Proposal 16: Multicast priorities are equal to their unicast counterparts, e.g., low-priority unicast eMBB transmission has the same priority with low-priority multicast eMBB transmission.
Regarding the priority between HARQ-ACK feedback for multicast and other UCI / PUSCH for unicast, we propose that the existing framework of unicast should be re-used also for multicast. Again, this would require minimum amount of additional work. We do not foresee any new use cases that the Rel-16 framework would become insufficient.
[bookmark: _Hlk71619327]Proposal 17: Priority between HARQ-ACK feedback for multicast and other UCI (SR, CSI) / PUSCH for unicast follow the same rules between HARQ-ACK feedback for unicast and those channels.
Our view on DCI formats that support priority index can be found in our companion contribution [13] under agenda item 8.12.1.
Furthermore, the following agreement was made [4] 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. 

We propose that multiplexing of HARQ-ACK feedback of same priority and prioritization of different priorities 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, the UEs are not able to transmit HARQ-ACK feedback at more than one PUCCH resource within the same slot per TRP. The same applies in a sub-slot level in case sub-slot based PUCCH-config is configured. In addition, more discussions are needed on UE capabilities, and those should be held at the end of the WI, as this is the conventional procedure of RAN1, given that there may be multiple dependencies with as yet undefined features.
[bookmark: _Hlk71619335]Observation 9: Based on Rel-15 / 16 procedures, the UEs are not able to transmit HARQ-ACK feedback at more than one PUCCH resource within the same slot per TRP. The same rule applies in a sub-slot level for URLLC in case sub-slot based PUCCH-config is configured.
[bookmark: _Hlk71619342]Proposal 18: Multiplexing of HARQ-ACK feedback of same priority and prioritizing of HARQ-ACK feedback of different priorities are supported in case PUCCH transmissions are in the same (sub-)slot, not only when the corresponding PUCCH resources physically overlap.
[bookmark: _Hlk71619346]Proposal 19: UE capabilities on multiplexing / prioritization are discussed at the end of the WI by RAN1 group, given that there may be multiple dependencies with as yet undefined features. 
Regarding the case of HARQ-ACK feedback for multicast and other UCI for unicast overlap in time, when the multiplexing conditions are satisfied, the handling of overlapping channels with the same priority (either high-priority URLLC or low-priority eMBB) can reuse Rel-15 / 16 handling rules. Prioritization rules can follow Rel-15 / 16 rules, as well. 
[bookmark: _Hlk71619356]Proposal 20: Rel-15 / 16 handling rules are followed for multiplexing / prioritization of HARQ-ACK with other UL transmissions.
On the other hand, because of the limitations of NACK-only HARQ-ACK feedback, the UEs cannot send a multiplexed feedback in a group-common PUCCH resource. Therefore, the methods proposed in Section 2.1.2 to increase the HARQ-ACK feedback capacity of NACK-only mechanism should be considered. In addition, if for a UE a scheduled group-common PUCCH resource for PTM NACK-only feedback overlaps in time with a UE-specific PUCCH resource for other UCIs that has the same priority or a PUSCH transmission, this UE should multiplex the PTM HARQ-ACK feedback (treating NACK-only as a 1-bit ACK / NACK feedback) with the other UCIs on the UE-specific PUCCH resource or with the PUSCH transmission. This would temporarily remove the disadvantage of NACK-only feedback over ACK / NACK feedback, i.e., the gNB would be aware of specific UEs’ successful / unsuccessful decoding of the corresponding TB.

[bookmark: _Hlk71619364]Proposal 21: If for a UE a scheduled group-common PUCCH resource for PTM NACK-only feedback overlaps in time with a UE-specific PUCCH resource for other UCIs or a PUSCH transmission with the same priority, this UE should multiplex the PTM HARQ-ACK feedback with the other UCIs on the UE-specific PUCCH resource or with the PUSCH transmission, by treating NACK-only feedback as a 1-bit ACK / NACK feedback.

Furthermore, the following agreement was made in last RAN1 meeting [5]:
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:
1. Alt.1: the last DCI for unicast;
2. Alt.2: the last DCI across unicast and multicast;

There are different disadvantages of both schemes. Regarding Alt. 1, the gNB may not be aware of a later MBS scheduling decision to be made at the time of sending prior unicast DCI. Thus, PUCCH scheduling may not be optimal for a multiplexed feedback of multicast and unicast. On the other hand, in case of Alt. 2, a common PRI value in the group-common DCI may be too restrictive to select an optimal PUCCH resource for the multiplexed unicast / multicast HARQ-ACK feedback. In our view, Alt. 1 is a better approach, since a later MBS scheduling at the time of unicast scheduling is not expected with high probability, so it can be seen as an edge case.   

[bookmark: _Hlk71619373]Observation 10: In Alt. 1, the gNB may not be aware of a later MBS scheduling decision to be made at the time of sending prior unicast DCI, and PUCCH scheduling may not be optimal for a multiplexed feedback of multicast and unicast. In Alt. 2, a common PRI value in the group-common DCI may be too restrictive to select an optimal PUCCH resource for the multiplexed unicast / multicast HARQ-ACK feedback.

