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Introduction
Support of MBS broadcast and multicast by a RedCap UE is discussed further in this contribution. 
[bookmark: _Toc242573354]Background
MBS phase 2 study in SA2
SA2 studies group message delivery and co-existence of MBS and power saving mechanisms [1]. Examples of power saving mechanisms are eDRX or MICO mode, which could be used by RedCap devices: 
WT#3. Study whether and how to support group message delivery for capability-limited devices, including NEF enhancement, coexistence of existing power saving mechanisms and MBS.
NOTE 5: Coordination with SA4 and RAN WGs is needed.
NOTE 6: Control plane cell broadcast is not included in this WT. 
SA2 identified key issues 4 and 5 in [2]:
· Key Issue #4: Group message delivery
· Key Issue #5 Coexistence with existing power saving mechanisms for capability-limited devices
Note: the times when MBS multicast in RRC_INACTIVE is transmitted may not coincide with the times when the UE is awake according to the configured eDRX or MICO mode. 
SA2 asked RAN1 in an LS [3] if it would be beneficial if RAN knows about RedCap UE capabilities for MBS broadcast, and if so, what capabilities would be needed. 
RAN1 could not confirm enhancements to support MBS broadcast for RedCap UEs [4], as this is not part of any approved (RAN1) objective in the Rel-18 WID [1]. 
MBS and RedCap UEs was also discussed in RAN#96, where it was proposed to [5]:
· confirm that a RedCap UE supporting FG33-1 [6] supports MBS broadcast
· revise the WID [7] to consider separate CFR configuration for RedCap UEs
In offline discussion [8] it was proposed to postpone the discussion on potential Rel-18 enhancements (e.g. separate RedCap CFR) until RAN#97, and it was noted that it is possible to discuss in RAN#97 based on company contributions. RAN#96 confirmed in outgoing LS to SA2 that any UE can indicate to support MBS [9]:
· RAN#96 has concluded that Rel-17 specifications do not prevent any UE, including RedCap UEs, to support MBS.
Reduced capabilities of a RedCap UE
It is perhaps embarrassing, but we need to talk about this. A RedCap UE has reduced capabilities, as described in section 4.2.21 in 38.306:
· Maximum bandwidth of 20 MHz in FR1 and 100 MHz in FR2.
· 1 or 2 Rx branches dependent on UE capability
· Up to 2 DL MIMO layers:
· FR1: 1 DL MIMO layer with 1 Rx and 2 DL MIMO layers with 2 Rx.
· FR2: 1 or 2 DL MIMO layers (and 2 Rx branches).
A RedCap UE signals that it is a UE with reduced capabilities via supportOfRedCap and other RedCap capabilities (e.g. halfDuplexFDD-TypeA-RedCap and supportOf16DRB-RedCap).
The gNB can bar RedCap UEs from the cell and prevent access by RedCap UEs in SIB1 using intraFreqReselectionRedCap, cellBarredRedCap1Rx, cellBarredRedCap2Rx and halfDuplexRedCapAllowed (see 38.331 and 38.304 for further details).
The gNB can configure a separate initial DL BWP for RedCap UEs in SIB1 (initialDownlinkBWP-RedCap-r17). If present a RedCap UE uses this DL BWP instead of the initialDownlinkBWP. If the UE does not support the bandwidth in initialDownlinkBWP or initialDownlinkBWP-RedCap it also bars the cell. 
A UE that supports FG33-1 (MBS broadcast) does not signal this capability to the network, see Broadcast reception in chapter 5 in 38.306). The UE implicitly signals to support MBS broadcast in connected mode when it signals to be interested in MBS broadcast frequencies and services in MII signalling (MBSInterestIndication). Furthermore the UE signals if it is capable to receive MBS broadcast on SCell in connected mode (broadcastSCell). 
A UE that supports FG33-2 (MBS multicast) it signals this explicitly to the network (dynamicMulticastPCell, dynamicMulticastSCell). The UE can signal additional multicast capabilities (e.g. maxMRB-Add, maxNumberRNTIs-MBS, maxNumberMIMO-LayersMulticastPDSCH). 
Discussion
Introduction
The network can bar (certain) RedCap UEs from the cell, but in this contribution it is assumed that these are exception cases, and that RedCap and broadcast UEs camp and access the same cell. 
RedCap UEs have reduced capabilities and may experience a lower throughput and performance compared to broadband UEs. But even with these limitations a RedCap UE can indicate to support MBS broadcast and/or multicast. 
In this contribution the impact of a RedCap UE supporting MBS broadcast and multicast is evaluated in more details. For discussion’s sake two scenarios are distinguished:
1. Mixed: the population of UEs receiving MBS broadcast is a mix of broadband and RedCap UEs, and the multicast group is mix of broadband and RedCap UEs.
