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1. Introduction 
In this document, we will present our views on remaining details of group scheduling for Multicast RRC_CONNECTED UEs.

2. Discussion 
2.1 Active BWP with an MBS CFR
For legacy RRC_CONNECTED UEs, timer-based activation/deactivation of BWP is supported for a UE to switch its active BWP to a default BWP. NR supports a dedicated timer for timer-based active BWP switching. For example, a UE starts or restarts the bwp-InactivityTimer associated with the active DL BWP when it successfully decodes a PDCCH addressed to UE-specific RNTI (e.g., C-RNTI or CS-RNTI) on or for the active DL BWP. If the timer expires, a UE falls back to the default DL BWP for power saving. 
If a UE is configured with a MBS CFR associated with the active DL BWP, there will be not only unicast transmission but also MBS transmission within the same active DL BWP. As illustrated in Figure 1, besides the legacy behavior of detecting a PDCCH addressed to unicast RNTI, a UE starts or restarts the timer when it successfully decodes a GC-PDCCH addressed to group RNTI (e.g., G-RNTI or G-CS-RNTI) in the CFR associated with the active DL BWP. The UE currently receiving its interested multicast services with GC-PDCCH in the CFR should not switch from the active BWP to default BWP. Whether the default BWP is associated with a CFR is up to gNB configuration. If the default BWP is configured with a CFR (same or different than that of the active BWP), the UE can restart multicast reception in the default BWP after the switching gap. However, the multicast transmission in the active BWP should not be interrupted by counting the timer for GC-PDCCH.  
There is a proposal to introduce a new inactive timer for multicast services. For the same multicast TB, it can be transmitted via PTM and/or PTP retransmission. It is complicated and unnecessary for UE to apply two timers for PTM and PTP transmission for the same TB. 
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Figure 1 timer-based activation/deactivation of BWP with an MBS CFR 

Proposal 1: If timer-based activation/deactivation of BWP for a UE is enabled
· If a UE is configured with an MBS CFR associated with the active DL BWP, the UE maintains the active BWP timer for both unicast and MBS within the active DL BWP.
· A UE starts or restarts the timer when it successfully decodes a PDCCH addressed to unicast RNTI (e.g., C-RNTI or CS-RNTI) or a GC-PDCCH addressed to group RNTI (e.g., G-RNTI or G-CS-RNTI) in the MBS CFR within the active DL BWP.  

2.2 Rate matching of GC-PDSCH for Multicast
In previous RAN1 meeting, we have agreed
Agreement:
For LBRM and TBS determination for GC-PDSCH:
· The maximum number of layers can be provided by maxMIMO-Layers in PDSCH-Config for MBS in CFR; if not provided, a default value is defined.
· FFS the default value.
· The maximum modulation order can be determined from mcs-Table in PDSCH-Config for MBS in CFR; 
· FFS: if mcs-Table in PDSCH-Config for MBS is not configured in CFR, a value determined from mcs-Table in PDSCH-Config for unicast in the active DL BWP is used; if the mcs-Table in PDSCH-Config for unicast is not configured, Table 5.1.3.1-1 in TS38.214 is used (similar as the default value in R16). 
· xOverhead can be provided in PDSCH-Config for MBS in CFR; if not provided, a default value of zero is used.
· The number of PRBs is determined based on the size of CFR.

Regarding the FFS parts, it is more straightforward to predefine the default values, i.e.,
· For the maximum number of layers of MBS, the default value is 1.
· For mcs-Table for GC-PDSCH, the default value is based on Table 5.1.3.1-1 in TS38.214 (similar as the default value in R16).

Proposal 2: For multicast RRC_CONNECTED UEs, 
· For the maximum number of layers of MBS, the default value is 1.
· For mcs-Table for GC-PDSCH, the default value is based on Table 5.1.3.1-1 in TS38.214 (similar as the default value in R16).

Besides the above parameters, there are other parameters for GC-PDSCH rate matching. RAN1 has agreed to configure one pdsch-Config for MBS per CFR. The RM patterns and ZP CSI-RS can be configured in pdsch-Config for rate matching purpose. For GC-PDSCH, the RM patterns as well as ZP CSI-RS REs required to be aligned among the multicast UE groups to receive the GC-PDSCH. If SPS ZP CSI-RS is configured, the issue with this is that it requires MAC-CE for activation/deactivation. In order to align the ‘active time’, we need to allow the MAC-CE over GC-PDSCH instead of UE-specific PDSCH. 

Proposal 3: For multicast RRC_CONNECTED UEs, ZP CSI-RS can be configured in pdsch-Config-Multicast for GC-PDSCH rate matching. 
· If SPS ZP CSI-RS is configured in a pdsch-Config-Multicast, the MAC-CE over GC-PDSCH can be used to active SPS ZP CSI-RS configured per CFR.

As discussed in last meeting, the LBRM/TBS for unicast and multicast could be different. The PTM for multicast should be based on the LBRM/TB configuration in a CFR; the PTP for unicast is using the legacy configuration in the dedicated BWP. However, it is unclear whether PTP retransmission for multicast should follow the same way as PTP for unicast or PTM for multicast. Considering the TB transmitted in the PTP retx is same as that of PTM initial transmission, the LBRM/TB of PTP retx should be aligned with that of PTM initial transmission. The UE will use the same LBRM to soft-combine the initial and retransmission.
Proposal 4: The PTP retransmission for multicast is based on LBRM of the PTM initial transmission using same HPID and NDI.


