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1. Introduction
In RAN#86 meeting, the work item of NR support of Multicast and Broadcast Services has been approved [1]. The followings have been identified as the objectives related with physical layer of the work item.
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
· 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.
· [bookmark: _Hlk47347546][bookmark: _Hlk47366295][bookmark: _Hlk47362778]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]
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:
· Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. [RAN2, RAN1].
Note: the possibility of receiving Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, without the need for those UEs to get the configuration of the PTM bearer carrying the Broadcast/Multicast service while in RRC CONNECTED state beforehand, is subject to verification of service subscription and authorization assumptions during the WI. 

In RAN1 #104 e-meeting, the following agreements was made regarding the mechanisms to improve reliability for RRC_CONNECTED UEs [2].
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:
[bookmark: _Hlk68032757]The priority for HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast can be, 
· [bookmark: _Hlk68033253]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:
[bookmark: _Hlk68208581]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 RRC_CONNECTED UEs receiving multicast, support the following:
· ACK/NACK based HARQ-ACK feedback for multicast, 
· It is up to network to configure orthogonal PUCCH resources among UEs within the same group. 
· FFS: NACK-only based HARQ-ACK feedback for multicast, 
· It is up to network to configure the PUCCH resources and the PUCCH resources can be shared among UEs within the same group. 
· FFS details. 

Agreement:
[bookmark: _Hlk68625857][bookmark: _Hlk68250175]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:
For ACK/NACK based feedback if supported for multicast, construction of Type-1 HARQ-ACK codebook based on the union of the PDSCH TDRA sets of the unicast service and the multicast service (if they are separately configured), at least of the same priority, is supported
· FFS details of Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast. 
· FFS details of Type-1 HARQ-ACK codebook construction for FDM-ed multicast and multicast if supported. 
· FFS: whether/how to optimize the Type-1 codebook construction to reduce the HARQ-ACK feedback payload size. 

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.

[bookmark: _Hlk63422390]Agreement:
[bookmark: _Hlk63422353][bookmark: _Hlk68031870]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.

In this contribution, we will make discussions on the mechanisms to improve reliability for RRC_CONNECTED UEs.
2. [bookmark: _Ref498564494]Discussion
PDSCH repetition
In the previous meetings, it was agreed that PDSCH transmission with repetition is supported to improve reliability and the number of PDSCH repetitions can be semi-statically configured or dynamically indicated by corresponding DCI. Considering that differnet MBS services which may be assocated with different group-common RNTIs can have different reliablity requirements, it is sugested to support seperate configurations for PDSCH aggregation factor for different MBS services. 
[bookmark: _Ref54015726]Proposal 1: For PDSCH repetition of group-common PDSCH, if a UE can be configured with multiple g-RNTIs,
· The PDSCH aggregation factors for group-common PDSCHs with different g-RNITs should be separately configured.
1. 
2. 
HARQ-ACK feedback 
· Enable/disable HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast
[bookmark: _Ref47365789][bookmark: _Hlk68031959]In the last e-meeting, it was agreed that for RRC_CONNECTED UEs, HARQ-ACK feedback is supported for multicast. Considering that the level of reliability should be based on the requirements of the application/service provided, whether to transmit HARQ-ACK feedback should be configurable so that a UE can transmit HARQ-ACK for a PDSCH flexibly based on the QoS requirement of multicast service. In the previous meeting, different options to enable/disable HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast were discussed. For example:
· Option 3: RRC signalling configures the enabling/ disabling function of DCI indicating the enabling /disabling HARQ-ACK feedback.
· [bookmark: _Hlk68032502]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.

