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Introduction
In this contribution, we provide our view on the outstanding issues of the reliability mechanisms for NR MBS, based on the agreements made during RAN1#104e. 
[bookmark: _Ref178064866]Discussion
HARQ mechanism for PTM scheme 1  
PUCCH resource configuration for ACK/NACK
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The following agreement were made in last RAN1 meeting.
	Agreement:
[bookmark: OLE_LINK47][bookmark: OLE_LINK48]For ACK/NACK based feedback if supported for RRC_CONNECTED UEs receiving multicast, UE can be optionally configured a separate PUCCH-Config for multicast. Otherwise, PUCCH-Config for unicast applies. 
Agreement:
For RRC_CONNECTED UEs receiving multicast, support the following:
· ACK/NACK based HARQ-ACK feedback for multicast, 
· It is up to network to configure orthogonal PUCCH resources among UEs within the same group. 
· FFS: NACK-only based HARQ-ACK feedback for multicast, 
· It is up to network to configure the PUCCH resources and the PUCCH resources can be shared among UEs within the same group. 
· FFS details. 



ACK/NACK based HARQ feedback has been agreed as the feedback for PTM transmission. One issue with ACK/NACK based HARQ feedback is that the number of required PUCCH resources at one UL slot is the same as the number of UEs in a PTM group as all UE in the group need to send HARQ-ACK feedback. When the number of UEs in a PTM group is large, it may not be possible to allocate the required number of PUCCH resources per UL slot. This can be solved by allowing one PUCCH resource to be used by different UEs in different time/slot. That is, besides the DL data to UL HARQ feedback timing indicator in DCI in PDCCH, network can configure each UE receiving multicast traffic an extra time offset. The final time for UE to send HARQ feedback is the time indicated in DCI plus this extra time offset. Since not all UEs need to send HARQ feedback at the same slot, UEs sending HARQ feedback in different slots can then be configured with the same PUCCH resource, thereby the per-slot required PUCCH resource is reduced. 

[bookmark: _Toc68642458]UEs receiving multicast traffic can send HARQ feedback in different UL slots, which allows multiple UEs to share the same PUCCH resource in the frequency domain. This reduces the required number of PUCCH resources per UL slot.
[bookmark: _Toc68642423]An RRC-configured additional time offset can be individually configured to each UE receiving multicast traffic. The HARQ ACK feedback delay is then the addition of the PDSCH-to-HARQ_feedback timing indicator in DCI plus this extra time offset.
Furthermore, if there are too many multicast UEs, it is also possible to disable multicast HARQ ACK/NACK transmission of some UEs to reduce the required PUCCH resources which will be discussed in section 2.1.3. 

In our concept, we think that multicast HARQ ACK/NACK should be enabled preferrably for UEs that have a high BLER, i.e. a high NACK ratio. These UEs are typically the ones in poor reception conditions. Furthermore, multicast HARQ ACK/NACK should be enabled for services requireing ultra high reliability. 

For UEs with low PDSCH and PDCCH BLER, we think a NACK-only multicast HARQ feedback scheme is suitable, in particular for large payloads where high reliability of the PDSCH is much more costly than that of the PDCCH. We elaborate on the NACK-only HARQ feedback in section 2.1.2. 

For scenarios where ultra high reliability is not required and where the multicast group size is extremely large, a large fraction of the multicast UEs may be configured without HARQ feedback. 
NACK only based HARQ feedback 
The following was agreed during RAN1#103e and RAN1#104e:
	RAN1#104e:
Agreement:
For RRC_CONNECTED UEs receiving multicast, support the following:
· ACK/NACK based HARQ-ACK feedback for multicast, 
· It is up to network to configure orthogonal PUCCH resources among UEs within the same group. 
· FFS: NACK-only based HARQ-ACK feedback for multicast, 
· It is up to network to configure the PUCCH resources and the PUCCH resources can be shared among UEs within the same group. 
· FFS details. 
RAN1#103:
Agreements:
For RRC_CONNECTED UEs receiving multicast, for NACK-only based HARQ-ACK feedback if supported for group-common PDCCH scheduling, PUCCH resource configuration for HARQ-ACK feedback from per UE perspective is separate from PUCCH resource configuration for HARQ-ACK feedback for unicast. 
· FFS PUCCH format




