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Introduction
[bookmark: OLE_LINK84]At RAN #88-e a new work item on “NR Multicast and Broadcast Services” was agreed [1]. 
One of the key objectives of this WID is to study the support for dynamic change of Broadcast/Multicast service delivery between multicast (PTM) and unicast (PTP) for a given UE with service continuity.
 In this contribution, we discuss a proposal for dynamic switching of multicast-broadcast delivery mode base on switching the radio bearers for multicast/broadcast service (MBS) session data between multicast/broadcast radio bearer (MRB) and unicast data radio bearer (DRB) and vice versa, and propose some enhancements to RAN2 NR specifications to enable it. First we discuss the mode switching proposal; then, we introduce the details of the proposed enhancements.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK63][bookmark: OLE_LINK64]Discussion
In the framework of multicast-broadcast delivery mode switching, the conventional design relies only on counting the number of users interested in same content within the whole multicast/broadcast service (MBS) area to decide the trigger of the mode switching. The counting based mode-switching applies MBS service suspension/resumption mechanism to achieve the delivery mode switching [2]. Such a mechanism involves on updating and modifying of the MBS session from the core network, which may increase the service interrupt time for a UE. On the other hand, NR MBS is targeting per UE dynamic switching to capture UE activities, mobility, QoS requirements and/or other NG-RAN or core network requirements. Therefore, an advance mode-switching mechanism is highly required for NR MBS.  
       In this contribution, a proposal for dynamic, reliable and efficient MBS delivery mode switching based on the switching of radio bearers for MBS session data is discussed. The proposal assumes that; a UE may send an indication message to network to trigger the delivery mode switching of MBS service at network side. The UE indication message may include:
·  UE capability information e.g. whether the UE supports multicast/broadcast delivery mode, MBS downlink consumption report, MBS QoS related information, MBS delivery mode information, an explicit UE request for a delivery mode switching, MBS channel or signal related measurement (e.g., RSRQ, RSRP and/or SNR) and/or MBS subscription service changes etc. Such an indication message could be sent by UE via uplink control information UCI, MAC control element MAC CE (e.g., an indication within logical or transport channel) and/or RRC message (e.g., NR based MBS interest indication or counting request/response) to the network.
Based on the indication message received from UE and/or the RAN internal configuration and/or the core network (CN) indications, the network (an NG-RAN node) decides whether to switch the radio bearers of an MBS session data by a given UE or not. The RAN internal configuration may include:
· NG-RAN capabilities (e.g., whether the RAN supports multicast/broadcast delivery mode), NG-RAN performance (e.g. congestion status or load or failure, communication performance) and/or radio resources availability etc.
While the core network indications may include:
· MBS service statistics or prediction reports, UEs subscription information, MBS QoS related information indication (e.g.  TMGI, MBS Context ID, MBS service ID, MBS OoS flow IDs, GBR, ARP, area IDs, CN congestion reports, and indication about a failure of either unicast or MBS CN node and/or CN upper application suggested delivery indication etc. Such indications can be provided from CN to NG-RAN via NG-U tunnel or N2 interface. 
In case the network decides to switch the delivery mode of MBS session data received by a UE e.g., via a multicast session or unicast (PDU sessions) from one delivery mode to another. The network shall 
· Notify UE during current MBS scheduling interval/period (e.g. via multicast control channel) that the radio bearer of current MBS session data is going to be switched in upcoming MBS scheduling period/interval, and keep sending the MBS session data over the existing radio bearers. The notification may include scheduling interval information of the new radio bearer and additional assistance information such as the frequency and/or identity of the neighbouring cells or areas whose broadcasting the same service which UE is receiving. 
· Release existing radio bearer (e.g., MRB) and configure new radio bearer (e.g., DRB) as well as the appropriate logical, transport and physical channels for the new radio bearer. In the upcoming MBS scheduling intervals, switch MBS session data to the new configured radio bearer. 
In this way, when the UE receives the channel configured to carry the new radio bearer, it will decode the configurations to optimally receive or continue receiving the MBS service. The major advantages of radio bearer based switching proposal discussed above is ensuring that UE will keep receiving MBS session data even at the switching time, which allows a seamless transition of the MBS delivery modes. In addition, the method does not require updating MBS session from the core network, which minimizes UE service interruption time. Moreover, the method informs explicitly the UE about the time when the new radio bearers is going to be scheduled and provides assistance information that help UE to adjust it reception configuration in advance to optimally receive the new configured MBS radio bearer. Worth bearing in mind that the network will keep sending MBS session data over the existing radio bearers in case it decides there is no need for an MBS delivery mode switching.  
Enhancements
[bookmark: OLE_LINK65][bookmark: OLE_LINK66]In this section, we present several RAN enhancements targeting realization of radio bearers based mode-switching (Fig.1). The enhancements include modifications in NR RAN protocols and procedures; particularly, in the service data adaptation protocol (SDAP) layer, radio resource control (RRC) layer, packet data convergence protocol (PDCP) layer, medium access control (MAC) and physical layer.
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Fig 1: Proposed mode-switching enhancements 
3.1 RRC and SDAP enhancements  
Observation 1:  To enable radio bearers based MBS delivery mode switching in RRC layer, it could be necessary to modify the current RadioBearerConfig information element (IE) in [4] e.g., by introducing a new IE such as MBSbearer-Config IE to enable MBS related radio bearer configuration such as addition release, modification, switching of MBS radio bearers as well as the PDCP parameters and SDAP entities configuration for MBS radio bearers (as shown below). Therefore, we have the following proposal
· Proposal 1: Introducing MBS related radio bearer’s configurations in RRC radio bearer configuration IE should be investigated in R17.  
	                                                                  RadioBearerConfig