2.3 Configuration of GC-PDCCH for Multicast
Regarding whether/how to share CORESET between unicast and multicast, we have the following options:
Agreement:
If a CFR is configured for multicast in RRC-CONNECTED state and confined within a dedicated unicast BWP, further study the following options.
· Option 1: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for multicast transmission if the CORESET is fully contained in the CFR in frequency domain, and the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.
· Option 2: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP cannot be used for multicast transmission even if the CORESET is fully contained in the CFR in frequency domain, and the CORESET configured in PDCCH-config for MBS in the CFR cannot be used for unicast transmission.
· Option 3: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for multicast transmission if the CORESET is fully contained in the CFR in frequency domain, but the CORESET configured in PDCCH-config for MBS in the CFR cannot be used for unicast transmission.
· Option 4: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP cannot be used for multicast transmission even if the CORESET is fully contained in the CFR in frequency domain, but the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.

If a CORESET is configured in a CFR, the UEs in the multicast group can monitor the PDCCH within the CORESET. So, we think this CORESET can be used for unicast, including PTP transmission for unicast service and PTP retransmission for multicast service. If we support the CORESET configured in the CFR to be shared by unicast, we don’t need to duplicate the same configuration in pdcch-config of the dedicated BWP.
On the other hand, we prefer no impact on legacy CORESET, i.e., the CORESET configured in the dedicated BWP is not used for multicast GC-PDCCH. The reason is that even when the legacy CORESET is within the frequency range of the CFR, the unicast beam activated for the legacy CORESET may not be applicable to multicast transmission. More discussion about TCI states for unicast and multicast is in Sect. 2.4. Therefore, we prefer
Proposal 5: If a CFR is configured for multicast in RRC-CONNECTED state and confined within a dedicated unicast BWP, 
· Option 4: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP cannot be used for PTM-1 multicast transmission even if the CORESET is fully contained in the CFR in frequency domain, but the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission including PTP transmission for unicast and PTP retransmission for multicast.

For SS of GC-PDCCH, RAN1 has agreed:
Agreement:
For CSS of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, Alt 2 is supported:
· Alt 2: support a Type-x CSS
· The monitoring priority of Type-x CSS is determined based on the search space set indexes of the Type-x CSS set and USS sets, regardless of which DCI format of group-common PDCCH is configured in the Type-x CSS.
· FFS: Whether the Type-x CSS is a Type-3 CSS

Conclusion:
The specification impact of having a new Type-x CSS for GC-PDCCH in RRC_CONNECTED state can be studied and discussed further.

We think the Type-x CSS is different than the legacy Type-3 CSS. The Type-x CSS is specific for GC-PDCCH, which can configure the 1st DCI format based on DCI format 1_0 and the 2nd DCI format based on DCI format 1_1. The DCI format 2_x is not needed in Type-x CSS.

Proposal 6: For RRC_CONNECTED UEs, Type-x CSS can be configured with 1st and/or 2nd DCI format with G-RNTI(s) for multicast.

Regarding the details of the DCI format and DCI size,
Agreement:
The first DCI format for GC-PDCCH uses the same fields as DCI format 1_0 with CRC scrambled by C-RNTI with the following modifications:
· At least ‘Identifier for DCI formats’ is not needed.
· FFS: Whether the field should be ignored and reserved, or should be removed.
Agreement:
For FDRA determination of the first DCI format for GC-PDCCH, down-select from Option 2 and updated Option 3.
· Option 2:
· 
 is given by
· the size of CORESET 0 if CORESET 0 is configured for the cell; and
· the size of initial DL bandwidth part if CORESET 0 is not configured for the cell.
· For resource indication value (RIV) of downlink resource allocation type 1, the similar scheme as for the case that the DCI size for DCI format 1_0 in USS is derived from the size of DCI format 1_0 in CSS but applied to an active BWP is used.
· FFS details, e.g., if the size of CFR (i.e. ) is larger than the size of CORESET0/initial DL bandwidth part, the resource indication value (RIV) is defined as in section 5.1.2.2.2 in TS38.214, where K is the maximum value from set {1, 2, 4, 8} which satisfies ;otherwise, 
· 
Option 3:  is given by the size of CFR in the active DL BWP
· If the size of the first DCI format for GC-PDCCH prior to truncation is larger than the size of DCI format 1_0 monitored in CSS, the bit width of the FDRA field in the first DCI format for GC-PDCCH is reduced by truncating the first few most significant bits such that the size of the first DCI format for GC-PDCCH equals the size of DCI format 1_0 monitored in CSS.
· FFS: Whether the removed/reserved fields can be repurposed for FDRA
· FFS: Solution for the case where the size of the first DCI format for GC-PDCCH prior to padding is smaller than the size of DCI format 1_0 monitored in CSS.