The advantage of NACK-only based HARQ-ACK feedback for multicast is that the required PUCCH resource for HARQ feedback is low as many UE in the multicast group share the same PUCCH resource.
We think that NACK-only scheme is appropriate for those UEs having on average good reception conditions. That means they most of the time have a low BLER so that their NACK rate is accordingly low.
The use of NACK-only HARQ-ACK is especially useful in a scenario with large number of UEs, where UEs with good link quality can be moved to NACK-only mode, whereas UEs with a worse link quality could be kept in ACK/NACK mode. Thanks to the good link quality the NACK-only UEs would typically not need to transmit anything.
[bookmark: _Toc68642424]NACK-only based HARQ-ACK feedback for multicast shall be supported.
Concerns have been raised in R1-2101235 on the reliability of NACK-only schemes. 
For conventional HARQ-ACK, the gNB places an energy detection threshold so that a DTX-to-ACK probability is about 1e-2. But now DTX is not equivalent to NACK, it is equivalent to ACK. 
The gNB needs to place the corresponding threshold at a lower value in order to avoid falsely interpreting a transmitted NACK as DTX, because NACK-to-DTX misdetection leads to a NACK-to-ACK error which typically has a requirement on probability of 1e-4, not 1e-2. The lower detection threshold value means that it is ~100 times more likely (than for conventional HARQ-ACK) that noise/DTX will be interpreted as signal/NACK, which in turn means more PDCCH+PDSCH retransmissions.
The Prob{ACK missed} increases the retransmission ratio and is thereby less severe than the Prob{NACK missed} where the latter means the event that the gNB has not detected that the UE has either not received the PDCCH or the PDSCH. This event is more severe already in unicast because it will trigger a retransmission on RLC if RLC-AM is configured. For multicast the support of RLC-AM is not yet agreed in the PTM leg, therefore data loss may result.
The difference in severity is the reason that different minimum requirements are set in TS38.104. 
The minimum requirement Prob{DTX->ACK}=1% can be interpreted together with a typical Prob{PDCCH missed}=10% as a requirement of 0.1% that an ACK is detected although the PDCCH has been missed and the event will result in loss of transport block. 
The minimum requirement Prob{NACK->ACK}=0.1% imposes the same limit on the loss of TB in the event where PDCCH was received and PDSCH was not received.
Compared to this, the Prob{ACK missed}=1% is more relaxed. It limits the increase of the number of retransmissions due to missed ACKs to 1%. 
In the NACK-only scheme there inherently is no ACK missed detection event, because ACK is not transmitted.
The event that a UE has missed the PDCCH therefore inherently cannot be detected by the gNB, unless the UE has to send a NACK for each monitoring occasion (MO) of a PDCCH that is configured to the UE in some way. This could make sense for SPS-configured MOs but not for dynamical scheduling, which should be the default operation mode also for multicast.
As a consequence, only those UEs should be configured for NACK-only mode that meet PDCCH error rates <=0.1%. The NACK-only mode makes sense if the PDCCH is transmitted with higher robustness, i.e. yielding this lower error rate, compared to the PDSCH, or only UEs with good enough link quality are selected to use the NACK-only mode, while UEs with worse link quality would use ACK/NACK.
[bookmark: _Toc68642459]Only those UEs should be configured for NACK-only mode that meet PDCCH error rates <=0.1% or that are SPSed.
Further concerns have been raised regarding the effect that NACK-signals from multiple UEs are received superimposed at the gNB, i.e. that this could lead to a larger probability that the power of the sum signal falls below the NACK detection threshold. However, for the case of Rayleigh fading individual signals at the gNB, the sum signal is again Rayleigh fading[footnoteRef:2] if all mean powers are equalized by TPC. [2:  It should be noted that with Rayleigh fading, the I and Q axes are both Gaussian distributed, which means that a sum of several such signals will also have Gaussian distributed I and Q, i.e. be Rayleigh distributed.] 

Now if the gNB puts a threshold on say the 1% power, denoted P1%(1), assuming just 1 UE is received with mean power P0, then the probability that the instantaneous power if N UEs transmit at the same time, i.e. the total received mean power is N*P0, is smaller than P1%(1) is actually lower than 1%, i.e. the NACK missed detection probability decreases with the number of UEs transmitting NACKs.
If the individual signal is not Rayleigh but Ricean, then the sum signal can have indeed power below the threshold more often than that of a single UE. However, a high Rice factor is associated with low pathloss and therefore the downlink multicast reception is not expected to suffer from a high BLER that relies on highly reliable NACK signalling. Furthermore, the potential of NACK-cancelling can be controlled by the gNB separating the UEs having such exceptional channel condition to separate PUCCH resources. 
If many UEs are allocated to the same PUCCH resource for NACK-only feedback then there is a non-zero probability that many UEs transmit NACK and this leads to a large aggregate transmit energy that could give rise of concern regarding inter- and intracell interference. However, in our view only those UEs should be configured for NACK-only feedback that have a sufficiently low BLER so that the probability that many UEs transmit NACK in any given PUCCH resource is sufficiently low.

Making an example: Assuming the PDSCH BLER is as high as 1% and 100 UEs are allocated the same PUCCH resource for NACK-only transmission, the probability that N UEs transmit NACK for one BLER is binomially distributed. The CDF is shown in the Figure below:
[image: ]
It can be seen that the probability that more than 4 UEs transmit NACK at the same time is very low, in fact just 0.34%. The same Figure results if parameters are changed to BLER=0.1% and N=1000.