2. Separated: separate MBS broadcast services are targeted for RedCap UEs, and there are separate RedCap and broadcast multicast groups.
It is assumed that RedCap UEs can be a significant proportion of the UE population, i.e. in case they could experience any problems it should not be ignored. 
Handling RedCap separately goes against the RedCap philosophy that RedCap UEs are integrated in NR, i.e. there are no dedicated RedCap gNBs nor frequencies, i.e. everything should work together. Furthermore it might not be beneficial to e.g. introduce RedCap services/TMGIs and have separate RedCap configuration (e.g. RedCap CFR). Because the difference between RedCap UEs and broadband UE is not fundamental, but gradual. RedCap UEs might be able to receive broadband TMGIs, and vice versa:
Observation 1: Separate handling of RedCap UEs for MBS is not beneficial.  
In the remainder of this contribution a mixed scenario is assumed.
Another angle on this discussion is the following: if a UE indicates the support of MBS then this does not imply that such UE supports any possible PTM configuration, i.e. the PTM configuration has to take into account the UE capabilities in term of supported band combinations, bandwidth, MIMO, etc. This is the same for RedCap and broadband UEs, but a RedCap UE is perhaps more likely to run into problems. 
For MBS a certain number of minimum requirements have been defined, however bandwidth, MIMO and Rx branches are not part of it: 
	Broadcast reception
	dynamicMulticastPCell

	It is optional for UE to support broadcast reception as specified in TS 38.331 [9]. A UE that supports the feature shall also support:
-	4 broadcast MRBs as the minimum number;
-	PDCP 12 bits SN;
-	ROHC with profiles 0x0000, 0x0001 and 0x0002;
-	8 ROHC context sessions;
-	RLC UM with 6 bits SN;
-	RLC UM with 12 bits SN;
-	DRX with long DRX cycle.
	Indicates whether the UE supports dynamic scheduling for multicast for PCell comprised of the following functional components:
-	Supports group-common PDCCH/PDSCH with CRC scrambled by G-RNTI for Pcell;
-	Supports CFR configuration for multicast;
-	Supports CORESET and common search space configuration for multicast;
-	Supports DCI format 4_1 with CRC scrambled with G-RNTI for multicast;
-	Supports inter-slot TDM between unicast PDSCH and group-common PDSCH in different slots;
-	Supports {2, 4, 8} times semi-static slot-level repetition for group-common PDSCH for multicast.


Minimum bandwidth requirements could be introduced for MBS broadcast and multicast, but it is not clear if that would solve much. If the minimum MBS bandwidth requirement would exceed the RedCap capabilities, then this would prevent a RedCap UE from supporting MBS. And the configured MBS bandwidth could be larger than the minimum MBS bandwidth, i.e. a RedCap UE might still not be able to receive the session.   
RedCap and MBS broadcast
The gNB is able to bar (certain) RedCap UEs from the cell, and thus prevent RedCap UEs to receive MBS broadcast, if this is considered unwanted, but this is a rather crude method. 
In case the RedCap UE can camp on the cell, but the locationAndBandwidthBroadcast configured in CFR-ConfigMCCH-MTCH in SIB20 exceeds the bandwidth supported by the RedCap UE, then the RedCap UE cannot receive MBS broadcast (for any broadcast service, i.e. the bandwidth is not session specific). This is true for any UE supporting MBS broadcast, but a RedCap UE is more likely to run into problems: 
Observation 2: The configured bandwidth for MBS broadcast in SIB20 can exceed the configured bandwidth in SIB1, i.e. the RedCap UE can camp on the cell but not be able receive MBS broadcast.
Observation 3: There is no inter-operability issue when a UE supporting MBS broadcast in RRC_IDLE or RRC_INACTIVE cannot receive MBS broadcast due to bandwidth restrictions. 
Observation 4: A single Rx UE may experience reduced quality in the MBS broadcast reception at the cell border, but QoS is not guaranteed in idle mode. 
A UE in RRC_CONNECTED should not indicate MBS frequencies/services of interest that it cannot receive, i.e. when it does not support the locationAndBandwidthBroadcast in SIB20 on that frequency. However the UE does not have SIB20 on SCell frequency, i.e. SIB20 is provided by the NW in dedicated signalling when the UE has shown interest via MII signalling. The UE only has SIB20 on PCell (if present): 
Observation 5: A UE that does not support the bandwidth on SCell frequencies causes unnecessary MII signalling. 
Observation 6: A UE that does not support the bandwidth of the services of interest causes unnecessary MII signalling and may put unnecessary scheduling requirements on PCell (i.e. to not schedule unicast during MBS broadcast transmissions).
The NW could prevent SIB20 signalling by checking the bandwidth in the supported band combinations in the UE capabilities. But it is better to prevent the unnecessary MII signalling in the first place.
Proposal 1: Clarify that the UE should not include MBS frequencies of interest nor MBS services of interest, when it does not support locationAndBandwidthBroadcast in SIB20, if provided.