	
[bookmark: Section_RadioBearerConfig]RadioBearerConfig ::=     SEQUENCE {
            srb-ToAddModList     SRB-ToAddModList         OPTIONAL,   -- Cond HO-Conn
            srb3-ToRelease       ENUMERATED{true}         OPTIONAL,   -- Need N
            drb-ToAddModList     DRB-ToAddModList         OPTIONAL,   -- Cond HO-toNR
            drb-ToReleaseList    DRB-ToReleaseList        OPTIONAL,   -- Need N
            securityConfig       SecurityConfig           OPTIONAL,   -- Need M
            mbsbearerConfig     CHOICE {
		      mbsbeareRelease		NULL,
		      mbsbeareSetup		MBSbearer-Config  }, OPTIONAL,  -- Cond HO-toNR
 }

MBSbearerConfig     SEQUENCE {
          MBSbearerswitch     BOOLEAN,
          MBSbrearerSelect    choice {
            PTP-bearerConfig SEQUENCE {  
               drb-ToAddModList        DRB-ToAddModList    OPTIONAL, -- Need N
               drb-ToReleaseList       DRB-ToReleaseList   OPTIONAL, -- Need N
               securityConfig          SecurityConfig      OPTIONAL, -- Cond M   }
            PTM-bearerConfig  SEQUENCE { 
               mrb-ToAddModList       MRB-ToAddModList     OPTIONAL, -- Need N
               mrb-ToReleaseList      MRB-ToReleaseList    OPTIONAL, -- Need N
               securityConfig         SecurityConfig       OPTIONAL, -- Cond    }
  }
}
MRB-ToAddModList ::=        SEQUENCE (SIZE (1..maxDRB)) OF  MRB-ToAddMod
MRB-ToAddMod ::=        SEQUENCE {
        mrbCnAssociation           CHOICE {
             mrbEps-bearerIdentity     TMGI-nr 
             mrbSdap-Config            MRB-SDAPConfig  
                                                      }    OPTIONAL,   -- Cond DRBSetup
             mrb-Identity            MRB-Identity,
             reestablishPDCP         ENUMERATED{true}      OPTIONAL,   -- Need N
             recoverPDCP             ENUMERATED{true}      OPTIONAL,   -- Need N
             pdcp-Config              PDCP-Config          OPTIONAL,   -- Cond PDCP\ }
MRB-ToReleaseList ::= SEQUENCE (SIZE (1..maxMRB))     OF   MRB-Identity
MRB-Identity ::=         INTEGER (0... maxMRB-1)
maxDRB                   INTEGER ::= e.g, 29  -- Max# of MRBs to be added(= Session PerPMCH).
TMGI-nr ::=						SEQUENCE {
	         plmn-Id-nr				PLMN-Identity-EUTRA-5GC,
	         serviceId				OCTET STRING (SIZE (3))           
} 
PLMN-Identity-EUTRA-5GC ::=    CHOICE {
             plmn-Identity-EUTRA-5GC       PLMN-Identity,
         plmn-index                    INTEGER (1..maxPLMN)           }