If, for any reason, the number of UEs in NACK-only mode or the BLER for those UEs is becoming higher than in this example, we propose the set of UEs in NACK-only mode can be distributed, preferably equally, over a set of PUCCH resources. The gNB would then have to retransmit a transport block if the gNB detects a NACK signal on any of the PUCCH resources allocated for NACK-only signalling of that transport block.
A further reason why the robustness of the UL NACK is unlikely to be an issue is that for the intended “large number of UEs” use case, as described above, there will also be many UEs receiving the same multicast using ACK/NACK. As mentioned, these UEs will be in worse reception conditions so are more likely to send NACK and trigger a retransmission. Therefore, the robustness of an individual UE’s NACK response is less important than if NACK-only would have been used for unicast. 
Because of the transmit power aggregation, uplink power measurements on a common PUCCH for NACK-only cannot be used for per UE TPC. The transmit power for the NACK of each UE should follow from TPC based on other uplink measurements, e.g. on uplink transmissions relating to unicast traffic of the UE or CSI reports that the UE may be configured to transmit for PTM transmission adaptation.
Since we see the main use case of NACK-only for UEs in good reception conditions, and reception conditions can change, we propose that the UEs can be dynamically reconfigured between NACK-only mode, ACK/NACK mode, and no feedback mode. 
[bookmark: _Toc68642425]We propose that the UEs can be dynamically reconfigured between NACK-only mode, ACK/NACK mode, and no feedback mode.
The trigger for reconfiguration can be regular radio measurements reported by the UE, e.g. RSRP, CQI. We elaborate more on our thinking of the reconfiguration opportunities in the subsequent section. 
We propose dynamic codebook is not supported for NACK-only because the main purpose if NACK-only scheme is to share a PUCCH resource for all UEs in NACK-only mode, therefore a NACK-transmission scheme that does not interfere among the UEs needs to be chosen.
For transmitting NACK feedback signals for multiple PDSCHs from multiple UEs in a multicast group in the same uplink slot, each UE needs to build a HARQ codebook using a process that follows the HARQ Type-1 codebook building process specified for unicast. Joint codebook for multicast NACK-only and unicast ACK/NACK is of course not possible. Each UE that is configured for multicast NACK-only feedback has  to transmit a NACK-only signal for each cleard bit in its NACK-only HARQ codebook.

 
[bookmark: _Toc68642460]It is desirable that all UEs can use the same set of PUCCH resources and the signals transmitted from different UEs for NACK-signal are not orthogonal. Since different UEs may have different cleared bits in their NACK-only HARQ codebook, a representation for each UE for the NACK-signals must generated such that they do not interfere with each other among UEs.

[bookmark: _Toc68642426]For NACK-only transmission of HARQ feedback for group scheduling, a semi-static codebook is supported and dynamic codebook is not supported

PUCCH format 0 and format 1 can be used as a basis for NACK-only signaling. In the simplest form, one cyclic shift of the base sequence is selected to represent a NACK-only signal. The UE is configured with which shift to use. For PUCCH format 1 the same applies with respect to othogonal cover codes (OCC) and whether the I or Q- domain should be used for the NACK signalling. For PUCCH format 1 all UEs using the same cyclic shift and OCC also use the same DMRS.

[bookmark: _Toc68642427]PUCCH formats 0 and 1 can be used for semistatic codebook.as a basis for NACK-only signaling

[bookmark: _Toc68642428]Denoting the number of bits in the NACK-only codebook by N, downselect from the  following variants to create up to N NACK-only signals in the same uplink slot:
a) Use multiple PUCCH resources in the same slot, M=2^N-1 PUCCH resources for N is the total number of PDSCHs for which the UE needs to provide feedback, each UE transmits on one of the resources according to the subset of PDSCHs for which the UE needs to signal NACK.
b) Use multiple PUCCH resources in the same slot, where each PUCCH resource represents one bit in the NACK-only codebook and the UE needs to transmit multiple NACK signals, one on each PUCCH resource corresponding to a bit in the codebook for which the UE has to signal a NACK.
FFS: Use the PUCCH format 0 or format 1 phase rotations and for format 1 the OCCs as dimension in addition to OFDM-symbol and PRB, i.e associate each rotation with a HARQ process.
FFS: Associate each NACK signal with a subset of bits in the NACK-only codebook, where multiple UEs use the same PUCCH resource for the NACK-only signal relating to the same subset and the subset size may reduce to 1. A UE transmits the NACK signal if at least one bit of the associated subset of bits in the NACK-only codebook is cleared, i.e. indicates a PDSCH decoding failure. The gNB accordingly retransmits the transport blocks of all HARQ processes of the subset.

We note that I/Q multiplexing for PUCCH Format 1 cannot be used, because the phase of different UEs cannot be resolved when they use the same DMRS, and therefore I/Q components of different UEs can interfere.
PUCCH format 0 can be used for semistatic codebook.as a basis for NACK-only signaling
It is desirable that all UEs can use the same set of PUCCH resources and the signals transmitted from different UEs for NACK-indication are not orthogonal. Since different UEs may have to indicate NACK for different subsets of HARQ processes in the same slot, a representation for each UE for the indications must generated such that indications for different HARQ processes do not interfere with each other among UEs.


Enable/disable HARQ mechanism
The following was agreed in RAN1#104e:
	
[bookmark: _Hlk63422390]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.