For DCI size alignment, we prefer to count G-RNTI as ‘C-RNTI’ instead of ‘other RNTI’ and align between GC-PDCCH and unicast PDCCH using the same DCI format. It will impact the unicast DCI size but will be limited to the UEs in the multicast group. However, if aligning with ‘other RNTI’, the size alignment for multicast will have impact on legacy UEs even without supporting multicast. Based on RAN1 agreement, the DCIs for multicast uses DCI 1_0, DCI 1_1 as baseline, instead of DCI 2_x. There will be more commonality between DCIs for G-RNTI and C-RNTI, compared with G-RNTI and ‘other RNTI’. The detailed configuration can be further studied. The size for alignment is indicated to the UE in the group via RRC signaling.
Via group scheduling, the fast power control per UE feedback is not needed in the GC-DCI. The ‘TPC command for scheduled PUCCH’ in both first and second DCI is not needed.
 For the FDRA of the first DCI format, Option 2 is slightly preferred 
Proposal 7: For multicast GC-PDCCH,
· For the first DCI format 
· Option 2 is used to determine the FDRA.
· ‘TPC command for scheduled PUCCH’ is not needed
· For second DCI format 
· For DCI size alignment, the DCI size of the second DCI format is indicated via unicast RRC.
· ‘TPC command for scheduled PUCCH’ is not needed

The GC-PDCCH monitoring for multicast may increase the number of BDs/CCEs on top of unicast PDCCH monitoring in a serving cell. If we always split the number of BDs/CCEs between unicast and multicast in the same CC, it would significantly restrict the multicast or unicast scheduling. For example, if one of the UE in the multicast group has high urgent unicast traffic, gNB may not be able to schedule multicast to the UE group due to the BD/CCE limit of one UE. Therefore, we prefer to enable that the multicast can be counted as a virtual CC similar as multi-TRP framework. If the total budget of BDs/CCEs is shared between GC-PDCCH and unicast PDCCH across all the CCs, it will not require additional UE complexity. Referring to the mTRP design, we propose

Proposal 8: For RRC_CONNECTED multicast UEs supporting CA capability, support the following principles for determining  /   and the maximum numbers of BD/CCE UE is required to monitor per slot for a serving cell supporting multicast reception:
· When determining   /   defined in 38.213, the number of DL serving cell(s) supporting multicast reception is increased as R times. 
· The maximum BD/CCE numbers are increased as R times  and R times  for a serving cell supporting multicast reception, where  and  are defined in Table 10.1-2 and Table 10.1-3 in 38.213 
· R is a value reported by the UE

2.4 Scrambling initialization for GC-PDSCH/PDCCH

In previous RAN1 meeting, we have agreed
Agreement:
For initializing scrambling sequence generator for GC-PDCCH with the second DCI format, 
·  equals the higher layer parameter pdcch-DMRS-ScramblingID if it is configured in the CORESET in a CFR used for the GC-PDCCH;  otherwise.
· FFS: Values for . Choices include one or more of the following:
· Alt1: G-RNTI used for the GC-PDCCH.
· Alt2: 0
· Alt3: Other fixed values

Agreement:
For initializing scrambling sequence generator for GC-PDSCH scheduled by the second DCI format for multicast received in Type-x CSS, 
·  equals the higher layer parameter dataScramblingIdentityPDSCH if it is configured in PDSCH-Config in a CFR used for GC-PDSCH and the RNTI equals the G-RNTI or G-CS-RNTI;  otherwise.
·  corresponds to the RNTI associated with the GC-PDSCH transmission (i.e., the G-RNTI used by the scheduling GC-PDCCH, or the G-CS-RNTI used by the SPS GC-PDSCH activation PDCCH)

Agreement:
For initializing sequence generator for DMRS of GC-PDCCH with the second DCI format received in Type-x CSS, 
·  equals the higher layer parameter pdcch-DMRS-ScramblingID if it is configured in the CORESET in a CFR used for the GC-PDCCH;  otherwise. 



Considering the potential SFN multicast transmission as well as interference randomization, the above agreements should be also applied to that of the first DCI format used for multicast GC-PDCCH.

Proposal 9:
· For initializing scrambling sequence generator for GC-PDCCH with the first DCI format, 
·  equals the higher layer parameter pdcch-DMRS-ScramblingID if it is configured in the CORESET in a CFR used for the GC-PDCCH;  otherwise.
· , similar as that of legacy CSS.
· For initializing scrambling sequence generator for GC-PDSCH scheduled by the first DCI format for multicast received in Type-x CSS, 
·  equals the higher layer parameter dataScramblingIdentityPDSCH if it is configured in PDSCH-Config in a CFR used for GC-PDSCH and the RNTI equals the G-RNTI or G-CS-RNTI;  otherwise.
·  corresponds to the RNTI associated with the GC-PDSCH transmission (i.e., the G-RNTI used by the scheduling GC-PDCCH, or the G-CS-RNTI used by the SPS GC-PDSCH activation PDCCH)
· For initializing sequence generator for DMRS of GC-PDCCH with the first DCI format received in Type-x CSS, 
·  equals the higher layer parameter pdcch-DMRS-ScramblingID if it is configured in the CORESET in a CFR used for the GC-PDCCH;  otherwise. 

Considering same Type-x CSS is used for the first and second DCI format, common scrambling sequence for GC-PDCCH should be applied to simplify the detection complexity.

Proposal 10:
For initializing scrambling sequence generator for GC-PDCCH with the second DCI format, 
· , similar as that of legacy CSS.


