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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the MBS WID [1], the objective for reliability is:
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
…
· 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]
In RAN1#104, while several agreements were reached for PUCCH and PDSCH, there were many FFS. This contributes provides observations and proposals for several open issues and also examines SPS.
Discussion
The topics from RAN1#104 ranged from configuration for PDSCH for improved reliability, HARQ-ACK feedback (types supported), and how to multiplex HARQ-ACK feedback.
PDSCH configuration
In RAN1#104, an agreement was reached for slot level repetition:
	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.



Another approach to improve the reliability of PDSCH is providing options for which MCS tables are used. In general, all UEs have three MCS tables (normal, qam256, and low-SE). The particular table used is captured in 38.214 [5] and may be different for each UE, e.g., based on RNTI and configuration. In order to ensure each UE is using the same MCS table for MBS, the configuration for MBS should include which MCS table to use. Note that for re-transmissions, the same table is used.
Proposal 1: For the same service, all RRC_CONNECTED UEs receiving multicast are configured with the same MCS table.
Another approach to improve the reliability of PDSCH is to enable full buffer rate matching (FBRM) on the downlink. Currently, limited buffer rate matching (LBRM) is used on the downlink while on the uplink, FBRM is used unless the LBRM feature is enabled. On the sidelink, FBRM is used for improving reliability of the PSSCH.
It is noted that decoder performance improves as the transport block size (TBS) increases. For small sized TBs, the mother code rate is 1/5 but with LBRM, the effective rate is 2/3. While repetition improves the SNR, using all the bits from the mother code provides additional gains in performance. With MBS, the additional gains can reduce the number of retransmissions for small sized TBs and/or reduce the number of resources needed. While FBRM increases soft buffer usage, a limit of the TB size can be considered to avoid large amounts for the soft buffer. 
Proposal 2: For MBS, FBRM should be used to improve performance for small sized TBs.
SPS configuration
With the agreements for supporting SPS for MBS in the “Mechanisms to support group scheduling for RRC_CONNECTED UEs” agenda item, aspects for addressing reliability need to be addressed, including
· What MCS table should be used
· Whether to support ACK/NACK based HARQ-ACK feedback
· Whether to support NACK-only base HARQ-ACK feedback
· Which PUCCH resources to use
In order to address some of these questions, the RRC configuration for SPS in 38.331 [2] is examined first to determine whether the current parameters are applicable for MBS and whether modification are needed.
-- ASN1START
-- TAG-SPS-CONFIG-START

SPS-Config ::=                  SEQUENCE {
    periodicity                     ENUMERATED {ms10, ms20, ms32, ms40, ms64, ms80, ms128, ms160, ms320, ms640,
                                                        spare6, spare5, spare4, spare3, spare2, spare1},
    nrofHARQ-Processes              INTEGER (1..8),
    n1PUCCH-AN                      PUCCH-ResourceId             OPTIONAL,   -- Need M
    mcs-Table                       ENUMERATED {qam64LowSE}      OPTIONAL,   -- Need S
    ...,
    [[
    sps-ConfigIndex-r16             SPS-ConfigIndex-r16          OPTIONAL,   -- Cond SPS-List
    harq-ProcID-Offset-r16          INTEGER (0..15)              OPTIONAL,   -- Need R
    periodicityExt-r16              INTEGER (1..5120)            OPTIONAL,   -- Need R
    harq-CodebookID-r16             INTEGER (1..2)               OPTIONAL,   -- Need R
    pdsch-AggregationFactor-r16     ENUMERATED {n1, n2, n4, n8 } OPTIONAL    -- Need S
    ]]
}

-- TAG-SPS-CONFIG-STOP
-- ASN1STOP

The parameters can be divided into a group configuration and a dedicated configuration, as shown below.
Table 1. Applicability of SPS parameters for MBS
	Parameter
	Description
	Dedicated
	Group
	Applicable for MBS

	harq-CodebookID-r16
	Indicates the HARQ-ACK codebook index for the corresponding HARQ-ACK codebook for SPS PDSCH and ACK for SPS PDSCH release.
	x
	
	Y

	harq-ProcID-Offset-r16
	Indicates the offset used in deriving the HARQ process IDs
	
	X
	Y

	mcs-Table
	Indicates the MCS table the UE shall use for DL SPS (other tables can be used)
	
	X
	Y

	n1PUCCH-AN
	HARQ resource for PUCCH for DL SPS. The network configures the resource either as format0 or format1. The actual PUCCH-Resource is configured in PUCCH-Config and referred to by its ID
	x
	
	Y

	nrofHARQ-Processes
	Number of configured HARQ processes for SPS DL
	
	X
	Y

	pdsch-AggregationFactor-r16
	Number of repetitions for SPS PDSCH
	
	X
	Y

	periodicity
	Periodicity for DL SPS
	
	X
	Y

	periodicityExt-r16
	This field is used to calculate the periodicity for DL SPS
	
	
	Y

	sps-ConfigIndex-r16
	Indicates the index of one of multiple SPS configurations
	?
	?
	Y