We believe the introduction of enabling/disabling HARQ-ACK feedback is to solve the PUCCH scarcity issue. That is, when the number of PUCCH resource is less than the number of UE in a multicast group, some UE which has been allocated with PUCCH resource but is in need of retransmissions very rarely can be disabled to send HARQ-ACK feedback to release PUCCH resources, and at the same time some UE which is not allocated with PUCCH resources and it is in need of sending HARQ feedback can then be enabled to send HARQ-ACK feedback using the PUCCH resource just released. Therefore, our opinion is that this enabling/disabling HARQ-ACK feedback should be per UE action instead of for a whole PTM group. DCI based solutions (option 3) are not acceptable in the case of group DCI, because it applies to all UE in PTM group. It does not make sense to not allow all UE to send HARQ feedback when PUCCH resources are available. Using a UE specific DCI would affect current DCI format, since new bits are needed which is too complicated. 
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]As long as disable/enable HARQ feedback is not performed that often, it is acceptable to use RRC message, i.e. option 2. If disable/enable need to be done more frequently, then we can consider a MAC CE based solution, where the MAC CE is dedicated for each UE. Whatever it is RRC based or MAC-CE based solution, the purpose is to enable PUCCH resource sharing between UEs in a PTM group. That is, when one UE is disabled to send HARQ-ACK feedback, another UE can be enabled to send HARQ-ACK feedback using the PUCCH resource released by the disabled UE when there are no more PUCCH resource available. For RRC based solution, RRC can configure (enable) or release (disable) a specific PUCCH resource to use. For a MAC CE based solution, similar functionality would be needed. That is, MAC CE shall not just tell UE it is enabled to use PUCCH resource, but also which PUCCH resource to use. Therefore, a PUCCH resource index (the one that configured by RRC) is included in MAC CE so that the UE know which PUCCH resource to use. A special index, e.g. MAXNROFPUCCH can be used to indicate that no PUCCH resource is allocated. 
One more clarification is that disabling and enabling HARQ feedback is targeting multicast traffic. It does not have any impact on unicast traffic.

[bookmark: _Toc68642429]Enabling/disabling HARQ-ACK feedback for MBS is supported by both RRC configuration and MAC CE. 
[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: _Toc68642430]If enabling/disabling HARQ-ACK feedback for MBS is supported by MAC CE, the MAC CE message shall include a PUCCH resource indicator so that the UE knows which PUCCH resource to use. The mapping between PUCCH resource indicator and PUCCH resource is RRC configured.

HARQ codebook design  
[bookmark: _Toc68642431]The following agreement was made in RAN1#104e:
	[bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK30]Agreement:
For ACK/NACK based feedback if supported for multicast, for Type-2 HARQ-ACK feedback construction for PTM scheme 1, 
· DAI for unicast and DAI for multicast are separately counted. 
· Concatenation of Type-2 HARQ-ACK codebook for unicast and multicast is supported. 
· FFS details on concatenating the codebooks. 
· [bookmark: OLE_LINK33]FFS whether to support concatenating more than one Type-2 HARQ-ACK codebook for multicast. 

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




[bookmark: _Toc68642432]For Type-2 HARQ-ACK feedback construction:
[bookmark: _Toc68642433][bookmark: OLE_LINK62][bookmark: OLE_LINK84][bookmark: OLE_LINK85]Regarding the concatenation of Type-2 HARQ-ACK codebook for unicast and multicast, since DAI is counted separately between multicast and unicast, it is not possible to reuse the procedure in current spec to construct Type-2 HARQ codebook as the same position in the codebook maybe used by both unicast and multicast HARQ feedback. Therefore we propose to let UE construct Type-2 HARQ codebook for unicast and multicast separately, and then the multicast codebook just follows at the end of unicast codebook. As UE knows the total number HARQ bits from unicast, it means the multicast HARQ bit position in the concatenated codebook is its originally calculated one (when it is constructed separately) plus the total number of bits of unicast codebook. 
[bookmark: _Toc68642434]Here is an example. Assuming UE1 is working with two carrier, C1 and C2. Both unicast and multicast traffic are scheduled in C1 and C2. UE is scheduled at K=4 with just unicast via both carrier C1 and C2, at K=3, with just multicast traffic via carrier C1, at K=2, with unicast via carrier C1 and multicast traffic via C2, and finally at K=1 with unicast traffic via carrier C2 and multicast traffic at carrier C1. The two numbers in each box are the DAI (c_DAI, t_DAI) which are counted separately for unicast and multicast traffic. 
[bookmark: _Toc68642435] [image: ]
Figure 1 One example of scheduling of unicast and multicast traffic via two carriers 
The final codebook is as below where position 0-3 are for unicast traffic, and then position 4-6 are for multicast traffic. 
[image: ]
Figure 2 The corresponding Type-2 codebook for joint unicast and multicast feedback
[bookmark: _Toc68642436]Whether to support concatenating more than one Type-2 HARQ-ACK codebook for multicast depends on whether to support more than one type of multicast traffic which are scheduled via different G-RNTI. We think there is possibility that a UE needs to receive more than one type of multicast traffic, therefore it is necessary to support concatenating more than one Type-2 HARQ ACK codebook for multicast. Then in this case, UE construct the codebook separately for unicast, and each multicast traffic which associated with a different G-RNTI. Within the joint codebook, the first part is the codebook of unicast, then follow the codebooks of multicast in increasing order of G-RNTI.
[bookmark: _Toc68642437]For type-2 HARQ codebook, UE first constructs codebook for unicast and multicast traffic separately and then concatenate them together. Within this joint codebook, unicast HARQ bits precede, followed by multicast HARQ bits. If there are more than one type-2 codebook for multicast, the codebook associated with a smaller G-RNTI precedes the one associated with a larger G-RNTI

