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1. Introduction 
TR 23.737 v200 [2], section 8.2.2.2 describes Multicast session states and state transitions.
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Figure 8.2.2.2-2: Multicast session states and state transitions

From S2-2101412 [3],

-
The 5GC shall be able to trigger NG-RAN nodes to notify session start/activation of an MBS session to UEs.

-
SA2 concludes that it is beneficial, e.g. for signalling efficiency, to support 5GC requesting NG-RAN nodes to notify session activation of an MBS session to UEs based on MBS session ID.

NOTE 3:  Whether NG-RAN node notify session activation to UEs based on MBS session ID requires confirmation from RAN2 and SA2 normative work will be pending RAN2 conclusion.
NOTE 4:  Whether UEs camping on non-supporting NG-RAN nodes can be notified using MBS session ID or the 5GC requires to fallback to regular paging for UEs that have not connected during MBS session activation requires RAN2/RAN3 confirmation and will be determined during normative work.
Once a Multicast session is configured, UEs can join that Multicast session via NAS SM procedure. When a first Multicast UE joins a Multicast session, such Multicast session will be established between 5GC and RAN. The Multicast session can be either in active or inactive state depending on Multicast data activity. Based on SA2 discussion, when the Multicast session is activated, the 5GC is expected to notify NAS CM_IDLE/RRC_IDLE state UEs via paging procedure. For CM_CONNECTED/RRC_INACTIVE state UEs, RAN paging can be used to alert the UEs to start receiving Multicast data by resuming RRC connection. To reduce paging overhead, it is desirable to page multiple UEs using group paging mechanism. This document’s primary focus is to discuss RAN enhancements for multicast group paging.
2. Discussion 

2.1 Group paging enhancements for Multicast activation alert 
In order to support multicast group paging, the following are enhancements needed.
1) Group paging identity

2) Paging message enhancements

3) Multicast group page monitoring
These three aspects are described in more details in the following sub-sections.

2.2 Group paging identity
When a multicast UE joins a Multicast session via NAS session management signalling, the UE will get to know the Multicast session ID used to identify the Multicast service. Based on SA2 discussions (see S2-2101412 [3]), the MBS Session ID can be a TMGI or an IP Multicast address. When a multicast session is activated, it is efficient to use the MBS session ID as the paging identity for the core network paging to alert multicast UEs in RRC_IDLE and RRC_INACTIVE state. Upon receiving a multicast group paging alert, multicast UEs which have joined multicast session are expected to get into RRC_CONNECTED state, receive multicast radio bearer configuration and start receiving multicast service data.
Observation 1. The use of group paging is more radio efficient than using UE specific paging as multicast session activation alert. 
For RRC_INACTIVE UEs, RAN may send either CN paging or RAN paging depending on whether it has the UE context or not. In legacy RAN paging, fullI-RNTI (i.e., UE specific ID) is used as paging identity. In order to support multicast group paging for RRC_INACTIVE UEs, it is beneficial to use MBS session ID as paging identity. In multicast scenario, since group paging is not UE specific and there is common MBS session established between 5GC and RAN, there is no need to differentiate between RAN paging and CN paging. Upon receiving multicast group paging in RRC_INACTIVE state, UE can initiate RRC resume procedure. In case RAN node does not have UE context, RAN can fallback to RRC setup procedure as shown below.
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Figure 5.3.13.1-2: RRC connection resume fallback to RRC connection establishment, successful




From above discussion, we have following proposals:

Proposal 1. Introduce MBS Session ID as group paging identity in RRC Paging message for both RAN and CN paging. 

Proposal 2. RAN2 agrees that there is no need to differentiate between CN and RAN paging for Multicast Group paging.

2.3 Paging message enhancements

Group paging alert can be sent to Multicast UEs by using Paging message.
PDCCH DCI format 1_0 with CRC scrambled by P_RNTI is used to schedule paging message. 