Proposal 2: RAN2 to discuss for SCell frequencies: 
Alternative 1: 	Leave it to UE implementation, e.g. add a NOTE in 38.331 to clarify that the UE should not include frequencies of interest in the MII message, for which it expects not to support the required bandwidth. 
Alternative 2: 	The MBS bandwidth is signalled to the UE per frequency (e.g. via service announcement/USD or SIB21) and the UE does not include a frequency/service in the MII signalling when it does not support the required bandwidth.
For proposal 1 and for alternative 1 of proposal 2 a TP is provided for information in the Annex.
RedCap and MBS multicast
Concerning possible bandwidth restrictions of a RedCap UE and MBS multicast the following observations can be made:
Observation 7: When the UE joins a multicast session the UE does not know the bandwidth that the gNB will configure for that session, i.e. the UE does not know if it joins a session that it cannot receive.
It is possible that the UE joins a session but it is activated later, i.e. the UE is released to RRC_IDLE or RRC_INACTIVE. In such case there is group paging when the session is activated: 
Observation 8: When the UE joins a multicast session it cannot receive, there can be unnecessary group paging when the UE is in RRC_IDLE or RRC_INACTIVE and the session is activated.
If the UE is in connected mode when the session is activated, then the gNB, based on the UE capabilities may not be able to configure the multicast MRB configuration for the RedCap UE, e.g. the QoS bitrate requires a higher bandwidth than the RedCap UE supports. This may cause some confusion, i.e. the UE successfully joined the session but is not able to receive it when it is activated. Or the gNB is forced to lower the bandwidth configuration for all UEs of the group to the level supported by the RedCap device. It is noted that it is already challenging to find a common denominator for the UE capabilities for a large multicast group, taking into account different possible CA configurations per UE and the supported bandcombinations with different bandwidths. RedCap UEs do not make that easier: 
Observation 9: A UE in connected mode may not understand why it does not receive the multicast data when the session is activated.
Observation 10: For multicast MRB configuration the gNB needs to find a common denominator of the capabilities of all the group members, taking into account the supported band combinations and bandwidth, with potentially different CA configurations per UE. 
It would be beneficial if a UE does not join a multicast session that it cannot receive. But it is probably not feasible to realize that during the join procedure, e.g. the join procedure is only successful when the UE supports the required bandwidth of the multicast session. The AMF does not know what configuration the RAN will use and the AMF is not aware of the UE capabilities/restrictions. 
Proposal 3: RAN2 to discuss how to avoid that a UE joins a multicast session, but it cannot receive the session due to bandwidth limitations: 
[bookmark: _Toc242573360]Alternative 1: 	Leave it to UE implementation, e.g. ask CT1 to add a NOTE in 24.501 to clarify that the UE should not join a multicast session, for which it expects not to support the required bandwidth.
Alternative 2: 	The UE is informed when the session starts and the UE cannot be configured due to UE capability restrictions. 
Alternative 3: 	Ask SA2 to add the required bandwidth per TMGI in the service announcement and ask CT1 to clarify that the UE should not join a session for which it does not support the required bandwidth. 
Alternative 1 and 2 are not mutually exclusive. 
In our view it would be good to implement alternatives 1 and 2, when alternative 3 is not selected.
Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss RedCap UEs and MBS: 
Observation 1: Separate handling of RedCap UEs for MBS is not beneficial.  
Observation 2: The configured bandwidth for MBS broadcast in SIB20 can exceed the configured bandwidth in SIB1, i.e. the RedCap UE can camp on the cell but not be able receive MBS broadcast.
Observation 3: There is no inter-operability issue when a UE supporting MBS broadcast in RRC_IDLE or RRC_INACTIVE cannot receive MBS broadcast due to bandwidth restrictions. 
Observation 4: A single Rx UE may experience reduced quality in the MBS broadcast reception at the cell border, but QoS is not guaranteed in idle mode. 
Observation 5: A UE that does not support the bandwidth on SCell frequencies causes unnecessary MII signalling. 
Observation 6: A UE that does not support the bandwidth of the services of interest causes unnecessary MII signalling and may put unnecessary scheduling requirements on PCell (i.e. to not schedule unicast during MBS broadcast transmissions).
Proposal 1: Clarify that the UE should not include MBS frequencies of interest nor MBS services of interest, when it does not support locationAndBandwidthBroadcast in SIB20, if provided.
Proposal 2: RAN2 to discuss for SCell frequencies: 
Alternative 1: 	Leave it to UE implementation, e.g. add a NOTE in 38.331 to clarify that the UE should not include frequencies of interest in the MII message, for which it expects not to support the required bandwidth. 
Alternative 2: 	The MBS bandwidth is signalled to the UE per frequency (e.g. via service announcement/USD or SIB21) and the UE does not include a frequency/service in the MII signalling when it does not support the required bandwidth.