[bookmark: _Toc68642438]For type-1 HARQ-ACK feedback construction:
[bookmark: _Toc68642439][bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK50]First, we would like to clarify the agreement regarding construction of type-1 HARQ-ACK codebook. In the agreement, only the union of the PDSCH TDRA sets of unicast and multicast service is mentioned as the factor to affect the construction of type-1 HARQ-ACK codebook. While we know that the construction of HARQ-ACK codebook is determined by the PDSCH-to-HARQ_feedback timing indicator in PDCCH which is either mapped to a predefined set in spec or to a set of dl-DataToUL-ACK configured in PUCCH, and for UEs that support receiving more than one PDSCH per slot, HARQ code book construction is then related to PDSCH TDRA set. 
[bookmark: _Toc68642440][bookmark: OLE_LINK51][bookmark: OLE_LINK52]We assume the agreement is with implicit assumption that multicast service is not configured separate PUCCH configuration, or even with separate PUCCH configuration without dl-DataToUL-ACK. 
[bookmark: _Toc68642441][bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: OLE_LINK55][bookmark: OLE_LINK56]As it is agreed that multicast service can be configured with separate PUCCH configuration, it is possible that multicast service is configured with a dl-DataToUL-ACK in its PUCCH configuration as well. Then we shall consider how HARQ-ACK codebook is constructed in this case.
[bookmark: OLE_LINK57][bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: _Toc68642442]When dl-DataToUL-ACK in multicast PUCCH configuration is the same as that in unicast PUCCH configuration, then the previous agreement is appropriate. If the set of dl-DataToUL-ACK in multicast PUCCH configuration is different from that in unicast PUCCH configuration, i.e. at least one of the items in the set dl-DataToUL-ACK of multicast PUCCH configuration is not within the set of the unicast PUCCH configuration, then the agreement needs to be revised, or complemented. 
[bookmark: _Toc68642443]Here is an example.
[bookmark: _Toc68642444]Assuming the values in the set of dl-DataToUL-ACK are {3,4,5} in the unicast PUCCH configuration and {1,2,3} in the multicast PUCCH configuration, then the HARQ-ACK codebook should be constructed based on the union of the values of both configurations. 
[bookmark: _Toc68642445][image: ]
Figure 3 An example when multicast is configured with its own DL data to UL feedback timing
[bookmark: _Toc68642446]Regarding the impact of TDRA on HARQ-ACK codebook, the union of TDRA of unicast and multicast should only be taken into account at the DL slots when dl-DataToUL-ACK is overlapped between unicast and multicast configuration. 
[bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: _Toc68642447][bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK69][bookmark: OLE_LINK70]When MBS traffic is configured with its own dl-DataToUl-Ack in PUCCH configuration, the number of bits in joint HARQ codebook is determined by the union of elements in the sets of K1 of both multicast and unicast where K1 of multicast is provided by dl-DataToUl-Ack in multicast PUCCH configuration and K1 of unicast is provided by dl-DataToUl-Ack in unicast PUCCH configuration or is predefined as {1,2,3,4,5,6,7,8}. The union of TDRA sets is considered at the DL slots given by the intersection of both K1 sets in multicast and unicast. 

If Proposal 1 gets agreed and an additional time offset has been  individually configured for a UE, the joint unicast and multicast codebook is still constructed as in Proposal 5 .

[bookmark: _Toc68642448]When multicast and unicast or multicast and multicast traffic can be FDMed in a slot, a rule is needed to construct type-1 HARQ-ACK codebook. we propose to treat MBS traffic as from a virtual carrier, and then use the rule to construct HARQ feedback codebook before R-17 as UE works with Carrier Aggregation. Regarding the carrier index of this virtual carrier, there could be two options. 
[bookmark: _Toc68642449][bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK74][bookmark: OLE_LINK71][bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK72][bookmark: OLE_LINK73]Option 1: Explicitly configured by RRC, i.e. each multicast traffic scheduled by one G-RNTI is associated with a virtual carrier index.
[bookmark: _Toc68642450][bookmark: OLE_LINK75][bookmark: OLE_LINK76]Option 2: Implicitly via predefined rule, e.g. virtual carrier index is larger than that of the actual associated physical carrier but smaller than that of all other physical carriers. For example, there are two physical carriers with index C1 and C2 (C1<C2), multicast traffic is transmitted in C1, then the virtual carrier index C1’ for multicast carrier satisfies C1<C1’<C2. The virtual carrier index of multicast traffic scheduled with G-RNTI_1 is smaller than the virtual carrier index of multicast traffic scheduled with G-RNTI_2 if G-RNTI_1 < G_RNTI 2. 

[bookmark: _Toc68642451][bookmark: OLE_LINK63][bookmark: OLE_LINK64]When multicast and unicast or multicast and multicast traffic can be FDMed in a slot, multicast traffic scheduled by one G-RNTI is treated as coming from a virtual carrier, and the HARQ codebook construction rule before R-17 can be reused for this joint type-1 HARQ-ACK codebook. 
[bookmark: _Toc68642452]The index of virtual carrier associated with multicast traffic can be either explicitly configured via RRC signaling or implicitly determined by predefined rules. The predefined rule to determine virtual carrier index can be FFS.  