[bookmark: _Hlk71619380]Proposal 22: Alt. 1 is supported, since a later MBS scheduling at the time of unicast scheduling is not expected with high probability.


Details of Type-1 and Type-2 HARQ-ACK Codebook Design
In RAN1#104-e and 104bis-e meetings, the following agreements were made regarding Type-2 HARQ-ACK codebook design [4][5]:
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. 
· FFS whether to support concatenating more than one Type-2 HARQ-ACK codebook for multicast. 

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. 

In case dynamic codebook (Type-2) is used for PTM, the UEs may be interested in and may be receiving different services. Thus, the DAI counter should be separate for each PTM service (and one DAI counter should be used for unicast services).
[bookmark: _Hlk71619395]Observation 11: When Type-2 HARQ-ACK codebook is used, the DAI counter should be separate for each PTM service (and one DAI counter should be used for unicast services), since the UEs in the PTM group may be interested in different services. Separate DAI counters naturally lead to construction of separate sub-codebooks.
The UE can map the received PDSCH TB to the corresponding MBS sub-codebook based on the group-common RNTI (G-RNTI) used to scramble the PDCCH and PDSCH transmissions, i.e., the PHY identification of PDSCH HARQ-ACK to sub-codebook mapping can be the group-common RNTI value. If the UE receives a transmission of a unicast service, scrambled with a UE-specific RNTI, PDSCH HARQ-ACK for the unicast service can be mapped to the separate sub-codebook that is constructed for unicast transmission.
[bookmark: _Hlk71619402]Proposal 23: When Type-2 HARQ-ACK codebook is used the PHY identification of PDSCH HARQ-ACK to MBS sub-codebook mapping is the group-common RNTI value.
Proposal 24: When Type-2 HARQ-ACK codebook is used the UE maps the PDSCH HARQ-ACK of unicast services scrambled with a UE-specific RNTI to the unicast sub-codebook.
The UE should follow a specific order of concatenation of the sub-codebooks to construct a HARQ-ACK codebook when the HARQ-ACK feedback of different services are scheduled for the same time instance, for the UE and the gNB to have the same understanding of the HARQ-ACK codebook. This can be done using the PHY identification of the sub-codebook, i.e., the RNTI value that is a 16-bit ID can be used and the concatenation can be made both in increasing or decreasing order of the RNTI values. 
[bookmark: _Hlk68180674]Proposal 25: When Type-2 HARQ-ACK codebook is used, the order of concatenation of the 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 RNTI values that are used to map PDSCH HARQ-ACK to MBS sub-codebook.

Moreover, in RAN1#104bis-e meeting, the following agreement and proposal were made regarding Type-1 HARQ-ACK codebook [5][9], respectively:
Agreement:
For ACK/NACK based feedback if supported for multicast, construction of Type-1 HARQ-ACK feedback 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 codebook construction for FDM-ed unicast and multicast. 
· FFS details of Type-1 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. 

For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast in the same slot with the same TRP to be multiplexed in the same PUCCH resource, consider the following options
· Opt 1: HARQ-ACK bits for all the PDSCH occasions over all the slots for unicast, precede, HARQ-ACK bits for all the PDSCH occasions over all the slots for multicast, for a given serving cell. 
· Opt 2: HARQ-ACK bits for all PDSCH occasions for unicast, precede, HARQ-ACK bits for all PDSCH occasions for multicast, within the same slot.
· Opt 3: HARQ-ACK bits for unicast precedes HARQ-ACK bits for multicast within one SLIV group where PDSCH occasions are overlapping. 
· Opt 4: HARQ-ACK bits for all the PDSCH occasions over all the slots for all serving cells for unicast, precede, HARQ-ACK bits for all the PDSCH occasions over all the slots for all serving cells for multicast. (This is similar to the joint Type-1 codebook for mTRP).
· Other options are not precluded.
· FFS for FDM-ed multicast and multicast.

