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Introduction
In this contribution, we provide our view on the outstanding issues bor the reliability mechanisms for NR MBS, based on the agreements made during RAN1#103. 
[bookmark: _Ref178064866]Discussion
HARQ mechanism for PTM scheme 1  
This section follows up on the following agreement from RAN1#103e:

	Agreements:
For RRC_CONNECTED UEs receiving multicast, at least for PTM scheme 1, support at least one of the following:
· ACK/NACK based HARQ-ACK feedback for multicast, 
· From per UE perspective, UE feedback ACK or NACK. 
· From UEs within the group perspective, 
· FFS: PUCCH resource configuration for ACK/NACK feedback e.g., shared or separate PUCCH resources. 
· FFS details including conditions for it to be used
· NACK-only based HARQ-ACK feedback for multicast, 
· From per UE perspective, UE only feedback NACK. 
· From UEs within the group perspective, further down-select between:
· FFS: PUCCH resource configuration for NACK only feedback. 
· FFS details including conditions for it to be used
· To decide in RAN1#104-e whether or not to support only one or both of the above schemes
· If both are supported, FFS configuration/selection of ACK/NACK-based and NACK-only based HARQ-ACK feedback 




PUCCH resource configuration for ACK/NACK
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]
	Agreements:
For RRC_CONNECTED UEs receiving multicast, for ACK/NACK based HARQ-ACK feedback if supported for group-common PDCCH scheduling, PUCCH resource configuration for HARQ-ACK feedback from per UE perspective is, down-select one of the following options:
· Option 1: shared with PUCCH resource configuration for HARQ-ACK feedback for unicast
· Option 2: separate from PUCCH resource configuration for HARQ-ACK feedback for unicast
· Option 3: Option 1 or option 2 based on configuration




Regarding the PUCCH resource for ACK/NACK based HARQ feedback for group-common PDCCH scheduling, we prefer option 3, i.e. either option 1 or option 2 based on configuration. 
The advantage of option 1 is that it supports PTP and PTM HARQ feedback multiplexing in one PUCCH resource. However, it needs to solve the issue that one PRI in DCI can point to different PUCCH resources for a group of UE. By carefully configuring the PUCCH resources to be different for different UE via RRC, this issue can be solved. However, as the same PUCCH resource is also used for unicast, then gNB needs to be careful that the configuration for PTM does not result in a problem during unicast scheduling. 
For option 2, i.e. dedicated PUCCH resource for multicast within each UE which is separated from unicast, since the PUCCH resource for PTM is different from unicast, gNB would not worry that the allocation of PUCCH resource for PTM may conflict with the allocation of PUCCH resoruce for PTP. The drawback is that if PTM and PTP HARQ feedback is within the same UL slot, only one of them can be transmitted. However, this is not a big problem because gNB implementation can avoid scheduling PTP and PTM HARQ feedback in the same UL slot.

That is, either option has advantages and disadvantages. We therefore propose Option 3.

[bookmark: _Toc61908929][bookmark: OLE_LINK4]For RRC_CONNECTED UEs receiving multicast, for ACK/NACK based HARQ-ACK feedback if supported for group-common PDCCH scheduling, PUCCH resource configuration for HARQ-ACK feedback from per UE perspective can be either shared with PUCCH resource configuration for HARQ-ACK feedback for unicast, or separate from PUCCH resource configuration for HARQ-ACK feedback for unicast (option 3 from RAN1#103) 
One argument against ACK/NACK based HARQ feedback is about the too many PUCCH resources needed at one UL slot for this solution. This can be solved by spreading the HARQ-ACK feedback from all UEs in a PTM group into different UL slots. That is, besides the DL to UL HARQ feedback timing indicated in DCI in PDCCH, network can configure each UE in PTM group an extra time offset. The final timing for UE to send HARQ feedback is the time indicated in DCI plus this extra time offset. UE in different slots can then multiplex the same PUCCH resource, then the per-slot PUCCH resource scarcity issue can be alleviated. Each UE is RRC configured with a dedicated delay. 