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Regarding whether to support enhanced type-2 or type-3 HARQ ACK codebook, our opinion is that it is not necessary. This is because the initial trigger of introducing enhanced type-2 or type-3 HARQ codebook is for unlicensed spectrum. Even though type-3 HARQ ACK codebook can be used for licensed as well, we do not think the use case that type-3 is targeting for occurs frequently in licensed spectrum. Therefore, enhanced type-2 or type-3 HARQ codebook for PTM shall not be within the scope of R-17.
[bookmark: _Toc68642453]Enhanced Type 2 or Type 3 HARQ-ACK codebooks are not supported for PTM traffic feedback
HARQ feedback priority

	Agreement:
The priority for HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast can be, 
· Lower, higher than or equal to the HARQ-ACK feedback for unicast
· FFS: How to reflect the priority in specification, e.g., whether it is configured or indicated to the UE
· [bookmark: OLE_LINK3]FFS: The total number of priorities across multicast and unicast
· FFS the priority between HARQ-ACK feedback for multicast and other UCI for unicast (SR, CSI) or PUSCH for unicast. 


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




In R-16, priority is introduced at PHY. High priority transmission can kick out low priority transmission at PHY layer. This is targeting the case when UE has mixed traffic with both URLLC and eMBB. Our view is that there are still two priorities at PHY layer even multicast traffic is in a cell. Multicast traffic can be either configured with high priority, or low priority, same for unicast traffic. Then the priority between HARQ-ACK feedback for multicast and other UCI for unicast or PUSCH for unicast reuse the same rules defined before R-17. Regarding the indication of priority, the rule defined in R-16 can be reused here. For HARQ feedback corresponding to dynamic scheduled traffic, its priority is indicated via DCI. For SPS, priority is indicated via RRC.  
[bookmark: _Toc68642454]There are still two priorities at PHY layer, Multicast traffic can be configured to have either the high priority, or low priority. The indication of priority reuse the rules from R-16.
[bookmark: OLE_LINK7][bookmark: OLE_LINK9]When UE is required to send HARQ-ACK feedback for both multicast and unicast traffic, and the transmission time is overlap, then HARQ-ACK feedback for multicast and unicast traffic are multiplexed into one PUCCH resource when they are configured with same priority. The rule to select the corresponding PUCCH resource can be similar as what is defined before R17. First decide the PUCCH resource set according to the number of HARQ-ACK feedback bits, second determine the specific PUCCH resource according to PRI in DCI. Here, the number of HARQ-ACK feedback bits is the sum of both multicast and unicast traffic. Considering that the necessity to configure multiple PUCCH resource sets for multicast is low, it is reasonable to determine PUCCH resource set and the specific PUCCH resource according to the PUCCH resource set and PRI associated with unicast traffic.
[bookmark: _Toc68642455]When multicast and unicast traffic has same priority and their PUCCH resource for HARQ feedback is overlap in time, the HARQ feedback from multicast and unicast traffic can be multiplexed. The PUCCH resource set is determined according to the total number of HARQ feedback bits of both multicast and unicast traffic, and the specific PUCCH resource is determined by the PRI in DCI associated with unicast traffic. 
When PUCCH resources for HARQ-ACK feedback is non-overlap in the same slot, then it is up to UE capability how to transmit PUCCH. If UE support to transmit more than one PUCCH with HARQ-ACK feedback per slot, then it is of course beneficial to let UE transmit the HARQ-ACK feedback for both multicast and unicast traffic in one slot. If UE can not support to transmit two HARQ-ACK feedback, then it is better to apply the multiplexing rule as defined in Proposal 12 when multicast and unicast is configured with same priority, otherwise, low priority PUCCH is discarded.    
[bookmark: _Toc68642456]When PUCCH resource for multicast and unicast is not overlapped in time, if UE UE has capability to transmit more than one PUCCH with HARQ per slot, then UE transmit HARQ feedback for both multicast and unicast traffic. If UE can only transmit one PUCCH with HARQ, multiplex multicast and unicast HARQ feedback into one PUCCH resource if they are configured with same priority. Otherwise, low priority PUCCH is dropped.
CSI
The following agreement was made in RAN1#103e:
	Agreements:
FFS whether CSI feedback enhancement is needed for MBS, including but not limited:
· New CQI measurement
· New CSI report formats
· Targeted BLER 
· CSI-RS configuration
· A-CSI-RS transmission triggering
· SRS configuration





Regarding CSI feedback for MBS, our view is that since PTM may be transmitted using different antenna ports compared to PTP, different CSI-RS need be configurable to UE. That is, besides the CSI-RS configured for normal unicast transmission, extra CSI-RS need be configurable for PTM transmission. However, the PTM CSI-RS are just additional CSI-RS resources, i.e. the configuration procedures from rel15/16 could support it. In the case of aperiodic CSI-RS, the transmission is triggered via DCI. In the unicast context, this is triggered via UE-specific PDCCH. In the context of MBS, the gNB may require the feedback simultaneously from the multiple UEs within the same MBS group in order to optimize the transmission. In this case, the gNB can trigger the aperiodic CSI-RS transmission either via UE specific PDCCH as in the unicast case or via group-common PDCCCH. Specifically, the latter case reduces signalling overhead.
[bookmark: _Toc68642461]The downlink signalling overhead due to aperiodic CSI-RS triggering through the DCI of UE-specific PDCCH increases with the number of UEs in the MBS group. 