In Rel-15 and Rel-16, the UE does not support two separate transport blocks (TBs) fully or partly overlapping in time. Therefore, construction of only one semi-static (Type-1) codebook (per prioritization in Rel-16) was enough for proper operation. However, since different MBS PDSCHs and unicast PDSCH may be FDM-ed based on UE capability in Rel-17, construction of only one semi-static codebook for different services is not possible for the PDSCH occasions of the FDM-ed transmissions with the same priority.
[bookmark: _Hlk71619431]Observation 12: Since different MBS PDSCHs and unicast PDSCH may be FDM-ed based on UE capability in Rel-17, construction of only one semi-static HARQ-ACK codebook using Rel-15 / 16 procedures for different services is not possible due to the PDSCH occasions of the FDM-ed transmissions with the same priority.
We propose that when ACK / NACK HARQ-ACK feedback on UE-specific resources is used as HARQ-ACK scheme for PTM, and when FDM-ed transmission of unicast and multicast are allowed, the UE constructs separate HARQ-ACK sub-codebooks for each MBS service and one sub-codebook for unicast services (as in case of Type-2 codebook, therefore maintaining commonalities between Type-1 and Type-2 HARQ-ACK codebook construction for MBS). Furthermore, the UE concatenates those sub-codebooks, and sends them in the same PUCCH resource in case their HARQ-ACK feedback is scheduled for the same time instance (slot or sub-slot), as well. Again, 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 / decreasing order of G-RNTI values for MBS sub-codebooks, which are preceded by the unicast sub-codebook. 
[bookmark: _Hlk71619439]Proposal 26: The UE constructs separate Type-1 HARQ-ACK sub-codebooks using Rel-15 / 16 mechanisms for each MBS service and one sub-codebook for unicast services, when FDM-ed transmissions of unicast are multicast are allowed.
[bookmark: _Hlk61620863]Proposal 27: 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 (slot or sub-slot).
Proposal 28: The PHY identification of PDSCH HARQ-ACK to MBS Type-1 sub-codebook mapping is the group-common RNTI value.
Proposal 29: The UE maps the PDSCH HARQ-ACK of unicast services scrambled with a UE-specific RNTI to the unicast Type-1 sub-codebook.
Proposal 30: 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 for Type-2 HARQ-ACK codebook.
Naturally, what we propose herein supports Opt 1 in the above proposal of the last meeting, where the HARQ-ACK bits for all the PDSCH occasions over all the slots for unicast, precede, HARQ-ACK bits for all the PDSCH occasions over all the slots for multicast, for a given serving cell. In addition, in case of multi-TRP, for ackNackFeedbackMode = joint, following the current specifications different HARQ-ACK codebooks for different TRPs can be concatenated after producing the codebooks per TRP with the proposed methods herein.
In case group-common NACK-only based feedback is used as the HARQ-ACK scheme, if there are no UE-specific PUCCH resources for unicast services, the UE is expected to send HARQ-ACK on allocated group-common PUCCH resources without any codebook construction. In case the UE has UE-specific HARQ-ACK resource for unicast services along with group-common NACK-only resource for PTM, we propose that the UE utilizes UE-specific PUCCH resource by constructing separate HARQ-ACK sub-codebooks as if ACK / NACK based approach is being used for PTM.
Moreover, based on the current standard, the UE is not capable of transmitting HARQ-ACK feedback at more than one PUCCH resource in the same time instance. Therefore, it should be an error case if the UE is scheduled to provide multiple group-common HARQ-ACK feedback at a time instance where the UE does not have UE-specific HARQ-ACK resources, unless the current restriction is changed.
[bookmark: _Hlk71619451]Proposal 31: When group-common NACK-only HARQ-ACK feedback is used as the HARQ-ACK scheme, in case the UE has UE-specific HARQ-ACK resource for unicast services along with group-common NACK-only resource for PTM, the UE utilizes the UE-specific PUCCH resource by constructing separate HARQ-ACK sub-codebooks, as if ACK / NACK based approach is being used for PTM.
Regarding Type-1 codebook overhead reduction, in case semi-static HARQ-ACK codebook is used, a NACK is sent even if there are no actual transmissions at a PDSCH occasion, leading to a significant amount of overhead. Thus, construction of different semi-static HARQ-ACK sub-codebooks, concatenation of them, and sending the concatenated total codebook using a PUCCH resource may cause problems in a resource limited system. Therefore, in a resource limited system, construction of semi-static HARQ-ACK sub-codebooks per PTM service can be avoided. Instead, for the FDM-ed PDSCH occasions, one unified bit can be included in the HARQ-ACK codebook that is to be constructed using the Rel-15 / 16 methods. This unified bit can be produced based on a logical “OR” or “AND” operation of the HARQ-ACK feedback for the FDM-ed TBs.
Enabling / disabling of this mechanism at the UE can be done via RRC signaling or DCI.
[bookmark: _Hlk71619458][bookmark: _Hlk68180689]Proposal 32: In a resource limited system, construction of semi-static HARQ-ACK sub-codebooks per PTM service can be avoided. Instead, for the FDM-ed PDSCH occasions, one unified bit can be included in the HARQ-ACK codebook that is to be constructed using the Rel-15 / 16 methods. This unified bit can be produced based on a logical “OR” or “AND” operation of the HARQ-ACK feedback for the FDM-ed TBs.
· Enabling / disabling of this unification mechanism at the UE can be done via RRC signaling or DCI.

Slot-Level Repetitions
In RAN1#104-e meeting, the following agreement was made [4]:
Agreement:
For slot-level repetition for group-common PDSCH for RRC_CONNECTED UEs receiving multicast,
· (Config A) UE can be optionally configured with pdsch-AggregationFactor.
· (Config B) UE can be optionally configured with TDRA table with repetitionNumber as part of the TDRA table. 
· If UE is configured with Config B, UE does not expect to be configured with Config A for the same group-common PDSCH.

Since different PTM services have different requirements, repetition number should be PTM service specific, as the UE may receive different services simultaneously. This can be easily achieved with Config B by the DCI indication of the appropriate repetition number for a specific service. However, for Config A, pdsch-AggregationFactor should be separate for each service to configure different number of repetitions for different services concurrently received by the UE.
[bookmark: _Hlk68180702]Observation 13: Different aggregation levels may be needed for each PTM service. Config A needs enhancements to achieve that.
[bookmark: _Hlk68180708]Proposal 33: For Config A, pdsch-AggregationFactor is per MBS service.