Note that, for option 3, for RRC_CONNECTED UE, the RRC signalling to configure the enabling/disabling function of DCI indicating the enabling/disabling HARQ-ACK feedback should be UE-specific. But the DCI scheduling PDSCH for multicast service is a group-common DCI, it does not make sense to enable/disable HARQ-ACK with a group-common DCI. In addition, if the DCI indication is explicit and 1 bit is introduced in the scheduling DCI. For some UEs in the MBS group, its RRC signalling disables the function of DCI indication, and there would be no this 1 bit for HARQ-ACK enabling/disabling indication in DCI for these UEs. For the other UEs in the same MBS group, its RRC signalling enables the function of DCI indication, and there would be 1 bit for HARQ-ACK enabling/disabling indication in DCI for these UEs. Thus, the DCI size and DCI field interpretation for different UEs in the same MBS group would be different. It would potentially increase the DCI size when explicit indication in DCI is supported. If implicit indication in DCI is used, how to implicitly indicate this function needs to be discussed. The enabling/disabling for HARQ-ACK feedback should be indicated per UE. However, option 3 can only enable/disable HARQ-ACK per MBS group per PDSCH. There is no motivation to indicate enabling/disabling the HARQ-ACK feedback using DCI.
For option 2, it can enable/disable HARQ-ACK feedback per UE, and is good enough to be supported.
[bookmark: _Ref47365794]Proposal 2: For enabling/disabling HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast, RRC indicates enabling/disabling (i.e. option 2) is supported.
· ACK/NACK feedback or NACK only feedback
In the last meeting, it was agreed to support ACK/NACK feedback for RRC_CONNECTED UEs receiving multicast and FFS for NACK only feedback. In addition, the association between group scheduling and HARQ-ACK feedback mode hasn’t be discussed either.
· Option 1: dedicated resource for ACK/NACK feedback
· For the ACK/NACK feedback, a UE will generate ACK or NACK for a TB based on the TB decoding result, and the PUCCH resources for HARQ-ACK feedback needs to be orthogonal among different UEs. gNB can fully get the PDSCH transmission states for each UE. Therefore, it is natural that MBS PDSCH retransmission can be based on unicast PDSCH per UE basis. However, as discussed in our companion contribution [3], it will result in larger specification impact for MBS transmission with PTM scheme 1, while it is easy to support if PTM scheme 2 is supported for MBS transmission.
· Option 2: common resource for NACK only feedback
· For the NACK only mode, only when a TB is decoding failed, a UE needs to transmit a NACK. For this feedback mode, the PUCCH resources for HARQ-ACK feedback among different UEs can be group common. Thus, it can be benefit from PUCCH resource consumption. However, gNB is unable to tell which UEs or how many UEs are transmitting NACK due to the group common resource. Thus, it is not possible to support MBS PDSCH retransmission through unicast PDSCH. In addition, it will bring some additional issues when considering multiplexing between NACK for multicast PDSCH and other UCI, such as HARQ-ACK for unicast PDSCH, CSI, SR or multiplexing with PUSCH.
Some comparisons of these two HARQ-ACK feedback modes are summarized in the following Table 1.
[bookmark: _Ref47361196]Table 1 Comparisons of two different HARQ-ACK feedback modes
	HARQ-ACK feedback mode
	ACK/NACK feedback
	NACK only feedback

	PUCCH resource(s)
	Orthogonal among UEs in an MBS group
	Same PUCCH resource can be shared among UEs in an MBS group

	HARQ-ACK information reception for gNB
	Full HARQ-ACK information, i.e., ACK, NACK or DTX can be got from each UE.
	gNB can determine based on simple energy detection on PUCCH, but gNB can’t be told how many UEs report NACK due to group-common PUCCH resource

	MBS PDSCH retransmission
	Can be retransmitted by multicast or unicast PDSCH
	Can only be retransmitted by multicast PDSCH

	Multiplexing/prioritization rule of HARQ-ACK for MBS and HARQ-ACK for unicast, CSI, SR or PUSCH
	Can be multiplexed with HARQ-ACK for unicast PDSCH and/or other types of UCI, as well as PUSCH transmission.
	It’s hard to support multiplexing of HARQ-ACK for MBS and HARQ-ACK for unicast PDSCH and/or other types of UCI, as well as PUSCH transmission.


[bookmark: OLE_LINK3]To make more comparisons between these two HARQ-ACK feedback modes, system-level simulation was conducted. The evaluation results in terms of spectral efficiency (SE) and resource utilization (RU) for the two HARQ-ACK feedback modes are shown in Table 2. The video traffic with 720p and 30fps is evaluated. UEs belong to same beam are within a one MBS group. The retransmission methods for ACK/NACK feedback mode and NACK only feedback modes are unicast and multicast respectively. Other detailed simulation assumptions are provided in Table 4 in Appendix.
[bookmark: _Ref54024178]Table 2 Evaluation results for different HARQ-ACK feedback modes
	Feedback mode
	Cell average spectral efficiency (bps/Hz/TRP)
	Resource utilization