[bookmark: _Toc68642457]Group-common PDCCH can be used to trigger aperiodic CSI-RS transmission across multiple UEs of the same MBS group 

[bookmark: _Toc54389118][bookmark: _Toc54389135]Conclusion
In the previous sections we made the following observations: 
Observation 1	UEs receiving multicast traffic can send HARQ feedback in different UL slots, which allows multiple UEs to share the same PUCCH resource in the frequency domain. This reduces the required number of PUCCH resources per UL slot.
Observation 2	Only those UEs should be configured for NACK-only mode that meet PDCCH error rates <=0.1% or that are SPSed.
Observation 3	It is desirable that all UEs can use the same set of PUCCH resources and the signals transmitted from different UEs for NACK-signal are not orthogonal. Since different UEs may have different cleared bits in their NACK-only HARQ codebook, a representation for each UE for the NACK-signals must generated such that they do not interfere with each other among UEs.
Observation 4	The downlink signalling overhead due to aperiodic CSI-RS triggering through the DCI of UE-specific PDCCH increases with the number of UEs in the MBS group.
Based on the discussion in the previous sections we propose the following:
Proposal 1	An RRC-configured additional time offset can be individually configured to each UE receiving multicast traffic. The HARQ ACK feedback delay is then the addition of the PDSCH-to-HARQ_feedback timing indicator in DCI plus this extra time offset.
Proposal 2	NACK-only based HARQ-ACK feedback for multicast shall be supported.
Proposal 3	We propose that the UEs can be dynamically reconfigured between NACK-only mode, ACK/NACK mode, and no feedback mode.
Proposal 4	For NACK-only transmission of HARQ feedback for group scheduling, a semi-static codebook is supported and dynamic codebook is not supported
Proposal 5	PUCCH formats 0 and 1 can be used for semistatic codebook.as a basis for NACK-only signaling
Proposal 6	Denoting the number of bits in the NACK-only codebook by N, downselect from the  following variants to create up to N NACK-only signals in the same uplink slot: a) Use multiple PUCCH resources in the same slot, M=2^N-1 PUCCH resources for N is the total number of PDSCHs for which the UE needs to provide feedback, each UE transmits on one of the resources according to the subset of PDSCHs for which the UE needs to signal NACK. b) Use multiple PUCCH resources in the same slot, where each PUCCH resource represents one bit in the NACK-only codebook and the UE needs to transmit multiple NACK signals, one on each PUCCH resource corresponding to a bit in the codebook for which the UE has to signal a NACK. FFS: Use the PUCCH format 0 or format 1 phase rotations and for format 1 the OCCs as dimension in addition to OFDM-symbol and PRB, i.e associate each rotation with a HARQ process. FFS: Associate each NACK signal with a subset of bits in the NACK-only codebook, where multiple UEs use the same PUCCH resource for the NACK-only signal relating to the same subset and the subset size may reduce to 1. A UE transmits the NACK signal if at least one bit of the associated subset of bits in the NACK-only codebook is cleared, i.e. indicates a PDSCH decoding failure. The gNB accordingly retransmits the transport blocks of all HARQ processes of the subset.
Proposal 7	Enabling/disabling HARQ-ACK feedback for MBS is supported by both RRC configuration and MAC CE.
Proposal 8	If enabling/disabling HARQ-ACK feedback for MBS is supported by MAC CE, the MAC CE message shall include a PUCCH resource indicator so that the UE knows which PUCCH resource to use. The mapping between PUCCH resource indicator and PUCCH resource is RRC configured.
The following agreement was made in RAN1#104e:
For Type-2 HARQ-ACK feedback construction:
Regarding the concatenation of Type-2 HARQ-ACK codebook for unicast and multicast, since DAI is counted separately between multicast and unicast, it is not possible to reuse the procedure in current spec to construct Type-2 HARQ codebook as the same position in the codebook maybe used by both unicast and multicast HARQ feedback. Therefore we propose to let UE construct Type-2 HARQ codebook for unicast and multicast separately, and then the multicast codebook just follows at the end of unicast codebook. As UE knows the total number HARQ bits from unicast, it means the multicast HARQ bit position in the concatenated codebook is its originally calculated one (when it is constructed separately) plus the total number of bits of unicast codebook.
Here is an example. Assuming UE1 is working with two carrier, C1 and C2. Both unicast and multicast traffic are scheduled in C1 and C2. UE is scheduled at K=4 with just unicast via both carrier C1 and C2, at K=3, with just multicast traffic via carrier C1, at K=2, with unicast via carrier C1 and multicast traffic via C2, and finally at K=1 with unicast traffic via carrier C2 and multicast traffic at carrier C1. The two numbers in each box are the DAI (c_DAI, t_DAI) which are counted separately for unicast and multicast traffic.
[image: ]
Whether to support concatenating more than one Type-2 HARQ-ACK codebook for multicast depends on whether to support more than one type of multicast traffic which are scheduled via different G-RNTI. We think there is possibility that a UE needs to receive more than one type of multicast traffic, therefore it is necessary to support concatenating more than one Type-2 HARQ ACK codebook for multicast. Then in this case, UE construct the codebook separately for unicast, and each multicast traffic which associated with a different G-RNTI. Within the joint codebook, the first part is the codebook of unicast, then follow the codebooks of multicast in increasing order of G-RNTI.