[bookmark: _Ref68180273]CSI Feedback Enhancement
In RAN1#103-e meeting, the following agreement was made [3] and no further agreements were made in 104-e and 104bis-e meetings:
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

We propose that the CQI measurements for MBS are not done based on any (instantaneous) CSI-RS measurements, but rather are based on actual (time-averaged) BLER measurements at the UE, since CSI-RS measurements can be affected by instantaneous interference fluctuations based on which the gNB should not adapt its multicast transmission. Our results in [8] indicate that it is better to only adapt the MCS slowly and rely on HARQ retransmissions to cater for fast fading fluctuations. 
New CQI measurements based on actual BLER measurements at the UE are especially necessary when using NACK-only group-common HARQ-ACK feedback, where the gNB cannot estimate BLER of the UEs due to lack of UE-specific resources. From the analysis we presented in [8], we observed that with 100-500ms CSI reporting periods, the system performance is almost the same as the equivalent UE-specific ACK-NACK configuration in terms of SE and PLR, but with a fraction of the UL overhead. Moreover, having a CSI reporting period of hundreds of milliseconds is another indicator why instantaneous fluctuation of CSI-RS measurements need not to be tracked. 
[bookmark: _Hlk68180715][bookmark: _Hlk61621040]Observation 14: Conventional CSI-RS based measurements can be affected by instantaneous interference fluctuations, and therefore are not the best metric for reporting back PTM transmission quality. 
[bookmark: _Hlk68180729]Proposal 34: When using NACK-only based HARQ-ACK feedback along with CSI reporting, CQI measurements are done based on actual (time-averaged) BLER measurements at the UEs, rather than (instantaneous) CSI-RS based measurements.
Since CSI-RS based measurements are to be avoided, enhancements are needed on existing CSI reporting utilized for unicast transmission, to have more compact forms of a CSI report for PTM, where only a WB-CQI or WB-CQI along with an RI can be reported, depending on the system configuration, as explained in detail in [12].
[bookmark: _Hlk68180737]Observation 15: Instead of CSI-RS based measurements, the UE can report a wideband channel quality indicator along with a rank indicator (RI) – if spatial multiplexing for PTM is supported by the system – for the gNB to perform the necessary link adaptation for the PTM transmission.
[bookmark: _Hlk68180750]Proposal 35: New compact CSI report formats are defined for multicast transmission, where only a CQI or CQI along with an RI can be reported, and these formats are used in CSI reporting when NACK-only based HARQ-ACK feedback on group-common PUCCH resources is used. 
Moreover, as shown in [12] the usage of a residual BLER (rBLER) instead of the conventional initial BLER (iBLER) target for AMC brings gains in terms of SE by the selection of a very high MCS and the transmission rate to be effectively adapted by HARQ retransmissions in relatively small steps to the rate that is achievable at the time of transmission, while also harvesting time diversity.
[bookmark: _Hlk68180756]Observation 16: The usage of rBLER brings gains in terms of SE, compared to conventional configuration of iBLER for PTP.
Therefore, when the delay budget allows this, we propose that for PTM an rBLER target can be used instead of an iBLER target measured on the first HARQ transmission. In addition, to account for different delay budget constraints, we propose that PTM CQI reporting as introduced above is not only based on a configurable BLER target, but additionally on a number NHARQ,CQI of HARQ transmissions per transport block after which the BLER should be measured, e.g., when NHARQ,CQI is equal to the maximum number of feasible HARQ transmissions, together with the residual BLER target as PTM-CQI configuration.
[bookmark: _Hlk68180774]Proposal 36: The configuration for CQI reporting for PTM is extended to include not only the reliability target but also the number of HARQ transmissions per transport block after which the reliability target should be met.

Enabling / Disabling HARQ-ACK Feedback
In RAN1#104-e meeting, the following agreement was made [4]:
Agreement:
[bookmark: _Hlk63422353]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.


Although significant gains are introduced by HARQ, in our view, at least there are some cases as illustrated in Section 2.1.2 where HARQ-ACK feedback of the UEs can be disabled by the gNB, and may be re-enabled after a while, for a better utilization of the resources, i.e., enabling / disabling of HARQ-ACK feedback per UE for MBS. On the other hand, we have observed from our simulations that a semi-statically enabling / disabling HARQ-ACK feedback would be enough, and we have not identified a case where more dynamicity would be needed, such as enabling / disabling HARQ-ACK feedback per HARQ transmission. Thus, in our view, valuable L1 signalling, i.e., DCI, is not needed for this purpose. In case dynamic indication of enabling / disabling is anyway desired, MAC-CE would be a more preferable option than DCI.

[bookmark: _Hlk68180780]Observation 17: Semi-static configuration of enabling / disabling HARQ-ACK feedback for an MBS service per UE is enough for the identified use cases, and more dynamicity is not needed.