2.5 TCI state configuration for GC-PDSCH/PDCCH
	For unicast transmission, the TCI-states can be configured in pdsch-config of a dedicated BWP as a pool, where a subset of TCI-states can be used for UE-specific PDCCH and PDSCH.	Now, RAN1 has agreed to configure one pdsch-config and one pdcch-config for MBS per CFR, separate from unicast in the associated dedicated BWP. Therefore, there may be two cases
· Case 1: TCI-states are configured in the pdsch-config of CFR for multicast reception
· Case 2: TCI-states are not configured in the pdsch-config of CFR for multicast reception
For Case 1, the TCI-states configured in the CFR are to be used for multicast reception for a group of UEs, which means the multicast beam can reach each UE in the group. It is beneficial to share the TCI states configured in the CFR for unicast transmission to avoid the duplicated configuration in pdsch-config of dedicated unicast BWP. On the other hand, the beam for unicast configured in the dedicated BWP may not cover the other UEs in the multicast group. The unicast TCI states may be not applicable for multicast transmission. 
For Case 2, it is unclear whether to let UE assume SSB beam only for multicast or to use share the TCI-states configured in dedicated unicast BWP for both unicast and multicast reception. 
At least we think RAN1 to discuss whether/how to share the TCI-states for unicast and multicast within a dedicated BWP.  

Proposal 11: Discuss whether/how to share the TCI-state pool for unicast and multicast within a dedicated BWP.

2.6 PTM-1 and PTP for retransmission
[bookmark: _Hlk53646691]In last RAN1 meeting, we have discussed the possibility of using PTP and/or PTM to schedule the PDSCH for multicast transmission. The initial transmission may be based on PTM-1 and re-transmission may be PTM-1 or PTP. The scheduling can be based on the number of UEs that failed to receive the initial transmission. In addition, it can be based on the UE HARQ-ACK feedback and CSI feedback. In general, PTM-1 retransmission is more efficient to avoid duplicated transmission per UE. But for a cell-edge UE, if always fails to receive PTM-1, the PTP with unicast beamforming is more efficient than multicast group beamforming for retransmission for the given HPID [1]. Since a UE anyway needs to monitor both GC-PDCCH and PDCCH, no need to restrict only one scheme, e.g., PTM-1 or PTP, for all the UEs in a multicast group.
Proposal 12: Retransmission schemes based on PTP and PTM-1 can be supported for different UEs in the same group.
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Figure 2 Possible RAN architecture for multicast transmission
	We can enable HARQ combining by using G-RNTI or C-RNTI, as illustrated in Figure 2. This enhancement involves to use the same HPID between G-RNTI and C-RNTI to support the new type of multicast HARQ operation. In last RAN1 meeting, we have discussed the HARQ process management for multicast and have the following conclusion. 
Conclusion:
The maximum number of HARQ processes per cell, currently supported for unicast, is kept unchanged for UE to support multicast reception.
· How to allocate HARQ processes between unicast and multicast is up to gNB.

In addition, there are two scenarios to be further discussed:
· Case 1: whether the UE is expected to receive a new TB#2 transmitted by PTM scheme 1 for a given HPN before the end of the expected transmission of HARQ-ACK of the previous TB#1, which is initially transmitted by PTM scheme 1, for that HPN? 
· Case 2: whether the UE is expected to receive unicast TB by PTP for a given HPN between the end of the transmission of HARQ-ACK of the previous TB#1, which is initially transmitted by PTM scheme 1, and the start of a new TB#2 transmitted by PTM scheme 1 for that HPN?
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(a) Case 1
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(b) Case 2
Figure 3 PTM-1 and PTP for a given HPID
For Case 1, as illustrated as Figure 3(a), if the UE didn’t receive PTM-1 TB1 correctly and received PTP retx of PTM-1 TB1, the PTM-1 with a new TB2 if comes in will flush the buffer. We prefer to keep the legacy rule and not to support OOO. However, for Case 2, as illustrated in Figure 3(b), if the UE received PTM-1 TB1 correctly, the given HPID is released already. gNB can schedule PTP for unicast data before the PTM-1 with a new TB2.

Regarding HARQ process management for multicast and unicast.

· If the HPID for multicast is configured with NACK-only or no HARQ-ACK feedback, PTP cannot be used for PTM retx. So, PTP with the same HPDI can be used for unicast data transmission only without any confusion.
· If the HPID for multicast is configured with ACK/NACK-based feedback, the PTP with the same HPID can be used for PTM retransmission. So, the same HPDI if to be used for PTP (re)transmission for unicast and PTP retransmission for multicast will create some confusion in case of DCI miss detection.

As illustrated in Figure 4, the PTM-1 using GC-PDCCH is a new TB transmission. For UE-b, miss detection of the GC-PDCCH scheduling PTM1 makes the UE confuse the PTP retransmission for multicast with a PTP retransmission of previous unicast (C-RNTI). Since the UE believes the PTP retransmission of previous unicast (C-RNTI) has been successfully detected, the PTP retransmission for multicast will be discarded. However, this multicast TB, which is using the PTM leg with UM only, cannot be recovered by using higher layer retransmission. To address this, the scheduling DCI with C-RNTI can have a flag to differentiate the HARQ process ID used for PTP unicast data or for PTP multicast retransmission. The PTM-1 for multicast as well as the PTP for unicast or multicast is sharing the same soft buffer without increasing the size.
Whether to support dynamic HPID sharing for unicast and multicast TB can be subject to UE capability. If the PTP with the same HPID can be used to schedule a unicast TB or to used for PTM retransmission of the multicast TB, a new field can be added in the PTP DCI to differentiate PTP for unicast and PTP retransmission for multicast; otherwise, the UE reuse the legacy PTP DCI and is not expected to be scheduled with unicast TB with the same HPID. 
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Figure 4 PTP retransmission for PTM-1
In RAN1#106-e meeting, there were some discussion as below:
[High] Question 3-1a: Regarding the NDI conflict issue that different UEs in a group may have different NDI values for a certain HPID before performing an initial PTM transmission, which option should be adopted?
· Option 1: Rely on gNB implementation to avoid such issue.
· Option 2: Resolve this issue with potential specification enhancement.