	ACK/NACK feedback
	1.6372
	0.5248(100%)

	NACK only feedback
	1.6420
	0.5535(+5.5%)



From the simulation results in Table 2, it can be observed that:
· The ACK/NACK feedback mode outperforms with about 5.18% gains in term of RU than the NACK only feedback mode. Compared to the retransmission by group common PDSCH in NACK only feedback mode, the MCS levels of retransmission in ACK/NACK feedback mode are higher due to the UE-specific CSI, which saves more resources, resulting in the lower resource utilization.
· For the cell spectral efficiency, the performances of the two HARQ feedback mode are similar with slight gain of the NACK only feedback scheme mode. The reason of similar results is that both feedback modes can complete the packet transfer in packet interval of generation time, and the gain in SE largely results from the fact that the retransmission MCS of the NACK only feedback mode is lower than that of the ACK/NACK mode, resulting in a lower packet drop probability than that of the ACK/NACK feedback mode.
[bookmark: _Ref54015624]Observation 1: There is about 5.18% gain in term of RU of the ACK/NACK feedback mode than the NACK only feedback mode.
[bookmark: _Ref54015716]Observation 2: The NACK only feedback mode has only marginal gain in terms of SE compared with the ACK/NACK feedback mode.
From the above simulation, it can be observed that using PTP for retransmission can get some gains comparing with using PTM for retransmission. That is the motivation to support ACK/NACK for group-common PDSCH. It is noted that RAN2 has agreed to support dynamic switching between PTP transmission and PTM transmission. This can somehow get similar gain as using PTP transmission for retransmission. To compare different scheduling schemes, another system-level simulation was conducted. In the simulation, three scheduling schemes as followings are evaluated.
· Scheme 1: using PTM for initial transmission and the retransmission is based on unicast only
· Scheme 2: using PTM for initial transmission and the retransmission is based on dynamic adaption between unicast and multicast 
· Scheme 3: for initial transmission, dynamic adaption between unicast and multicast; For retransmission, unicast is used if the initial transmission is unicast based, and multicast is used if the initial transmission is multicast based. 
In scheme 3, the UE is selected to use unicast for initial transmission when the following conditions are met simultaneously:
· The UE’s transmission MCS is the minimum one in the group.
· The deviation to second lowest MCS in the group is larger than or equal to a threshold, e.g. three MCS grade.
· The UE’s transmission MCS is lower than a fix MCS grade, e.g., MCS 4. 
The evaluation results in terms of SE and RU for the three scheduling schemes are shown in Table 3. The general simulation parameters are same shown in Table 3 except that the wide beam of [96,0] is used for BS configuration.
[bookmark: _Ref61513940][bookmark: _Ref61513916] Table 3 Evaluations results for different scheduling schemes
	Scheduling scheme
	Cell average spectral efficiency(bps/Hz/TRP)
	Resource utilization