On the other hand, when PTM transmission scheme 1 would be used, a new field in the group-common PDCCH or MAC-CE of the group-common PDSCH could enable / disable HARQ-ACK feedback only for the whole PTM group, but could not configure HARQ-ACK per UE without additional mechanisms. Thus, additional UE-specific signalling, such as reserving a specific PRI value (e.g. 0) in the DCI of UE-specific PDCCH to indicate that no HARQ-ACK feedback is to be sent, would be needed for that purpose.  

[bookmark: _Hlk68180785]Observation 18: When PTM transmission scheme 1 is used, DCI based enabling / disabling of HARQ-ACK feedback can only be done in a group basis, and the UEs cannot be individually configured, which is needed for better resource utilization. 

In the light of above justifications, RRC based enabling / disabling of HARQ-ACK feedback should be used for MBS per UE.

[bookmark: _Hlk68180802]Proposal 37: RRC-based enabling / disabling (Option 2) of HARQ-ACK feedback is used for MBS and Option 3 is not supported.

Proposal 38: If use cases that require dynamic enabling / disabling are found, MAC-CE is preferred over the methods proposed in Option 3.

In case group-common NACK-only HARQ-ACK feedback is used, then the configuration of group-common PUCCH resources can implicitly enable HARQ-ACK feedback. However, when UE-specific ACK / NACK based HARQ-ACK feedback is used, RRC should explicitly enable / disable HARQ-ACK feedback. 

HARQ-ACK Feedback for SPS
In RAN1#104-e meeting, the following agreement was made [4]:
Agreement: ​
For RRC_CONNECTED UEs, support HARQ-ACK feedback for SPS group-common PDSCH for MBS​
· FFS: The retransmission scheme(s)​
· FFS: The HARQ-ACK details for SPS PDSCH and activation/deactivation, which can be discussed in AI 8.12.2

Retransmission schemes for SPS are discussed in [13] under agenda item 8.12.1.
Firstly, we believe that both ACK / NACK and NACK-only HARQ-ACK feedback schemes should be supported also in case of SPS transmissions, as the benefits of both mechanisms that have been heavily discussed are also valid in case when the PDSCH TBs are configured via SPS. 
[bookmark: _Hlk68180813]Proposal 39: Both ACK / NACK and NACK-only based HARQ-ACK feedback schemes are supported also in case of SPS.
In case of ACK / NACK HARQ-ACK feedback, the UEs would be providing their feedback as in the case of unicast SPS, i.e., from UE-specific PUCCH resources that are indicated via n1PUCCH-AN in the SPS-config, upon successful / unsuccessful decoding of PDSCH TBs. On the other hand, NACK-only HARQ feedback needs further consideration, especially for the reliability of SPS activation and deactivation grants. Since the UE-specific PUCCH resources are not used to send feedback of SPS PDSCH TBs, the gNB cannot distinguish which UEs have successfully received the SPS grant. Thus, new mechanisms are needed for the gNB to ensure that the SPS grants are received by all the UEs receiving multicast service, e.g., blind repetition of the SPS grant. Blind repetitions of the SPS grant can increase its reliability, however, this mechanism itself also cannot ensure that all the UEs receive the SPS grant successfully.
[bookmark: _Hlk68180832]Observation 19: In case of NACK-only feedback is used as the feedback mechanism of SPS PDSCH transmissions, the gNB cannot determine by looking at the group-common PUCCH resources which UEs have received the SPS activation / deactivation grants successfully.
[bookmark: _Hlk68180823]Proposal 40: Enhancements to SPS activation / deactivation mechanisms are needed to have reliable SPS grant in case of NACK-only feedback is used, in particular a mechanism for the gNB to be certain that all UEs have received the SPS grant would be desirable.
Considering that we want to also cater for scenarios with very large UE audiences, which also lead to the proposal of NACK-only HARQ feedback, 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]Proposal 41: 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 42: 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 43: 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.

Conclusions
In this contribution, we have discussed various aspects of this WI. From those discussions we have the following observations:
Observation 1: The gNB shall be able to configure the usage of one of the unicast PUCCH-configs (low / high priority unicast) for some of the MBS services that the UE receives, and configure the usage of the one of the multicast PUCCH-configs (low / high priority ACK / NACK or low / high priority NACK-only) for some other MBS services. 
Observation 2: In Rel-16, the UE is able to provide its HARQ-ACK feedback at each sub-slot, and there can be either 2 or 7 sub-slots per slot. Both the low and high priority PUCCH-config can be configured with sub-slot based architecture.

Observation 3: In Rel-16 multi-TRP operation, the UE can be configured with ackNackFeedbackMode-r16 = separate, so that the UE can transmit two non-overlapping PUCCHs including HARQ-ACK feedback per (sub-)slot, i.e., one for each TRP
Observation 4: We believe that the NACK-only feedback on group-common PUCCH resources should be the preferred HARQ-ACK feedback mechanism for PTM for the following reasons:

1. In scenarios with an MBS audience of a meaningful size, i.e., where PTM is actually superior to using multiple PTP transmissions, the use of NACK-only feedback does not degrade spectral efficiency of the MBS data delivery.
2. In scenarios with an MBS audience of a meaningful size, PUCCH overhead of NACK-only feedback is—even with additional PTM-specific CSI reporting—considerably lower than what is required in the case of ACK / NACK feedback.
3. Excessive PUCCH capacity requirements of ACK / NACK feedback in case of a very large MBS audience.
4. In combination with SPS there is no risk of DTX / ACK ambiguity in NACK-only feedback once the UE has received the SPS configuration and activation.