Short Messages Indicator – 2 bits according to Table 7.3.1.2.1-1 [4] and is shown below.  
	Bit field
	Short Message indicator

	00
	Reserved

	01
	Only scheduling information for Paging is present in the DCI

	10
	Only short message is present in the DCI

	11
	Both scheduling information for Paging and short message are present in the DCI


When Bit filed is set to 01 or 11, DCI carries scheduling information for Paging message 
RRC Paging message including PagingRecord is used to indicate specific ue-Identity. 
NR RRC Paging message (for reference)
-- ASN1START
-- TAG-PAGING-START
 
Paging ::=                          SEQUENCE {
    pagingRecordList                    PagingRecordList                                                        OPTIONAL, -- Need N
    lateNonCriticalExtension            OCTET STRING                                                            OPTIONAL,
    nonCriticalExtension                SEQUENCE{}                                                              OPTIONAL
}
 
PagingRecordList ::=                SEQUENCE (SIZE(1..maxNrofPageRec)) OF PagingRecord
 
PagingRecord ::=                    SEQUENCE {
    ue-Identity                         PagingUE-Identity,
    accessType                          ENUMERATED {non3GPP}    OPTIONAL,   -- Need N
    ...
}
 
PagingUE-Identity ::=               CHOICE {
    ng-5G-S-TMSI                        NG-5G-S-TMSI,
    fullI-RNTI                          I-RNTI-Value,
    ...,
    mbs-Session-ID                      MBSsessionID
}
 
-- TAG-PAGING-STOP
-- ASN1STOP
 
In order to support group paging for Multicast activation alert, paging record can be enhanced to include MBS Session ID. This allows same paging message to be used for UE specific paging (include UE specific paging identity) and for group paging (include multicast group paging identity, i.e., MBS Session ID).

Proposal 3. Introduce MBS Session ID as a new choice value for PagingUE-Identity in NR Paging message. 

Proposal 4. Use legacy P-RNTI to scramble CRC of multicast PDCCH used to schedule group paging message.

SA2 reply LS [6] asked below question:

SA2 follow-up question: SA2 asks RAN2/RAN3 for feedback on whether UEs camping on non-supporting NG-RAN nodes can be notified using MBS session ID or the 5GC is required to fallback to regular paging for UEs that have not connected during MBS session activation. 

In order to provide Multicast  activation alert for UEs camping on non-supporting NG-RAN nodes, 5GC has to fallback to regular UE specific paging to alert multicast activation alert because non-supporting NG-RAN does not understand Multicast Session ID and it is not expected to support any of group paging enhancements discussed in this paper. Based on UE specific paging alert, UEs can get into RRC_CONNECTED state and Multicast service can be delivered using DRB associated with unicast PDU session.
Proposal 5.   In order to support multicast service activation alert for multicast UEs camping on non-supporting NG-RAN, 5GC has to fallback to legacy UE specific paging method. 

2.4 Multicast group page monitoring

In RRC_IDLE state, legacy unicast UEs monitor unicast POs every DRX cycle (T).

· T: DRX cycle of the UE (T is determined by the shortest of the UE specific DRX value(s), if configured by RRC and/or upper layers, and a default DRX value broadcast in system information. In RRC_IDLE state, if UE specific DRX is not configured by upper layers, the default value is applied). 

· The PF and PO for page monitoring during every Idle DRX cycle (T) are determined by the following formulae: 

· SFN for the PF is determined by: (SFN + PF_offset) mod T = (T div N)*(UE_ID mod N) 

· Index (i_s), indicating the index of the PO is determined by: i_s = floor (UE_ID/N) mod Ns
· N: number of total paging frames in T; Ns: number of paging occasions for a PF; PF_offset: offset used for PF determination; UE_ID: 5G-S-TMSI mod 1024

In RRC_INACTIVE state, legacy unicast UEs monitor paging as per DRX Cycle (T) and can be calculated as:

· min {UE specific ran paging cycle, defaultPagingCycle value configured in SIB1, optionally configured UE specific paging cycle}. 

· If UE specific paging cycle is not configured then min {UE specific ran paging cycle, defaultPagingCycle value configured in SIB1} will be used.

For Multicast group page monitoring, it is desirable for all multicast UEs to be monitoring the same PO in a given multicast DRX cycle (T’).

· For RRC_IDLE and RRC_INACTIVE UEs, new Multicast DRX cycle (T’) = MultiastPagingCycle configured in SIB1 or same as legacy defaultPagingCycle in SIB1 or configurable factor * defaultPagingCycle.
For different multicast services, it is possible to configure different values of Multicast DRX Paging Cycle values to meet various latency requirements. As network configuration choice, Multicast DRX cycle (T’) can be configured as integral multiple of Unicast DRX cycle (T).
Proposal 6.   Multicast UEs in RRC_IDLE and RRC_INACTIVE state monitor multicast POs every multicast DRX cycle (T’) = MulticastPagingCycle which can be option 1: configured in SIB1 , option 2: the same as the legacy defaultPagingCycle in SIB1 or option 3: equal to a configurable factor * defaultPagingCycle.