The arguments that some companies prefer Option 1 include:
1) No issue with shortage of HARQ processes 
2) gNB ensure the NDI values of all UEs in the group before PTM transmission

The first one is not a reasonable assumption. RAN1 has agreed not to increase the HARQ processes for multicast. The limited HARQ process number has to be shared by unicast and multicast. If the HARQ process number is semi-statically split between unicast and multicast, e.g., HPID#0~7 for unicast only and HPID#8~15 for multicast only, it will sacrifice the peak data rate of unicast TBs for every UE in the multicast group, and also limit the data rate of multicast due to the restriction of the HPIDs. It is important to support the HARQ process number dynamically split between unicast and multicast. In order to flexibly schedule a HPID, which has been used for PTP unicast, for the upcoming multicast, we need to let UE differentiate the PTP for unicast and PTP retx for multicast. Otherwise, if any UE in the multicast group has used all 16 HARQ processes for its unicast, there will be no HARQ process available for multicast transmission anymore.
The second one is not a feasible solution. The UEs have various unicast traffic and the NDI values for the UEs in a multicast group will be random. In order to align the NDI values of all UEs before any PTM transmission, gNB has to schedule additional unicast PDSCH(s) with garbage packet(s), wasting the UE power consumption and resulting in unnecessary scheduling delay for multicast.


Proposal 13: For HARQ process management, 
· Not support OOO between PTM-1 and PTP for a given HPID
· Support dynamic HPID management for unicast and multicast can be supported without increasing soft buffer size.
· If the HPID for multicast is configured with NACK-only or no HARQ-ACK feedback, PTP cannot be used for PTM retx. So, PTP with the same HPDI can be used for unicast data transmission only.
· If the HPID for multicast is configured with ACK/NACK-based feedback, the PTP with the same HPID can be used for PTM retransmission and select Alt1 or Alt2 subject to UE capability.
· Alt1: PTP with the same HPID cannot be used for unicast data
· Alt2: PTP with the same HPID can be used for unicast data, one DCI bit is used to differentiate PTP for multicast retransmission and PTP for unicast


2.7 SPS GC-PDSCH for Multicast
In previous RAN1 meeting, we have agreed
Agreement:
If a SPS-config for MBS is configured in CFR, one G-CS-RNTI is associated with the SPS-config.
· FFS: Multiple G-CS-RNTIs associated with one SPS-config

Although it is agreed to associate a G-CS-RNTI with a SPS-Config for multicast, we think no need to explicitly configure the G-CS-RNTI in a SPS-Config-Multicast and no need to limit the 1-to-1 mapping between G-CS-RNTI and SPS-Config-Multicast. In NR Rel-16, unicast SPS supports separate activation of a SPS-Config for a given BWP of a serving cell in a single DCI is supported, i.e., a value of the HPN field in a DCI format indicates an activation for a SPS PDSCH with a value mapping to the sps-ConfigIndex in a SPS-Config. When a UE monitor a GC-DCI with CRC scrambled by G-CS-RNTI, the HPID field in the activation GC-DCI can be used to indicate which SPS-Config-Multicast is activated. 
Proposal 14: No need of explicit configuration of associating G-CS-RNTI with a SPS-Config-Multicast.
· It is up to gNB on how to associate between G-CS-RNTI and SPS-Config-Multicast.

Although more than one HARQ-ACK feedback mode is supported for multicast GC-PDSCH, UE-specific ACK/NACK feedback is needed for the activation/release for SPS GC-PDSCH. For SPS GC-PDSCH without PDCCH, it can be configured with no feedback, ACK/NACK-based or NACK-based feedback. 
Besides GC-PDCCH, the UE-specific PDCCH is useful for a UE who missed GC-PDCCH activation/release. One way is to retransmit GC-PDCCH for activation, indicating the same HPID for the SPS GC-PDSCH. However, the retransmission of GC-PDCCH has to be within the limited resources of CFR before the occasion of SPS GC-PDSCH. By using the limited entries with K0 and resource configurations in the TDRA table, the HPID misalignment may still happen if the activate GC-PDCCH is transmitted in other non-periodic slots. Relatively, UE-specific PDCCH can be transmitted in the dedicated BWP, with more flexible UE-specific frequency/time resources than GC-PDCCH for activation. But if the UE-specific PDCCH activation using the K0 of uncast TDRA table is not able to indicate the slot-based HPID of the SPS GC-PDSCH, a slot offset or HPID offset if needed can be indicated to align the HPID for the SPS GC-PDSCH. It is not necessary to introduce a new MAC-CE to indicate the slot of the initial activate GC-PDCCH, where MAC-CE also requires to schedule UE-specific PDSCH with too much overhead.
For unicast SPS PDSCH, UE-specific PDCCH is used for separate activation and separate/joint release of SPS PDSCH. It can be extended for SPS GC-PDSCH by using GC-PDCCH or UE-specific PDCCH as well. FFS the details of the configuration. 