Observation 5: The definition of the PUCCH resource configuration as stated in the agreement could be ambiguous. Although FL has clarified, during RAN1#104-e meeting email discussions [6], that the agreement reflects a new PUCCH-config for NACK-only, the issue should be further explained to the RAN1 group.
Observation 6: In order to not have capacity limitations in terms of group common NACK-only feedback capacity constraining the DL capacity in various system configurations and scenarios, there is a need to alleviate the limitations on NACK-only feedback capacity.

Observation 7: Removing the constraint that a UE may only transmit one PUCCH carrying HARQ-ACK feedback per slot and / or making use of the sub-slot PUCCH concept only requires minor modifications to the standard in order to increase NACK-only feedback capacity.

Observation 8: The UEs in significantly worse channel conditions than the others may request excessive amount of retransmissions on the group-common feedback resources, in addition to reporting CQI values that are significantly lower than what others report. QoS service requirement such as delay budget of the service for the UEs 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 9: Based on Rel-15 / 16 procedures, the UEs are not able to transmit HARQ-ACK feedback at more than one PUCCH resource within the same slot per TRP. The same rule applies in a sub-slot level for URLLC in case sub-slot based PUCCH-config is configured.
Observation 10: In Alt. 1, the gNB may not be aware of a later MBS scheduling decision to be made at the time of sending prior unicast DCI, and PUCCH scheduling may not be optimal for a multiplexed feedback of multicast and unicast. In Alt. 2, a common PRI value in the group-common DCI may be too restrictive to select an optimal PUCCH resource for the multiplexed unicast / multicast HARQ-ACK feedback.

Observation 11: When Type-2 HARQ-ACK codebook is used, the DAI counter should be separate for each PTM service (and one DAI counter should be used for unicast services), since the UEs in the PTM group may be interested in different services. Separate DAI counters naturally lead to construction of separate sub-codebooks.
Observation 12: Since different MBS PDSCHs and unicast PDSCH may be FDM-ed based on UE capability in Rel-17, construction of only one semi-static HARQ-ACK codebook using Rel-15 / 16 procedures for different services is not possible due to the PDSCH occasions of the FDM-ed transmissions with the same priority.
Observation 13: Different aggregation levels may be needed for each PTM service. Config A needs enhancements to achieve that.
Observation 14: Conventional CSI-RS based measurements can be affected by instantaneous interference fluctuations, and therefore are not the best metric for reporting back PTM transmission quality. 
Observation 15: Instead of CSI-RS based measurements, the UE can report a wideband channel quality indicator along with a rank indicator (RI) – if spatial multiplexing for PTM is supported by the system – for the gNB to perform the necessary link adaptation for the PTM transmission.
Observation 16: The usage of rBLER brings gains in terms of SE, compared to conventional configuration of iBLER for PTP.
Observation 17: Semi-static configuration of enabling / disabling HARQ-ACK feedback for an MBS service per UE is enough for the identified use cases, and more dynamicity is not needed.

Observation 18: When PTM transmission scheme 1 is used, DCI based enabling / disabling of HARQ-ACK feedback can only be done in a group basis, and the UEs cannot be individually configured, which is needed for better resource utilization. 

Observation 19: In case of NACK-only feedback is used as the feedback mechanism of SPS PDSCH transmissions, the gNB cannot determine by looking at the group-common PUCCH resources which UEs have received the SPS activation / deactivation grants successfully.
According to those observations we have the following proposals:
Proposal 1: CBG-based retransmissions are not supported for PTM retransmissions.
Proposal 2: A new mechanism is defined for the gNB to configure which PUCCH-config to use for each MBS service, or even for the feedback of each transport block, if needed. The mechanism is down-selected from one or more of the following options:
1- RRC configuration of the PUCCH-config ID to be used for all MBS services with a specific priority level (i.e., priority 0 or 1).
2- RRC configuration of the PUCCH-config ID to be used for a specific MBS service, where the configuration can be an addition to the G-RNTI configuration.
3- DCI indication of the PUCCH-config ID to be used for the HARQ-ACK feedback of the corresponding scheduled PDSCH TB.
Proposal 3: Which PUCCH-config to utilize upon PTP based retransmission of an MBS service by the UE to send its HARQ-ACK feedback is down-selected from one or more of the following options:
1- A new mechanism similar to the one in previous proposal, which aims at initial transmissions, is defined.
2- The same PUCCH-config with the one used upon initial transmission of the same TB is used.
3- The UE uses the unicast PUCCH-config.
Proposal 4: Rel-16 sub-slot based PUCCH configurations and mechanisms are supported also for at least UE-specific ACK / NACK based feedback for MBS.
Proposal 5: As in Rel-16 unicast operation, the UE receiving MBS services, based on UE capability, support multi-TRP operation configured with ackNackFeedbackMode-r16 = separate, i.e., the UE can transmit two non-overlapping PUCCHs including HARQ-ACK feedback per (sub-)slot, i.e., one for each TRP.
Proposal 6: For NACK-only based feedback for RRC_CONNECTED UEs receiving multicast, support PUCCH format 0 and PUCCH format 1. 