	Scheme 1
Multicast init + unicast ReTx
	1.6191
	0.4046

	Scheme 2
Multicast init + dynamic unicast/multicast ReT
	1.6197
	0.3989

	Scheme 3
Dynamic unicast/multicast for init and ReTx
	1.6177
	0.3949



From the simulation result, in terms of cell average spectral efficiency, it is very close among the three scheduling schemes. 	Slightly more gains can be observed from the resource utilization of scheme 3 compared to the scheme 1 and scheme 2, which implies that the ACK/NACK feedback for PTM transmission can’t bring more benefits when comparing with dynamic switching between PTP and PTM for initial transmission.
[bookmark: _Ref61529667]Observation 3: The cell average spectral efficiency between different scheduling schemes, e.g., dynamic unicast/multicast or multicast for initial transmission, dynamic unicast/multicast or unicast for retransmission, are very close to each other.
[bookmark: _Ref61529674]Observation 4: The resource utilization of the dynamic unicast/multicast for initial transmission + NACK only outperforms PTM transmission scheme 1 with ACK/NACK feedback.
Based on the analysis, we can find that ACK/NACK feedback for PTM transmission and get some gains in terms of RU comparing with NACK only feedback. However, its performance is less than that of dynamic switching between PTP and PTM for initial transmission which has been supported by RAN2. Considering the fact that ACK/NACK feedback for PTM transmission scheme 1 will result in lager specification impact, while it is easy to support for PTM transmission scheme 2, the following proposal is made.
[bookmark: _Ref68092982][bookmark: _Ref54015732]Proposal 3: For RRC_CONNECTED UE, 
· NACK only feedback is support for multicast (for both PTM scheme 1 & 2).
· ACK/NACK feedback is not supported for multicast with PTM transmission scheme 1.
· ACK/NACK feedback is supported for multicast with PTM transmission scheme 2.
· HARQ-ACK feedback is per PDSCH or is in aggregated manner.
In NR, for unicast PDSCH transmission, 1-bit/2-bit HAR-ACK information for each unicast PDSCH is transmitted, which depends on the number of TBs of each PDSCH and whether the UE is configured with spatial bundling. Noting that, for MBS PDSCH transmission, the level of reliability is based on the requirements of the application/service provided. In other words, it may not be necessary to support PDSCH retransmission for a certain MBS service and HARQ-ACK feedback for link adaption is enough in that case. If multiple HARQ-ACK transmissions are in the same slot, the HARQ-ACK feedback payload may be very large. In order to save HARQ-ACK payload, aggregated HARQ-ACK feedback, i.e., 1-bit HARQ-ACK for multiple PDSCHs associated with the same PUCCH, can be considered for HARQ-ACK payload offload and power consumption reduction. In addition, if NACK only mode feedback is supported, it is possible that there are multiple PDSCHs to be fed back in the same slot and how to feed back NACK in this case also needs to be considered.
· Configuration of HARQ-ACK codebook for multicast
In NR rel-15, only type 1 and type 2 HARQ-ACK codebook are supported, and the type of HARQ-ACK codebook is configured per PUCCH group. In NR Rel-16, for unicast PDSCH, enhanced type 2 and type 3 codebook are introduced. Note that type 3 codebook can be used for both licensed spectrum and unlicensed spectrum. For different services of URLLC and MBS, a UE can support two simultaneous constructed HARQ-ACK codebooks and the type of HARQ-ACK codebook can be configured per HARQ-ACK codebook (i.e., per service). Then, if a UE support simultaneous reception of multicast PDSCH and unicast PDSCH, the HARQ-ACK codebook type for these two kinds of PDSCH should be separately configured. Otherwise, it would make unicast PDSCH can’t be configured with enhanced type 2 and type 3 HARQ-ACK codebook which conflicts with that in NR Rel-16.
[bookmark: _Ref68092749]Proposal 4: The HARQ-ACK codebook type for multicast and unicast should be separately configured.
· Type 1 HARQ-ACK codebook for multicast PDSCH
For type 1 HARQ-ACK codebook, it was agreed that construction of type 1 HARQ-ACK codebook based on the union of the PDSCH TDRA sets of the unicast service and the multicast service at least of the same priority is supported. This can be applicable for the case of TDMed unicast and multicast. In addition, it was also agreed that the PUCCH-config for unicast and multicast can be separately configured for ACK/NACK feedback. That means the K1 set configured by dl-DataToUL-ACK in PUCCH-config can be separately configured for unicast and mulitcast. Thus, it is needed to consider the K1 set used for the construction of HARQ-ACK codebook of unicast and multicast. For example:
· Alt 1: using the union of K1 set of unicast and multicast.
· Alt 2: using the K1 set of unicast or multicast.
For Alt 2, it implies that the K1 set of multicast should be a subset of the K1 set of unicast, or vice versa, which gives unnecessary restriction for gNB’s configuration or scheduling. Thus, Alt 1 is preferred.
In addition, to reduce the HARQ-ACK feedback payload size, the union operation of the PDSCH TDRA sets of the unicast service and the multicast service should only apply to the slots corresponding to the intersection of K1 set of unicast and K1 set of multicast. For example, assuming K1 set for unicast is {2,4}, and K1 set for multicast is {4,8}. Then the type 1 HARQ-ACK codebook construction should be based on the union of these two K1 sets, that is {2,4,8}. Then the UE needs to determine the candidate of PDSCH reception occasions in each downlink slot corresponding to each K1. Note that when k1=2, there is only unicast in this slot and no need to take the union of PDSCH TDRA sets of unicast and multicast, and when k1=8, there is only multicast and no need to take the union of PDSCH TDRA sets of unicast and multicast, either. The operation of taking the union of PDSCH TDRA sets of unicast and multicast only is needed when k1=4.
If a UE is configured to receive unicast PDSCH and multicast PDSCH in a slot in FDM manner, the UE may need to construct HARQ-ACK codebook for unicast PDSCH and multicast PDSCH separately, and then concatenate the two HARQ-ACK codebooks together. Similarly, for the case a UE is configured to receive more than one multicast PDSCH in a slot in FMD manner, the UE may also need to construct the HARQ-ACK codebook for different multicast PDSCHs separately, and then concatenate these HARQ-ACK codebooks together.
[bookmark: _Ref68626435]Proposal 5: For ACK/NACK based feedback for multicast, construction of Type-1 HARQ-ACK codebook based on the union of the K1 sets of the unicast service and the multicast service (if they are separately configured), at least of the same priority, is supported
· Candidate of PDSCH reception occasions are determined based on the union of PDSCH TDRA sets of the unicast service and the multicast service (if they are separately configured) only in the slots corresponding to the intersection of K1 set of unicast service and multicast service. 
[bookmark: _Ref68093031]Proposal 6: For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast, and Type-1 HARQ-ACK codebook construction for FDM-ed multicast and multicast if supported.
· [bookmark: _Hlk68093055]Construction of Type-1 HARQ-ACK codebook based on the concatenation of the HARQ-ACK codebooks of the FDMed unicast and multicast, or FDMed multicast and multicast, is supported.