[bookmark: _Toc61908930]To spread the HARQ-ACK in time domain for a group of UE to avoid PUCCH resource limitation, an extra time offset can be configured to each UE in PTM group via RRC signaling. The HARQ ACK feedback delay is then the sum of the PDSCH-to-HARQ_feedback timing indicator in DCI plus this extra time offset.

Furthermore, if there are too many UEs, it is also possible to disable HARQ ACK/NACK transmission of some UE to reduce the required PUCCH resources which will be discussed in 2.1.3. 


PUCCH resource configuration for NACK only feedback.
	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





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.. 

[bookmark: _Toc61908931]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 can be used as a basis for NACK-only signaling. 

For transmitting NACK feedback signals for multiple PDSCHs from multiple UEs in a multicast group in the same uplink slot, the following variants can be used, where the first 2 are mutually exclusive, the other 2 can be combined with either of the first 2:

· Use multiple PUCCH resources in the same slot, M=2^N PUCCH resources for N HARQ processes, each UE transmits on one of the resources according to the subset of HARQ processes for which the UE needs to signal NACK.
· Use multiple PUCCH resources in the same slot, where each PUCCH resource represents one HARQ process and the UE needs to transmit multiple NACK signals, one on each PUCCH resource corresponding to a HARQ process for which the UE has to signal a NACK.
· Use the PUCCH format 0 phase rotations as dimension in addition to OFDM-symbol and PRB, i.e associate each rotation with a HARQ process.
· Associate each NACK signal with a set of HARQ processes, where multple UEs use the same PUCCH resource for the NACK-only signal relating to the same subset of HARQ processes, and the subset size may reduce to 1. A UE transmits the NACK signal if at least one process of the associated subset of HARQ processes has a decoding failure and the gNB accordingly retransmits the transport blocks of all HARQ processes of the subset.

[bookmark: _Toc61908932]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.

We observe that the aggregate transmit energy generated by all UEs sending NACK on the common PUCCH resource depends on the number of UEs transmitting a NACK. In order to avoid excessive intra- and intracell interference from high aggregate transmit energy, the total number of UEs sharing a common PUCCH should be limited. For this reason we propose the set of UEs in NACK-only mode can be distributed, preferrably equally, over a set of PUCCH resources. 
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.

Enable/disable HARQ mechanism
	Agreements:
Enabling/disabling HARQ-ACK feedback for MBS is supported, further down-select between:
· Option 1: DCI
· Option 2: RRC configures enabling/disabling
· Option 3: RRC configures the enabling/ disabling function and DCI indicates enabling /disabling
· FFS: Option 4: MAC-CE indicates enabling/disabling
· FFS: Option 5: RRC configures the enabling/ disabling function and MAC-CE indicates enabling /disabling




We believe the introduction of enabling/disalbing 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 raraly 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 some can then be enabled to send HARQ-ACK feedback using the PUCCH resource just released. Therefore, our opinion is that we can support option 2 and option 4. DCI based solutions (option 1 and 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. 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 enabled to send HARQ-ACK feedback, another UE needs be disabled to send HARQ-ACK feedback using the PUCCH resource released by this disabled UE when there are no more PUCCH resource available. For RRC based solution, RRC can configure (enable) or not configure (disable)a specific PUCCH resources 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. Another special (or more if needed) index, e.g. MAXNROFPUCCH-1, can be used to indicate a common NACK based PUCCH resource. 

[bookmark: _Toc61908933]Enabling/disabling HARQ-ACK feedback for MBS is supported by either RRC configuration or MAC CE signalling (option 2 and 4). 
[bookmark: _Toc61908934]In the case of  MAC CE, shall include the PUCCH resource indicator so that the UE knows which PUCCH resource to use.

HARQ codebook design  
	Agreements:
For ACK/NACK based HARQ-ACK feedback if supported, both Type-1 and Type-2 HARQ-ACK codebook are supported for RRC_CONNECTED UEs receiving multicast, 
·        FFS details of HARQ-ACK codebook design. 
·         FFS whether enhanced Type-2 and/or Type-3 HARQ-ACK codebook is supported or not.