Observation 2: According to [2], NR MBS is targeting various application and uses-cases that includes (but are not limited to) public safety and mission critical, V2X applications, transparent IPv4/IPv6 multicast delivery, IPTV, software delivery over wireless, and IoT applications. Such uses-cases have different QoS requirements e.g., in terms of bit-rate: GBR and non-GBR, packet rate ratio and delay, and for some application such as public safety and mission critical, there is a requirement in [2] to capture as much as possible the requirements identified by SA1 in [3], clause 6.13.2. One of the key requirements in clause 6.13.2 is 
· The 5G system shall be able to apply QoS, priority and pre-emption to a broadcast/multicast service area.
[bookmark: _GoBack]To satisfy the above requirement while switching the delivery mode, it would be necessary to introduce mapping of MBS QoS Flow within an MBS session to the appropriate DRB/MRB bearers to allow network selects the best delivery mode for MBS Flow. Besides that, it would be also useful to modify the current SDAPConfig IE in [4] e.g., by including MBS MRB related QoS configuration or to introduce a new IE such as MRB-SDAPConfig IE to be used to configure MBS related QoS configurations. Therefore, we have the following proposal 
· Proposal 2: Introducing the mapping of QoS Flows of an MBS session to different MBS/ unicast radio bearers should be studied in R17. 
	MRB-SDAPConfig

	MRB-SDAPConfig ::=      SEQUENCE {
mbs-SessionID           MBS-SessionId
    sdap-HeaderDL            ENUMERATED {present, absent}
    defaultMRB               BOOLEAN,
    mappedQoS-FlowsToAdd     SEQUENCE(SIZE (1..maxNrofMQFIs)) OF MBS-QFI OPTIONAL, -- Need N                          
    mappedQoS-FlowsToRelease SEQUENCE(SIZE (1..maxNrofMQFIs)) OF MBS-QFI OPTIONAL, -- Need N                             
    ...
}
MBS-QFI ::=        	   SEQUENCE {

       mbsQFI             INTEGER (0..maxMBSQFI),
   mbsQFinfo	         CHOICE {
           mbsContextId		   OCTET STRING (SIZE (3))         OPTIONAL	-- Need OR
           mbsServiceId        OCTET STRING (SIZE (3))         OPTIONAL	-- Need OR
   }   
}
maxNrofMQFIs                      INTEGER ::= e.g., 16
maxMBSQFI                        INTEGER ::= e.g., 15 
MBS-SessionID ::=                 INTEGER (0..28)


3.2 PDCP and RLC enhancements
Observation 3: There is a requirement to support reliable delivery of MBS service over multicast/broadcast service area as stated objective of [1], stated below 
· 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.
Therefore, it would be useful to enable the support of reliability operations on DRB/MRB bearers configured for the switched MBS session data in NR MBS.  
· Proposal 3: Supporting of at least one of the following PDCP reliability mechanisms; PDCP data recovery, PDCP re-establishment or loss-less switching between multicast bearers should be studied in R17.   
· Proposal 4: Supporting of RLC-AM mode and RLC-TM mode by a multicast radio bearer, logical multicast traffic and/or control channels should be also studied in R17. 
3.3 MAC and PHY enhancements 
Observation 4: To guarantee an efficient delivery of MBS service mapped over MRB/DRB bearers while maximizing the network resource efficiency as required in [1], it is highly desirable to support dynamic configuration of RAN resources allocated for MRB and DRB bearers. Therefore, we introduce the following enhancement:
· Proposal 5: Dynamic allocation of frequency domain (e.g., MCS and RBs) and time domain transport resource (e.g., TBS, sub-frame, or slot or symbol) to an MBS radio bearer should be discussed in R17. 
Conclusion
In this contribution, we discussed a radio bearer based multicast/broadcast delivery mode-switching for NR MBS and presented some RAN enhancement proposals to enable it. The proposals are summarized as follows:
· Proposal 1: Introducing MBS related radio bearer’s configurations within RRC radio bearer configuration IE should be investigated in R17.  
· Proposal 2: Introducing the mapping of QoS Flows of an MBS session to different MBS/ unicast radio bearers should be studied in R17.
· Proposal 3: Supporting of at least one of the following PDCP reliability mechanisms; PDCP data recovery, PDCP re-establishment or loss-less switching between multicast bearers should be studied in R17.   
· Proposal 4: Supporting of RLC-AM mode and RLC-TM mode by a multicast radio bearer, logical multicast traffic and/or control channels should be also studied in R17. 
· Proposal 5 Dynamic allocation of frequency domain (e.g., MCS and RBs) and time domain transport resource (e.g., TBS, sub-frame, or slot or symbol) to an MBS radio bearer should be discussed in R17. 
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