Proposal 9	For type-2 HARQ codebook, UE first constructs codebook for unicast and multicast traffic separately and then concatenate them together. Within this joint codebook, unicast HARQ bits precede, followed by multicast HARQ bits. If there are more than one type-2 codebook for multicast, the codebook associated with a smaller G-RNTI precedes the one associated with a larger G-RNTI
For type-1 HARQ-ACK feedback construction:
First, we would like to clarify the agreement regarding construction of type-1 HARQ-ACK codebook. In the agreement, only the union of the PDSCH TDRA sets of unicast and multicast service is mentioned as the factor to affect the construction of type-1 HARQ-ACK codebook. While we know that the construction of HARQ-ACK codebook is determined by the PDSCH-to-HARQ_feedback timing indicator in PDCCH which is either mapped to a predefined set in spec or to a set of dl-DataToUL-ACK configured in PUCCH, and for UEs that support receiving more than one PDSCH per slot, HARQ code book construction is then related to PDSCH TDRA set.
We assume the agreement is with implicit assumption that multicast service is not configured separate PUCCH configuration, or even with separate PUCCH configuration without dl-DataToUL-ACK.
As it is agreed that multicast service can be configured with separate PUCCH configuration, it is possible that multicast service is configured with a dl-DataToUL-ACK in its PUCCH configuration as well. Then we shall consider how HARQ-ACK codebook is constructed in this case.
When dl-DataToUL-ACK in multicast PUCCH configuration is the same as that in unicast PUCCH configuration, then the previous agreement is appropriate. If the set of dl-DataToUL-ACK in multicast PUCCH configuration is different from that in unicast PUCCH configuration, i.e. at least one of the items in the set dl-DataToUL-ACK of multicast PUCCH configuration is not within the set of the unicast PUCCH configuration, then the agreement needs to be revised, or complemented.
Here is an example.
Assuming the values in the set of dl-DataToUL-ACK are {3,4,5} in the unicast PUCCH configuration and {1,2,3} in the multicast PUCCH configuration, then the HARQ-ACK codebook should be constructed based on the union of the values of both configurations.
[image: ]
Regarding the impact of TDRA on HARQ-ACK codebook, the union of TDRA of unicast and multicast should only be taken into account at the DL slots when dl-DataToUL-ACK is overlapped between unicast and multicast configuration.
Proposal 10	When MBS traffic is configured with its own dl-DataToUl-Ack in PUCCH configuration, the number of bits in joint HARQ codebook is determined by the union of elements in the sets of K1 of both multicast and unicast where K1 of multicast is provided by dl-DataToUl-Ack in multicast PUCCH configuration and K1 of unicast is provided by dl-DataToUl-Ack in unicast PUCCH configuration or is predefined as {1,2,3,4,5,6,7,8}. The union of TDRA sets is considered at the DL slots given by the intersection of both K1 sets in multicast and unicast.
When multicast and unicast or multicast and multicast traffic can be FDMed in a slot, a rule is needed to construct type-1 HARQ-ACK codebook. we propose to treat MBS traffic as from a virtual carrier, and then use the rule to construct HARQ feedback codebook before R-17 as UE works with Carrier Aggregation. Regarding the carrier index of this virtual carrier, there could be two options.
Option 1: Explicitly configured by RRC, i.e. each multicast traffic scheduled by one G-RNTI is associated with a virtual carrier index.
Option 2: Implicitly via predefined rule, e.g. virtual carrier index is larger than that of the actual associated physical carrier but smaller than that of all other physical carriers. For example, there are two physical carriers with index C1 and C2 (C1<C2), multicast traffic is transmitted in C1, then the virtual carrier index C1’ for multicast carrier satisfies C1<C1’<C2. The virtual carrier index of multicast traffic scheduled with G-RNTI_1 is smaller than the virtual carrier index of multicast traffic scheduled with G-RNTI_2 if G-RNTI_1 < G_RNTI 2.
Proposal 11	When multicast and unicast or multicast and multicast traffic can be FDMed in a slot, multicast traffic scheduled by one G-RNTI is treated as coming from a virtual carrier, and the HARQ codebook construction rule before R-17 can be reused for this joint type-1 HARQ-ACK codebook.
Proposal 12	The index of virtual carrier associated with multicast traffic can be either explicitly configured via RRC signaling or implicitly determined by predefined rules. The predefined rule to determine virtual carrier index can be FFS.
Proposal 13	Enhanced Type 2 or Type 3 HARQ-ACK codebooks are not supported for PTM traffic feedback
Proposal 14	There are still two priorities at PHY layer, Multicast traffic can be configured to have either the high priority, or low priority. The indication of priority reuse the rules from R-16.
Proposal 15	When multicast and unicast traffic has same priority and their PUCCH resource for HARQ feedback is overlap in time, the HARQ feedback from multicast and unicast traffic can be multiplexed. The PUCCH resource set is determined according to the total number of HARQ feedback bits of both multicast and unicast traffic, and the specific PUCCH resource is determined by the PRI in DCI associated with unicast traffic.
Proposal 16	When PUCCH resource for multicast and unicast is not overlapped in time, if UE UE has capability to transmit more than one PUCCH with HARQ per slot, then UE transmit HARQ feedback for both multicast and unicast traffic. If UE can only transmit one PUCCH with HARQ, multiplex multicast and unicast HARQ feedback into one PUCCH resource if they are configured with same priority. Otherwise, low priority PUCCH is dropped.
Proposal 17	Group-common PDCCH can be used to trigger aperiodic CSI-RS transmission across multiple UEs of the same MBS group
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