· Type 2 HARQ-ACK codebook for multicast PDSCH
For type 2 HARQ-ACK codebook, the codebook construction depends on the scheduling scheme for group-common PDSCH. In the last meeting, it was agreed to separately count DAI for unicast and DAI for multicast and concatenation of Type-2 HARQ-ACK codebook for unicast and multicast is supported for PTM scheme 1. One simple way is to concatenate Type-2 HARQ-ACK codebook for unicast and multicast by appending the HARQ-ACK codebook for multicast to the HARQ-ACK codebook for unicast. It is suggested to support multiple g-RNTIs for multiple MBS services, then separate DAI counting for different g-RNTIs is needed considering that different UEs may be configured with different g-RNTIs, and concatenating more than one Type-2 HARQ-ACK codebook for multicast should also be supported, the concatenation can be based on the value of g-RNTI.
If multicast scheduling is based on PTM scheme 2, then for type 2 HARQ-ACK codebook, the current mechanism can be reused. 
[bookmark: _Ref68092849]Proposal 7: For ACK/NACK based HARQ-ACK feedback, for type 2 HARQ-ACK codebook for RRC_CONNECTED UEs receiving multicast.
· [bookmark: _Hlk68092831]If UE is configured with multiple g-RNTIs
· If PTM transmission scheme 1 is used for group-common PDSCH, separate DAI counting for different g-RNTIs is used.
·  Concatenating more than one Type-2 HARQ-ACK codebook for multicast is supported.
· If PTM transmission scheme 2 is used for group-common PDSCH, the existing mechanism can be reused to construct a HARQ-ACK codebook for different PDSCHs.
· Support of enhanced type 2 and type 3 HARQ-ACK codebook for multicast
For multicast, enhanced type 2 and type 3 HARQ-ACK codebook should not be precluded. According to NRU discussion, enhanced type 2 and type 3 HARQ-ACK codebook are extended to licensed band. For MBS, these two types of codebook can also be used. For example, gNB can trigger UE to feedback type 3 HARQ-ACK codebook to get the information of PDSCH reception states in a period and use this information for link adaption. Another example for enhanced type 2 codebook, gNB can group multicast PDSCH as group 0 and unicast PDSCH as group 1, and then gNB can trigger UE to feedback HARQ-ACK for multicast PDSCH by UE-specific PDCCH, which can solve the issue that group common PDCCH can't indicate UE-specific PUCCH resource with one PRI.
[bookmark: _Ref61624273]Proposal 8: For ACK/NACK based HARQ-ACK feedback, support enhanced type 2 and type 3 HARQ-ACK codebook for RRC_CONNECTED UEs receiving multicast.
· [bookmark: _Hlk47364568]Multiplexing/prioritization for HARQ-ACK for multicast unicast
In NR Rel-15, a UE will construct one HARQ-ACK codebook in one slot if multiple unicast PDSCHs are scheduled to be transmitted in the same slot, and the UE would transmit the HARQ-ACK codebook on one PUCCH determined based on the HARQ-ACK payload and PRI indicated by the last DCI. In NR Rel-16, two simultaneous HARQ-ACK codebooks for URLLC and eMBB in one slot is supported, and a UE separately constructs the HARQ-ACK codebook for URLLC and eMBB, and transmits two PUCCHs with HARQ-ACK in a slot if they are not overlapped.  
It was agreed that 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. This is similar to the multiplexing/prioritization in NR Rel-16 for the PUCCHs with the same priority and different priorities. In NR Rel-16, when a UE supports two HARQ-ACK codebooks, it will support the multiplexing/prioritization. Similarly, it can be when a UE supports simultaneous unicast and multicast, the UE supports multiplexing for the same priority and prioritizing for different priorities, and no separate UE capability is needed. Or we can discuss how to define UE capability in the UE feature discussion.
For the determination of PUCCH resource, when HARQ-ACK for unicast multicast are multiplexed into one PUCCH, it is possible that the DCI for multicast PDSCH is the last DCI, so the determination of PUCCH resource may need to be discussed. It seems better to using the last DCI for unicast scheduling to determine the PUCCH for multiplexing. 
For the case of non-overlapping PUCCHs resources for HARQ-ACK in the same slot, it should support separate transmission of HARQ-ACK PUCCH for unicast and HARQ-ACK PUCCH for multicast. At least for the case of different priorities, separate PUCCH transmission can avoid dropping of the HARQ-ACK with lower priority. If separate PUCCH transmission is not supported, for the case of same priority, the UE does not need to construct the HARQ-ACK codebook separately and determine the PUCCH for unicast and multicast separately, the UE can directly jointly construct one HARQ-ACK codebook for unicast and multicast. 
[bookmark: _Ref47365799][bookmark: _Ref54015739]Proposal 9: 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 the case of non-overlapping PUCCHs resources for HARQ-ACK in the same slot, separate transmission of HARQ-ACK PUCCH for unicast and HARQ-ACK PUCCH for multicast is supported.
  