Observation 7: When the UE joins a multicast session the UE does not know the bandwidth that the gNB will configure for that session, i.e. the UE does not know if it joins a session that it cannot receive.
Observation 8: When the UE joins a multicast session it cannot receive, there can be unnecessary group paging when the UE is in RRC_IDLE or RRC_INACTIVE and the session is activated.
Observation 9: A UE in connected mode may not understand why it does not receive the multicast data when the session is activated.
Observation 10: For multicast MRB configuration the gNB needs to find a common denominator of the capabilities of all the group members, taking into account the supported band combinations and bandwidth, with potentially different CA configurations per UE. 
Proposal 3: RAN2 to discuss how to avoid that a UE joins a multicast session, but it cannot receive the session due to bandwidth limitations: 
Alternative 1: 	Leave it to UE implementation, e.g. ask CT1 to add a NOTE in 24.501 to clarify that the UE should not join a multicast session, for which it expects not to support the required bandwidth.
Alternative 2: 	The UE is informed when the session starts and the UE cannot be configured due to UE capability restrictions. 
Alternative 3: 	Ask SA2 to add the required bandwidth per TMGI in the service announcement and ask CT1 to clarify that the UE should not join a session for which it does not support the required bandwidth. 
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Annex: TPs
[bookmark: _Toc100929943]5.9.4.3	MBS frequencies of interest determination
The UE shall:
1>	consider a frequency to be part of the MBS frequencies of interest if the following conditions are met:
2>	the UE supports the locationAndBandwidthBroadcast in SIB20 if provided for the frequency of interest; and
NOTE 1:	If SIB20 is not provided for the frequency of interest and the UE expects that it does not support the required bandwidth then the UE should not consider that a frequency of interest.
2>	at least one MBS session the UE is receiving or interested to receive via a broadcast MRB is ongoing or about to start; and
NOTE 1:	The UE may determine whether the session is ongoing from the start and stop time indicated in the User Service Description (USD), see TS 38.300 [2] or TS 23.247 [67].
2>	for at least one of these MBS sessions, SIB21 acquired from the PCell includes mapping between the concerned frequency and one or more MBS FSAIs indicated in the USD for this session, or for at least one of these MBS sessions, the concerned frequency is not included in SIB21 but is indicated in the USD for this session; and
NOTE 2:	The UE considers a frequency to be part of the MBS frequencies of interest even though NG-RAN may (temporarily) not employ a broadcast MRB for the concerned session, i.e., the UE does not verify if the session is indicated on MCCH.
2>	the supportedBandCombination the UE included in UE-NR-Capability contains at least one band combination including the concerned MBS frequency of interest.
NOTE 3:	When evaluating which frequencies the UE is capable of receiving, the UE does not take into account whether they are currently configured as serving frequencies.
[bookmark: _Toc100929944]5.9.4.4	MBS services of interest determination
The UE shall:
1>	consider an MBS service to be part of the MBS services of interest if the following conditions are met:
2>	the UE is receiving or interested to receive this service via a broadcast MRB; and
2>	the session of this service is ongoing or about to start; and
2>	one or more MBS FSAIs in the USD for this service is included in SIB21 acquired from the PCell for a frequency belonging to the set of MBS frequencies of interest, determined according to 5.9.4.3.
NOTE:	The UE may determine whether the session is ongoing from the start and stop time indicated in the User Service Description (USD), see TS 38.300 [2] or TS 23.247 [67].
[bookmark: _MON_1400506224][bookmark: _MON_1400506229][bookmark: _MON_1398090240][bookmark: _MON_1400506198][bookmark: _MON_1401530775][bookmark: _Toc100929945]5.9.4.5	Setting of the contents of MBS Interest Indication
The UE shall set the contents of the MBS Interest Indication as follows:
1>	if the set of MBS frequencies of interest, determined in accordance with 5.9.4.3, is not empty:
2>	include mbs-FreqList and set it to include the MBS frequencies of interest sorted by decreasing order of interest, using the absoluteFrequencySSB for serving frequency, if applicable, and the ARFCN-ValueNR(s) as included in SIB21 or in USD (for neighbouring frequencies);
2>	include mbs-Priority if the UE prioritises reception of all indicated MBS frequencies above reception of any of the unicast bearers and multicast MRBs;
NOTE:	If the UE prioritises MBS broadcast reception and unicast/multicast data cannot be supported because of congestion on the MBS carrier(s), NG-RAN may for example initiate release of unicast bearers/multicast MRBs.
2>	if SIB20 is provided for the PCell or for the SCell and UE supports the locationAndBandwidthBroadcast:
3>	include mbs-ServiceList and set it to indicate the set of MBS services of interest sorted by decreasing order of interest determined in accordance with 5.9.4.4.
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