Proposal 15: For SPS GC-PDSCH activation/release, 
· Support UE-specific ACK/NACK-based feedback.
· Support UE-specific PDCCH in addition to GC-PDCCH.
· Support separate activation of SPS GC-PDSCH by using GC-PDCCH or UE-specific PDCCH.
· Support joint and separate release of SPS GC-PDSCH by using GC-PDCCH or UE-specific PDCCH.

2.8 G-RNTI/G-CS-RNTI configuration for Multicast
In previous meetings, RAN2 has replied the RAN1 LS [2]
“During RAN2#114-e meeting, RAN2 agreed that in order to receive multiple MBS services, UE need to support multiple G-RNTIs and/or G-CS-RNTIs. And it is FFS whether this depends on UE capability.”
	
	In legacy NR, the assignment/modification of UE identity (e.g., C-RNTI) is configured during RRC connection procedure. For unicast SPS transmission, the CS-RNTI is directly configured in PhysicalCellGroupConfig. Both C-RNTI and CS-RNTI if configured are applied to a cell-group, which means C-RNTI/CS-RNTI are common for different serving cells and different DL BWPs within the cell-group. For multicast, the UE can support one or multiple G-RNTIs/G-CS-RNTIs based on the UE capability and multicast interests. For multicast of RRC_CONNECTED UEs, the G-RNTI(s)/G-CS-RNTI(s) can be configured by unicast RRC signaling. But it is not clear whether G-RNTI(s)/G-CS-RNTI(s) is(are) configured per DL BWP, per serving cell or per cell Group. RAN1/RAN2 need to further discuss the options:
· Opt.1: G-RNTI(s)/G-CS-RNTI(s) for multicast is/are configured in BWP configuration
· Different set of G-RNTI(s) can be configured for different DL BWPs, which can enable monitoring different multicast services in different active DL BWP.
· Opt.2: G-RNTI(s)/G-CS-RNTI(s) for multicast is/are configured in serving cell configuration
· For different DL BWPs, G-RNTI(s) is/are common within the same serving cell.
· However, it/they is/are independent for different serving cells, which an enable monitoring different multicast services in different serving cells.
· Opt.3: G-RNTI(s)/G-CS-RNTI(s) for multicast is/are configured in cell-group configuration
· G-RNTI(s) is/are common for different serving cells and different DL BWPs within the cell-group

Proposal 16: Discuss whether G-RNTI(s)/G-CS-RNTI(s) for multicast is(are) configured per DL BWP, per serving cell or per cell Group



3. [bookmark: _Toc4628301][bookmark: _Toc4689599][bookmark: _Toc512892215][bookmark: _Toc505612407][bookmark: _Toc505612410]Conclusion
	In this contribution, we discussed various aspects related to group scheduling for NR multicast RRC_CONNECTED UEs with the following proposals: 
[bookmark: _Hlk512894710]
For MBS CFR configuration:
Proposal 1: If timer-based activation/deactivation of BWP for a UE is enabled
· If a UE is configured with an MBS CFR associated with the active DL BWP, the UE maintains the active BWP timer for both unicast and MBS within the active DL BWP.
· A UE starts or restarts the timer when it successfully decodes a PDCCH addressed to unicast RNTI (e.g., C-RNTI or CS-RNTI) or a GC-PDCCH addressed to group RNTI (e.g., G-RNTI or G-CS-RNTI) in the MBS CFR within the active DL BWP.  

For GC-PDSCH rate matching:
Proposal 2: For multicast RRC_CONNECTED UEs, 
· For the maximum number of layers of MBS, the default value is 1.
· For mcs-Table for GC-PDSCH, the default value is based on Table 5.1.3.1-1 in TS38.214 (similar as the default value in R16).
Proposal 3: For multicast RRC_CONNECTED UEs, ZP CSI-RS can be configured in pdsch-Config-Multicast for GC-PDSCH rate matching. 
· If SPS ZP CSI-RS is configured in a pdsch-Config-Multicast, the MAC-CE over GC-PDSCH can be used to active SPS ZP CSI-RS configured per CFR.
Proposal 4: The PTP retransmission for multicast is based on LBRM of the PTM initial transmission using same HPID and NDI.

For GC-PDCCH configuration:

Proposal 5: If a CFR is configured for multicast in RRC-CONNECTED state and confined within a dedicated unicast BWP, 
· Option 4: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP cannot be used for PTM-1 multicast transmission even if the CORESET is fully contained in the CFR in frequency domain, but the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission including PTP transmission for unicast and PTP retransmission for multicast.

Proposal 6: For RRC_CONNECTED UEs, Type-x CSS can be configured with 1st and/or 2nd DCI format with G-RNTI(s) for multicast.