· The priority for HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast
In the last meeting, the priority for HARQ-ACK for RRC_CONNECTEDU UE receiving multicast is discussed and it was agreed that it can be lower, higher than or equal to the HARQ-ACK feedback for unicast. In NR rel-16, two-level PHY priorities are supported for HARQ-ACK feedback for unicast, i.e., priority index 0 and priority index 1 correspond to low and high priority, separately. Then, the same mechanism can be reused for multicast to support two-level PHY priorities. In addition, for simplicity, the HARQ-ACK for multicast with priority index 0 can equal to the HARQ-ACK for unicast with priority index 0, and the HARQ-ACK for multicast with priority index 1 can equal to the HARQ-ACK for unicast with priority index 1. For the priority between HARQ-ACK feedback for multicast and other UCI for unicast (SR, CSI) or PUSCH for unicast, it is the same as HARQ-ACK for unicast.
[bookmark: _Ref68626302]Proposal 10: Support 2-level PHY priority for HARQ-ACK feedback for multicast.
· HARQ-ACK with priority index 0 for multicast has the same priority with HARQ-ACK with priority index 0 for unicast
· HARQ-ACK with priority index 1 for multicast has the same priority with HARQ-ACK with priority index 1for unicast
3. Conclusion
In this contribution, we make discussions on the mechanisms to improve reliability for RRC_CONNECTED UEs, and have the following observations and proposals.
Observation 1: There is about 5.18% gain in term of RU of the ACK/NACK feedback mode than the NACK only feedback mode.
Observation 2: The NACK only feedback mode has slight gain in terms of SE compared with the ACK/NACK feedback mode.
Observation 3: The cell average spectral efficiency between different scheduling schemes, e.g., dynamic unicast/multicast or multicast for initial transmission, dynamic unicast/multicast or unicast for retransmission, are very close to each other.
Observation 4: The resource utilization of the dynamic unicast/multicast for initial transmission + NACK only outperforms PTM transmission scheme 1 with ACK/NACK feedback.
Proposal 1: For PDSCH repetition of group-common PDSCH, if a UE is configured with multiple g-RNTI is supported,
· The PDSCH repetition numbers for group-common PDSCH with different g-RNIT should be separately configured.
[bookmark: _GoBack]Proposal 2: For enabling/disabling HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast, RRC indicates enabling/disabling (i.e. option 2) is supported.
Proposal 3: For RRC_CONNECTED UE, 
· NACK only feedback is support for multicast (for both PTM scheme 1 & 2).
· ACK/NACK feedback is not supported for multicast with PTM transmission scheme 1.
· ACK/NACK feedback is supported for multicast with PTM transmission scheme 2.
Proposal 4: The HARQ-ACK codebook type for multicast and unicast should be separately configured.
Proposal 5: For ACK/NACK based feedback for multicast, construction of Type-1 HARQ-ACK codebook based on the union of the K1 sets of the unicast service and the multicast service (if they are separately configured), at least of the same priority, is supported.
· Candidate of PDSCH reception occasions are determined based on the union of PDSCH TDRA sets of the unicast service and the multicast service (if they are separately configured) only in the slots corresponding to the intersection of K1 set of unicast service and multicast service. 
Proposal 6: For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast, and Type-1 HARQ-ACK codebook construction for FDM-ed multicast and multicast if supported.
· Construction of Type-1 HARQ-ACK codebook based on the concatenation of the HARQ-ACK codebooks of the FDMed unicast and multicast, or FDMed multicast and multicast, is supported.
Proposal 7: For ACK/NACK based HARQ-ACK feedback, for type 2 HARQ-ACK codebook for RRC_CONNECTED UEs receiving multicast.
· If UE is configured with multiple g-RNTIs
· If PTM transmission scheme 1 is used for group-common PDSCH, separate DAI counting for different g-RNTIs is used.
· Concatenating more than one Type-2 HARQ-ACK codebook for multicast is supported.
· If PTM transmission scheme 2 is used for group-common PDSCH, the existing mechanism can be reused to construct a HARQ-ACK codebook for different PDSCHs.
Proposal 8: For ACK/NACK based HARQ-ACK feedback, support enhanced type 2 and type 3 HARQ-ACK codebook for RRC_CONNECTED UEs receiving multicast.
Proposal 9: 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 the case of non-overlapping PUCCHs resources for HARQ-ACK in the same slot, separate transmission of HARQ-ACK PUCCH for unicast and HARQ-ACK PUCCH for multicast is supported.
 Proposal 10: Support 2-level PHY priority for HARQ-ACK feedback for multicast.
· HARQ-ACK with priority index 0 for multicast has the same priority with HARQ-ACK with priority index 0 for unicast
· HARQ-ACK with priority index 1 for multicast has the same priority with HARQ-ACK with priority index 1for unicast
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Appendix 
[bookmark: _Ref46416534]Table 3 Simulation assumptions for evaluation of multicast
	Parameters
	Value