Proposal 7: For RRC_CONNECTED UEs receiving multicast, for NACK-only based HARQ-ACK feedback PUCCH-config for HARQ-ACK feedback from per UE perspective is separate from PUCCH-config for HARQ-ACK feedback for unicast and from optional PUCCH-config for ACK / NACK feedback for MBS.
Proposal 8: For a separate PUCCH-ConfigurationList for multicast that is configured for NACK-only 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 and high priority feedback, respectively.
· FFS other configurations

Proposal 9: For a proper operation of NACK-only HARQ-ACK feedback for MBS, a UE can be optionally configured to support more than one PUCCH carrying HARQ-ACK feedback per slot with a method that is to be down-selected from the list below:
Option 1:  Allowing multiple HARQ-ACK feedback carrying PUCCHs per slot.
Option 2:  Based on Rel-16 sub-slot PUCCH mechanism.
Option 3:  DL-heavy slot configuration.

Proposal 10: A new mechanism is adopted to disable HARQ-ACK feedback (and optionally CSI reporting) of the outlier UEs. This is down-selected from the following:
1. The gNB detects the outlier UEs and disables the HARQ-ACK feedback mechanism of those UEs.
2. The UE detects itself that it is an outlier UE (e.g. if the reliability criteria cannot be met for a specific amount of time) and disables its own HARQ-ACK feedback mechanism.
3. The UE detects itself that it is an outlier UE and sends a request to the gNB to disable its feedback (e.g. using a specific CQI value such as CQI 0).
Proposal 11: The outlier UE re-activates its group-common HARQ-ACK feedback 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 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.

Proposal 12: When NACK-only group-common HARQ-ACK feedback is used, UEs can be configured to report NACKs that they sent but that were not honoured by the respective requested retransmission (e.g., proportion of missing DL retransmissions to corresponding number of NACKs sent by the UE).
· This reporting is done separately per HARQ transmission index,
· Sent periodically, only upon request from the gNB or event-triggered on the UE side, i.e., a UE sends a report when the NACK-miss rate for some HARQ transmission index is above a certain maximum tolerated error rate or when it crosses that error rate in either direction.

Proposal 13: To reduce possible high inter-cell interference levels when using group-common NACK-only feedback, the UEs can be configured with a mechanism, where the UEs that satisfy the QoS criteria of the MBS service even though dropping of the corresponding transport block may refrain from sending a NACK feedback for that transport block, although they cannot decode the transmission successfully.

Proposal 14: A dynamic mechanism, such as switching via MAC-CE, is introduced to configure which HARQ-ACK feedback scheme is used by the UE.

Proposal 15: For ACK / NACK based feedback for RRC_CONNECTED UEs receiving multicast, not support
· Enhanced Type-2 HARQ-ACK codebook. 
· Type-3 HARQ-ACK codebook.

Proposal 16: Multicast priorities are equal to their unicast counterparts, e.g., low-priority unicast eMBB transmission has the same priority with low-priority multicast eMBB transmission.
Proposal 17: Priority between HARQ-ACK feedback for multicast and other UCI (SR, CSI) / PUSCH for unicast follow the same rules between HARQ-ACK feedback for unicast and those channels.
Proposal 18: Multiplexing of HARQ-ACK feedback of same priority and prioritizing of HARQ-ACK feedback of different priorities are supported in case PUCCH transmissions are in the same (sub-)slot, not only when the corresponding PUCCH resources physically overlap.
Proposal 19: UE capabilities on multiplexing / prioritization are discussed at the end of the WI by RAN1 group, given that there may be multiple dependencies with as yet undefined features. 
Proposal 20: Rel-15 / 16 handling rules are followed for multiplexing / prioritization of HARQ-ACK with other UL transmissions.
Proposal 21: If for a UE a scheduled group-common PUCCH resource for PTM NACK-only feedback overlaps in time with a UE-specific PUCCH resource for other UCIs or a PUSCH transmission with the same priority, this UE should multiplex the PTM HARQ-ACK feedback with the other UCIs on the UE-specific PUCCH resource or with the PUSCH transmission, by treating NACK-only feedback as a 1-bit ACK / NACK feedback.

Proposal 22: Alt. 1 is supported, since a later MBS scheduling at the time of unicast scheduling is not expected with high probability.