Proposal 7: For multicast GC-PDCCH,
· For the first DCI format 
· Option 2 is used to determine the FDRA.
· ‘TPC command for scheduled PUCCH’ is not needed
· For second DCI format 
· For DCI size alignment, the DCI size of the second DCI format is indicated via unicast RRC.
· ‘TPC command for scheduled PUCCH’ is not needed
Proposal 8: For RRC_CONNECTED multicast UEs supporting CA capability, support the following principles for determining  /   and the maximum numbers of BD/CCE UE is required to monitor per slot for a serving cell supporting multicast reception:
· When determining   /   defined in 38.213, the number of DL serving cell(s) supporting multicast reception is increased as R times. 
· The maximum BD/CCE numbers are increased as R times  and R times  for a serving cell supporting multicast reception, where  and  are defined in Table 10.1-2 and Table 10.1-3 in 38.213 
· R is a value reported by the UE

For scrambling initialization:
Proposal 9:
· For initializing scrambling sequence generator for GC-PDCCH with the first DCI format, 
·  equals the higher layer parameter pdcch-DMRS-ScramblingID if it is configured in the CORESET in a CFR used for the GC-PDCCH;  otherwise.
· , similar as that of legacy CSS.
· For initializing scrambling sequence generator for GC-PDSCH scheduled by the first DCI format for multicast received in Type-x CSS, 
·  equals the higher layer parameter dataScramblingIdentityPDSCH if it is configured in PDSCH-Config in a CFR used for GC-PDSCH and the RNTI equals the G-RNTI or G-CS-RNTI;  otherwise.
·  corresponds to the RNTI associated with the GC-PDSCH transmission (i.e., the G-RNTI used by the scheduling GC-PDCCH, or the G-CS-RNTI used by the SPS GC-PDSCH activation PDCCH)
· For initializing sequence generator for DMRS of GC-PDCCH with the first DCI format received in Type-x CSS, 
·  equals the higher layer parameter pdcch-DMRS-ScramblingID if it is configured in the CORESET in a CFR used for the GC-PDCCH;  otherwise. 

Proposal 10:
For initializing scrambling sequence generator for GC-PDCCH with the second DCI format, 
· , similar as that of legacy CSS.




For TCI-states of unicast and multicast:
Proposal 11: Discuss whether/how to share the TCI-state pool for unicast and multicast within a dedicated BWP.


For PTM-1 and PTP retransmission:
Proposal 12: Retransmission schemes based on PTP and PTM-1 can be supported for different UEs in the same group.

Proposal 13: For HARQ process management, 
· Not support OOO between PTM-1 and PTP for a given HPID
· Support dynamic HPID management for unicast and multicast can be supported without increasing soft buffer size.
· If the HPID for multicast is configured with NACK-only or no HARQ-ACK feedback, PTP cannot be used for PTM retx. So, PTP with the same HPDI can be used for unicast data transmission only.
· If the HPID for multicast is configured with ACK/NACK-based feedback, the PTP with the same HPID can be used for PTM retransmission and select Alt1 or Alt2 subject to UE capability.
· Alt1: PTP with the same HPID cannot be used for unicast data
· Alt2: PTP with the same HPID can be used for unicast data, one DCI bit is used to differentiate PTP for multicast retransmission and PTP for unicast


For SPS GC-PDSCH configuration:
Proposal 14: No need of explicit configuration of associating G-CS-RNTI with a SPS-Config-Multicast.
· It is up to gNB on how to associate between G-CS-RNTI and SPS-Config-Multicast.

Proposal 15: For SPS GC-PDSCH activation/release, 
· Support UE-specific ACK/NACK-based feedback.
· Support UE-specific PDCCH in addition to GC-PDCCH.
· Support separate activation of SPS GC-PDSCH by using GC-PDCCH or UE-specific PDCCH.
· Support joint and separate release of SPS GC-PDSCH by using GC-PDCCH or UE-specific PDCCH.


For G-RNTI/G-CS-RNTI configuration:
Proposal 16: Discuss whether G-RNTI(s)/G-CS-RNTI(s) for multicast is(are) configured per DL BWP, per serving cell or per cell Group
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Appendix
In RAN1#106-e meeting, we have the following agreements and conclusion for group scheduling of Multicast RRC_CONNECTE UEs.

Agreement:
Confirm the working assumption with the following update:
Option 2B for CFR associated with UE active BWP other than initial DL BWP is supported at least for multicast of RRC-CONNECTED UEs.
· FFS: CFR associated with initial BWP
· FFS: CFR larger than initial BWP
Note: The deleted FFSs can be discussed in another AI.


Agreement:
For multicast of RRC-CONNECTED UEs, align the size of the first DCI format for GC-PDCCH with DCI format 1_0 with CRC scrambled by C-RNTI monitored in CSS.

Agreement:
Confirm the following working assumption:
The maximum number of CORESETs per BWP is not increased for support of MBS, and the number of CORESETs configured within the CFR is left to gNB implementation.

Agreement:
For indication of the starting PRB and the length of PRBs of CFR for multicast of RRC-CONNECTED UEs,
· the starting PRB is referenced to Point A, i.e., the starting PRB is a PRB determined by subcarrierSpacing of the associated BWP and offsetToCarrier corresponding to this subcarrier spacing, similar as how locationAndBandwidth of a BWP is indicated as described in TS 38.331.
· FFS: Indication mechanism.

Agreement:
For LBRM and TBS determination for GC-PDSCH:
· The maximum number of layers can be provided by maxMIMO-Layers in PDSCH-Config for MBS in CFR; if not provided, a default value is defined.
· FFS the default value.
· The maximum modulation order can be determined from mcs-Table in PDSCH-Config for MBS in CFR; 
· FFS: if mcs-Table in PDSCH-Config for MBS is not configured in CFR, a value determined from mcs-Table in PDSCH-Config for unicast in the active DL BWP is used; if the mcs-Table in PDSCH-Config for unicast is not configured, Table 5.1.3.1-1 in TS38.214 is used (similar as the default value in R16). 
· xOverhead can be provided in PDSCH-Config for MBS in CFR; if not provided, a default value of zero is used.
· The number of PRBs is determined based on the size of CFR.