For HARQ codebook design, our opinion is that it is desirable to simplify the specification work in this area. Therefore, we prefer to avoid PTM and PTP HARQ feedback in the same UL slot, which can be ensured via gNB implementation. Then it is not necessary to specify new multiplexing rule between PTP and PTM HARQ feedback in one codebook. If PTM and PTP HARQ feedback have to be in the same UL slot, we prefer to design a simple prioritization/discard scheme. That is, only one type of HARQ feedback (PTM or PTP) is transmitted and the other type of HARQ feedback is discarded. Which HARQ feedback to discard is according to some simple rules, e.g. always discard PTP HARQ feedback, always discard PTM HARQ feedback, or discard the HARQ feedback with less number of bits.
[bookmark: _Toc61908935]The UE does not expect to transmit HARQ feedback in the same slot for PTM and PTP, and PTP and PTM do not share a common codebook. When the UE receives PTM and PTP so that the HARQ feedback is in the same slot for PTM and PTP, the UE applies a rule to drop either PTM or PTP HARQ feedback. 
0. [bookmark: _Toc61908936]FFS dropping rule 
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: _Toc61908937]Type 2 or Type 3 HARQ-ACK codebooks are not supported for PTM


PDSCH repetitions  
The following agreement was made in RAN1#103e:
	Agreements:
For slot-level repetition for group-common PDSCH of RRC_CONNECTED UEs, for indicating the repetition number, further down-select among:
· Opt 1: by DCI
· Opt 2: by RRC
· Opt 3: by RRC+DCI
· FFS: Opt 4: by MAC-CE
· FFS: Opt 5: by RRC+MAC-CE
· FFS details for each option. 
· FFS further enhancements for configuration of slot-level repetition




The current specification feature to handle PDSCH repetition is by using either RRC configuration of the number of slot over which the PSDCH is aggregated (a) by means of the IE pdsch-AggregationFactor repetition that indicates the number of repetitions (2 or 4 or 8) for data with the corresponding redundancy version to be applied on the nth transmission occasion of the transport block, rvid, indicated via DCI , or (b) with a combination of RRC and DCI, i.e., by using the PDSCH TDRA (time domain resource allocation) framework, where the UE can be configured with the slot based repetition scheme via the IE RepetitionSchemeConfig and with the parameter repetitionNumber in IE PDSCH-TimeDomainResourceAllocationList with the possibility to dynamically change the repetition pattern via DCI. Therefore, the option 2 and 3 are already supported by the current specification.  
Additionally, we think the repetition number may be sent to individual UEs by MAC CE. This way, a UE in a group PDSCH transmission can be individually controlled to start decoding after a given number of repetitions and to transmit HARQ. This allows to reduce the amount of buffering required for some UEs not needing to do so and may provide some power saving. Since this is a new feature for NR, we are open to keep it FFS for now. 
[bookmark: _Toc61900097]The existing PDSCH frameworks for repetition cover both options 2 and 3.
[bookmark: _Toc61908938]Options 2&3 are already supported by specifications while option 4 is considered for FFS.  
Retransmission schemes for PTM1  
The following agreement was made in RAN1#103e:
	Agreements:
From the perspective of RRC_CONNECTED UEs receiving multicast, at least for PTM scheme 1 initial transmission, retransmission supports, for the purpose of down-selection, options are:
· Option 1: group-common PDCCH scheduled group-common PDSCH
· Option 2: UE-specific PDCCH scheduled PDSCH
· Alt 1: PDSCH is UE-specific PDSCH
· Alt 2: PDSCH is group-common PDSCH
· Option 3: both option 1 and option 2
· FFS other options
· FFS CBG based retransmission