	Layout
	UMa in TR38.901

	Inter-BS distance
	500 m

	Carrier frequency
	4GHz

	Simulation bandwidth
	20 MHz, 8.2% Guard Band

	Frame structure 
	DDDDDDDSUU, 10:2:2 for S

	SCS / Cyclic Prefix
	30 KHz / NCP

	Channel model 
	UMa in TR 38.901

	BS antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 1, 8)
(dH,dV) = (0.5, 0.8)λ
+45°, -45° polarization

	UE antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2)
(dH,dV) = (0.5, N/A)λ
0°,90° polarization

	BS beam set
	For direction of BS analog beam steering (in LCS):
Azimuth angle φi = [0] 
Zenith angle θj = [90 95 100 105] degree

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.

	Traffic model
	Traffic mode: video
Traffic frequency: 30fps
Traffic Image resolution: 720*1280p 

	Transmit power
	49 dBm at BS

	Antenna height
	asign with TR38.901

	Antenna gain 
	8 dBi at BS and 0 dBi at UE

	Noise figure
	9 dB at UE

	UE distribution
	80% indoor, with 3km/h
20% outdoor, with 3 km/h

	Number of UEs per cell
	10

	Schedule method
	Beam round robin and TDM scheduled

	Schedule granularity
	Unicast: subband; Multicast: wideband

	PMI CQI feedback granularity
	Unicast: subband; Multicast: wideband

	Max retransmission time
	4

	MCS table
	EMBB_CP_OFDM_64QAM

	Receiver
	MMSE-IRC