Agreement:
The first DCI format for GC-PDCCH uses the same fields as DCI format 1_0 with CRC scrambled by C-RNTI with the following modifications:
· At least ‘Identifier for DCI formats’ is not needed.
· FFS: Whether the field should be ignored and reserved, or should be removed.
· For FDRA determination, down-select from following options:
· Option 1:
· 
 is given by
· the size of CORESET 0 if CORESET 0 is configured for the cell; and
· the size of initial DL bandwidth part if CORESET 0 is not configured for the cell.
· For resource indication value (RIV) of downlink resource allocation type 1, the resource blocks that can be indicated are
· the resource blocks in the CORESET 0 if CORESET 0 is configured for the cell; and
· the resource blocks in the initial DL bandwidth part if CORESET 0 is not configured for the cell.
· Option 2:
· 
 is given by
· the size of CORESET 0 if CORESET 0 is configured for the cell; and
· the size of initial DL bandwidth part if CORESET 0 is not configured for the cell.
· For resource indication value (RIV) of downlink resource allocation type 1, the similar scheme as for the case that the DCI size for DCI format 1_0 in USS is derived from the size of DCI format 1_0 in CSS but applied to an active BWP is used.
· FFS details, e.g., if the size of CFR (i.e. ) is larger than the size of CORESET0/initial DL bandwidth part, the resource indication value (RIV) is defined as in section 5.1.2.2.2 in TS38.214, where K is the maximum value from set {1, 2, 4, 8} which satisfies ;otherwise, 
· 
Option 3:  is given by the size of CFR in the active DL BWP


Agreement:
The second DCI format for GC-PDCCH uses the same fields as DCI format 1_1 with the following modifications:
· At least ‘Identifier for DCI formats’ and ‘SRS request’ are not needed.
· FFS whether the fields should be ignored and reserved, or should be removed.
· Note: At least the configurable fields in DCI format 1_1 remain configurable for the second DCI format


Agreement:
For initializing scrambling sequence generator for GC-PDCCH with the second DCI format, 
·  equals the higher layer parameter pdcch-DMRS-ScramblingID if it is configured in the CORESET in a CFR used for the GC-PDCCH;  otherwise.
· FFS: Values for . Choices include one or more of the following:
· Alt1: G-RNTI used for the GC-PDCCH.
· Alt2: 0
· Alt3: Other fixed values

Agreement:
If a SPS-config for MBS is configured in CFR, one G-CS-RNTI is associated with the SPS-config.
· FFS: Multiple G-CS-RNTIs associated with one SPS-config


Agreement:
For FDRA determination of the first DCI format for GC-PDCCH, down-select from Option 2 and updated Option 3.
· Option 2:
· 
 is given by
· the size of CORESET 0 if CORESET 0 is configured for the cell; and
· the size of initial DL bandwidth part if CORESET 0 is not configured for the cell.
· For resource indication value (RIV) of downlink resource allocation type 1, the similar scheme as for the case that the DCI size for DCI format 1_0 in USS is derived from the size of DCI format 1_0 in CSS but applied to an active BWP is used.
· FFS details, e.g., if the size of CFR (i.e. ) is larger than the size of CORESET0/initial DL bandwidth part, the resource indication value (RIV) is defined as in section 5.1.2.2.2 in TS38.214, where K is the maximum value from set {1, 2, 4, 8} which satisfies ;otherwise, 
· 
Option 3:  is given by the size of CFR in the active DL BWP
· If the size of the first DCI format for GC-PDCCH prior to truncation is larger than the size of DCI format 1_0 monitored in CSS, the bit width of the FDRA field in the first DCI format for GC-PDCCH is reduced by truncating the first few most significant bits such that the size of the first DCI format for GC-PDCCH equals the size of DCI format 1_0 monitored in CSS.
· FFS: Whether the removed/reserved fields can be repurposed for FDRA
· FFS: Solution for the case where the size of the first DCI format for GC-PDCCH prior to padding is smaller than the size of DCI format 1_0 monitored in CSS.

Conclusion:
The specification impact of having a new Type-x CSS for GC-PDCCH in RRC_CONNECTED state can be studied and discussed further.

Agreement:
For initializing scrambling sequence generator for GC-PDSCH scheduled by the second DCI format for multicast received in Type-x CSS, 
·  equals the higher layer parameter dataScramblingIdentityPDSCH if it is configured in PDSCH-Config in a CFR used for GC-PDSCH and the RNTI equals the G-RNTI or G-CS-RNTI;  otherwise.
·  corresponds to the RNTI associated with the GC-PDSCH transmission (i.e., the G-RNTI used by the scheduling GC-PDCCH, or the G-CS-RNTI used by the SPS GC-PDSCH activation PDCCH)

Agreement:
For initializing sequence generator for DMRS of GC-PDCCH with the second DCI format received in Type-x CSS, 
·  equals the higher layer parameter pdcch-DMRS-ScramblingID if it is configured in the CORESET in a CFR used for the GC-PDCCH;  otherwise. 
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