The issue of how to handle retransmission is also treated in the first agenda item (8.12.1). we therefore propose not to further discuss these issues in  AI 8.12.2 and treats the options and proposed FFS together with those proposed in 8.12.1.
[bookmark: _Toc61908939]The discussion for retransmission support is moved to agenda 8.12.1
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




Table 1: configuration of CSI RS and CSI reporting
	CSI-RS Configuration
	Periodic CSI Reporting
	Semi-Persistent CSI Reporting
	Aperiodic CSI Reporting

	Periodic CSI-RS
	No dynamic triggering/activation
	Reporting on PUCCH: the UE receives a selection command*
Reporting on PUSCH: DCI
	DCI

	Semi-Persistent CSI-RS
	Not Supported
	Reporting on PUCCH: the UE receives a selection command*
Reporting on PUSCH: DCI
	DCI

	Aperiodic CSI-RS
	Not Supported
	Not Supported
	DCI



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. 
Regarding CSI report, we prefer to have periodic CSI feedback which is carried in PUCCH resource. Aperiodic CSI report requires to be transmitted in PUSCH. If this aperiodic CSI report is triggered by a DCI scrambled with C-RNTI, UE need to know which CSI report (PTM or PTP) is triggered. This means DCI needs to be be updated.
Observation 1 [bookmark: OLE_LINK8]The Rel. 15/16 framework of CSI-RS, CSI measurements and reporting utilized for PTP can be reused for PTM. No enhancements seem necessary.
[bookmark: _Toc54389118][bookmark: _Toc54389135][bookmark: OLE_LINK15][bookmark: _Toc61908940]	The existing Rel. 15/16 framework of periodic CSI feedback is reused for multicast/PTM with no further additions. 
0. [bookmark: _Toc61908941]FFS use of periodic or aperiodic CSI feedback for PTM.
Conclusion
In the previous sections we made the following observations: 
Observation 1	The existing PDSCH frameworks for repetition cover both options 2 and 3.
Based on the discussion in the previous sections we propose the following:
Proposal 1	For RRC_CONNECTED UEs receiving multicast, for ACK/NACK based HARQ-ACK feedback if supported for group-common PDCCH scheduling, PUCCH resource configuration for HARQ-ACK feedback from per UE perspective can be either shared with PUCCH resource configuration for HARQ-ACK feedback for unicast, or separate from PUCCH resource configuration for HARQ-ACK feedback for unicast (option 3 from RAN1#103)
Proposal 2	To spread the HARQ-ACK in time domain for a group of UE to avoid PUCCH resource limitation, an extra time offset can be configured to each UE in PTM group via RRC signaling. The HARQ ACK feedback delay is then the sum of the PDSCH-to-HARQ_feedback timing indicator in DCI plus this extra time offset.
Proposal 3	For NACK-only transmission of HARQ feedback for group scheduling, a semi-static codebook is supported and dynamic codebook is not supported
Proposal 4	PUCCH format 0 can be used for semistatic codebook.as a basis for NACK-only signaling
Proposal 5	Enabling/disabling HARQ-ACK feedback for MBS is supported by either RRC configuration or MAC CE signalling (option 2 and 4).
Proposal 6	In the case of  MAC CE, shall include the PUCCH resource indicator so that the UE knows which PUCCH resource to use.
Proposal 7	The UE does not expect to transmit HARQ feedback in the same slot for PTM and PTP, and PTP and PTM do not share a common codebook. When the UE receives PTM and PTP so that the HARQ feedback is in the same slot for PTM and PTP, the UE applies a rule to drop either PTM or PTP HARQ feedback.
a.	FFS dropping rule
Proposal 8	Type 2 or Type 3 HARQ-ACK codebooks are not supported for PTM
Proposal 9	Options 2&3 are already supported by specifications while option 4 is considered for FFS.
Proposal 10	The discussion for retransmission support is moved to agenda 8.12.1
Proposal 11	The existing Rel. 15/16 framework of periodic CSI feedback is reused for multicast/PTM with no further additions. 
a.	FFS use of periodic or aperiodic CSI feedback for PTM.
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