The parameters can be organized by functionality:
· SPS process management: The parameters periodicity and periodicityExt-r16 are needed for determining the periodicity of transmission. If multiple SPS processes are supported, the parameter sps-ConfigIndex-r16 indicates which SPS process is configured.
· PDSCH configuration: The parameter mcs-Table may need to be modified so that the table is explicitly indicated to all UEs. The parameter pdsch-AggregationFactor-r16 indicates whether repetitions are used. It complements the agreement for slot-level repetition.
· HARQ process: The parameters nrofHARQ-Processes and harq-ProcID-Offset-r16 are used in a formula [4] to determine the HARQ process number for the transmission. The formula uses the periodicity and SFN to compute a HARQ process number in the range from harq-ProcID-Offset and ending at harq-ProcID-Offset + nrofHARQ-Processes–1.
· HARQ-ACK feedback: harq-CodebookID-r16 and n1PUCCH-AN may be UE-specific parameters and may need to be modified based on agreements for non-SPS processes in [6].
Most the parameters are relevant to MBS.
Proposal 3: Developing the SPS configuration for MBS should use the current specified SPS configuration as a baseline.
PUCCH Configuration and multiplexing
In RAN1#104, it was agreed to have either a separate PUCCH-Config for multicast or to use the existing unicast PUCCH-Config.
	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.



Further discussions in the meeting focused aspects of multiplexing, with the following agreements (listed in the appendix). One point for clarification is when a UE is configured with separate PUCCH-Config for multicast and for unicast, if multiplexing of unicast and multicast feedback is needed, which PUCCH configuration should be used: the unicast or multicast.
Observation 1: if a UE is configured with a PUCCH-Config for both multicast and unicast, which configuration is used when HARQ-ACK bits are multiplexed needs some clarification.
Enabling HARQ-ACK feedback
One question from the RAN1#104 meeting was how to enable/disable HARQ-ACK feedback.
	[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.



It is understood that with option 2, if changing between enable/disable HARQ-ACK feedback does not occur frequently, then the DCI overhead for option 3 may not be needed. When changing is frequent, sending the RRC configuration to each UE has a high overhead. One example of first disabling and then enabling feedback is when the network may not want feedback for the first transmission but for subsequent retransmissions (e.g., with aggressive scheduling). The network should have the flexibility to support dynamic enabling/disabling of HARQ-ACK feedback depending on the scenario.
Proposal 4: Support option 3 for enabling/disabling HARQ-ACK feedback.
NACK-only based feedback
In RAN1#104, it was agreed to support ACK/NACK based HARQ-ACK feedback.
	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. 



In RAN1#104, some companies had objections to NACK-only based feedback in general. There are two types of NACK-only based feedback that should be considered: group common resource and the other is UE-specific resource. The benefit of a group common resource is that the gNB has to monitor one resource, especially because the gNB does not have to multiplex feedback to determine if a PTM mode 1 re-transmission is needed. For a UE-specific resource, the network knows which UE responded. From a UE perspective, it is transparent because the network configures which PUCCH resource to use. 
If supported, the details for NACK-only based feedback need to be developed. In one aspect, the gNB can use a form of energy detection, similar to LTE transmissions of PUCCH format 1a (FDD) when SR can be multiplexed with HARQ-ACK feedback. One resource is used for a positive SR while another resource is used for a negative SR. Some possible reasons when no activity is detected on either resource are the corresponding PDCCH was not received and the PUCCH was not received.
With NACK-only feedback, if the corresponding PDCCH was not received, the absence of feedback would imply the TB was successfully received. To reduce the likelihood of not receiving the PDCCH, NACK-only feedback can be used with SPS.
Given the support for NACK-only based feedback, one approach to proceed is to make NACK-only feedback support a working assumption and confirm later after the design is set.
Proposal 5: Support NACK-only feedback a working assumption and confirm later after the design is set
In RAN1#104, there was discussion about which type of feedback is supported for retransmission schemes. This proposal should be discussed.
	Proposal: (retransmission schemes)
For retransmission schemes for RRC_CONNECTED UE receiving multicast, 
· for ACK/NACK based HARQ-ACK feedback if supported, support PTP and PTM scheme 1;
· for NACK-only based HARQ-ACK feedback if supported, support PTM scheme 1. 



[bookmark: _Ref129681832]Conclusion
In this contribution, we propose
Proposal 1: For the same service, all RRC_CONNECTED UEs receiving multicast are configured with the same MCS table.
Proposal 2: For MBS, FBRM should be used to improve performance for small sized TBs.
Proposal 3: Developing the SPS configuration for MBS should use the current specified SPS configuration as a baseline.
Observation 1: if a UE is configured with a PUCCH-Config for both multicast and unicast, which configuration is used when HARQ-ACK bits are multiplexed needs some clarification.
Proposal 4: Support option 3 for enabling/disabling HARQ-ACK feedback.
Proposal 5: Support NACK-only feedback a working assumption and confirm later after the design is set
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Appendix
Agreement for PUCCH from RAN1#104
	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. 



	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. 



	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. 



	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. 