Proposal 23: When Type-2 HARQ-ACK codebook is used the PHY identification of PDSCH HARQ-ACK to MBS sub-codebook mapping is the group-common RNTI value.
Proposal 24: When Type-2 HARQ-ACK codebook is used the UE maps the PDSCH HARQ-ACK of unicast services scrambled with a UE-specific RNTI to the unicast sub-codebook.
Proposal 25: When Type-2 HARQ-ACK codebook is used, the order of concatenation of the 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 RNTI values that are used to map PDSCH HARQ-ACK to MBS sub-codebook.
Proposal 26: The UE constructs separate Type-1 HARQ-ACK sub-codebooks using Rel-15 / 16 mechanisms for each MBS service and one sub-codebook for unicast services, when FDM-ed transmissions of unicast are multicast are allowed.
Proposal 27: 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 (slot or sub-slot).
Proposal 28: The PHY identification of PDSCH HARQ-ACK to MBS Type-1 sub-codebook mapping is the group-common RNTI value.
Proposal 29: The UE maps the PDSCH HARQ-ACK of unicast services scrambled with a UE-specific RNTI to the unicast Type-1 sub-codebook.
Proposal 30: 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 for Type-2 HARQ-ACK codebook.
Proposal 31: When group-common NACK-only HARQ-ACK feedback is used as the HARQ-ACK scheme, in case the UE has UE-specific HARQ-ACK resource for unicast services along with group-common NACK-only resource for PTM, the UE utilizes the UE-specific PUCCH resource by constructing separate HARQ-ACK sub-codebooks, as if ACK / NACK based approach is being used for PTM.
Proposal 32: In a resource limited system, construction of semi-static HARQ-ACK sub-codebooks per PTM service can be avoided. Instead, for the FDM-ed PDSCH occasions, one unified bit can be included in the HARQ-ACK codebook that is to be constructed using the Rel-15 / 16 methods. This unified bit can be produced based on a logical “OR” or “AND” operation of the HARQ-ACK feedback for the FDM-ed TBs.
· Enabling / disabling of this unification mechanism at the UE can be done via RRC signaling or DCI.
Proposal 33: For Config A, pdsch-AggregationFactor is per MBS service.
Proposal 34: When using NACK-only based HARQ-ACK feedback along with CSI reporting, CQI measurements are done based on actual (time-averaged) BLER measurements at the UEs, rather than (instantaneous) CSI-RS based measurements.
Proposal 35: New compact CSI report formats are defined for multicast transmission, where only a CQI or CQI along with an RI can be reported, and these formats are used in CSI reporting when NACK-only based HARQ-ACK feedback on group-common PUCCH resources is used. 
Proposal 36: The configuration for CQI reporting for PTM is extended to include not only the reliability target but also the number of HARQ transmissions per transport block after which the reliability target should be met.
Proposal 37: RRC-based enabling / disabling (Option 2) of HARQ-ACK feedback is used for MBS and Option 3 is not supported.

Proposal 38: If use cases that require dynamic enabling / disabling are found, MAC-CE is preferred over the methods proposed in Option 3.

Proposal 39: Both ACK / NACK and NACK-only based HARQ-ACK feedback schemes are supported also in case of SPS.
Proposal 40: Enhancements to SPS activation / deactivation mechanisms are needed to have reliable SPS grant in case of NACK-only feedback is used, in particular a mechanism for the gNB to be certain that all UEs have received the SPS grant would be desirable.
Proposal 41: 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 42: 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 43: 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.
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[bookmark: _Ref71281107]Appendix
In this section, we provide our system-level simulation results regarding NACK-only based HARQ-ACK feedback.
Our simulation assumptions can be found in our contribution to the previous meeting [8]. In addition to the provided assumptions, the UEs do not transmit NACK on the group-common PUCCH resource in case their time-averaged BLER is below the reliability target (1% BLER). Figure 1 illustrates the CDF of the UEs that send NACKs per transport block across all possible 8 HARQ transmissions for the same transport block. As provided in the simulation assumptions, on average there are 20 UEs / cell in our evaluation.
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[bookmark: _Ref71281607]Figure 1
The blue curve in Figure 1 shows the CDF of the percentage of UEs sending NACKs per transport block, in case the conventional NACK-only feedback mechanism is used, where the CSI reporting period is 100ms (which is found as a periodicity of CSI feedback that leads to a similar performance to the UE-specific ACK / NACK based mechanism’s performance in terms of spectral efficiency and packet loss rate). The orange curve illustrates the same metric when the UEs further refrain from sending their NACK feedback (and do not send any HARQ feedback) if their time-averaged BLER is below the reliability target of 1%, i.e., if they satisfy the BLER criterion even when the corresponding transport block is dropped.
It can be observed that the average number of UEs sending NACK per transport block decreases from 31% to 16% (~50% reduction of NACK transmissions per transport block). That, in turn, decreases the inter-cell interference, as well as saving power, at the UEs refraining from making PUCCH transmissions.
image1.jpg
CDF —>

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

X 0.16 Y 0.6486
Y 0.6048 /'

Conventional NACK-only FB on Common PUCCH and 0.1s CSI Reporting Period
== Same with NACK->ACK Faking when time-averaged BLER < 1%

Data tips show the mean of the distributions
. . . . . . N .

0.1

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Percentage of UEs Sending NACK [per TB] >