Proposal 7.   Support configuration of different multicast DRX paging cycles for different services depending on latency requirements of the service.

Proposal 8.  Multicast DRX cycle is integral multiple of unicast DRX cycle.
Multicast Paging Occasion (PO) and Paging Frame (PF-SFN) calculation during Multicast DRX ON period methodology can be similar as legacy unicast PO/PF with the following changes:
· SFN for the Multicast PF is determined by: (SFN + PF_offset_multicast) mod T’ = (T’ div N)*(Multicast_ID mod N)

· Index (i_s), indicating the index of the Multicast PO is determined by: i_s = floor (Multicast_ID/N) mod Ns

· T’ = Multicast DRX cycle (which can be different for different multicast services based on service requirements)

· N: number of total multicast paging frames in Multicast DRX Cycle T’.

· Ns: number of multicast paging occasions for a multicast PF

· PF_offset_multicast: offset used for multicast PF determination

· Multicast_ID: (TMGI or G-RNTI or other fixed common identity as input) mod 1024

If Multicast_ID is common for different multicast services , then a UE interested to receive multiple multicast services may have to monitor common multicast PO , which can help to reduce number of multicast POs monitored by UE and less impact on power consumption.

Alternatively, it is possible to specify fixed Multicast DRX cycle, fixed PF and fixed PO offset values in SIB configuration so that all multicast UEs will wake up in same multicast PF/PO in a given multicast DRX cycle

Proposal 9. RAN2 to discuss following options to determine Multicast PO and Multicast PF 

· Option 1:  SFN for the Multicast PF is determined by: (SFN + PF_offset_multicast) mod T’ = (T’ div N)*(Multicast_ID mod N) and Index (i_s), indicating the index of the Multicast PO is determined by: i_s = floor (Multicast_ID/N) mod Ns.

· T’ = Multicast DRX cycle (which can be different for different multicast services based on service requirements)

· N: number of total multicast paging frames in Multicast DRX Cycle T’.

· Ns: number of multicast paging occasions for a multicast PF

· PF_offset_multicast: offset used for multicast PF determination

· Multicast_ID: (TMGI or G-RNTI or other fixed common identity as input) mod 1024

· Option 2: Specify fixed multicast PO and PF in every multicast DRX cycle period.

The UE capable of Multicast services may have to monitor both Multicast PO and unicast PO. For certain UEs, if both Multicast PO and Unicast PO are same, UE is expected to monitor both Unicast and Multicast paging in same PO. For certain UEs, Multicast and Unicast POs may be different and these UEs are required to monitor both POs and there is a trade-off between paging efficiency vs UE wake-up power.
Multicast UE monitors one Multicast PO per multicast DRX ON period. In multi-beam operations, the UE can assume that the same paging message is repeated in all transmitted beams, and thus the selection of the beam(s) for the reception of the paging message is up to UE implementation.

An example DRX monitoring is illustrated in below diagram:
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Proposal 10. For the case of multicast multi-beam operation (i.e., beam sweeping), the same group paging message is repeated in all transmitted multicast beams. The selection of the multicast beam(s) for the reception of the multicast paging message is up to UE implementation.
In case of Rel-16 NR-U (NR-Unlicensed), within a given PO, PDCCH locations in time domain will be repeated a number of times to solve LBT issue.

“firstPDCCH-MonitoringOccasionOfPO” is the 1st PDCCH monitoring occasion.  “nrofPDCCHMonitoringOccasionPerSSB-InPO” IE: number of PDCCH monitoring occasions corresponding to one SSB for paging”. 
Proposal 11. For unlicensed NR, within multicast PO, PDCCH locations in time domain will be repeated a number times as indicated by legacy IEs firstPDCCH-MonitoringOccasionOfPO and nrofPDCCHMonitoringOccasionPerSSB-InPO (Or) introduce new IEs for Multicast PO.
3. Conclusion and proposals
In this contribution, we discussed various aspects related to NR Multicast service activation alert using group paging mechanism and a summary of proposals is given below. 
Observation 1.
The use of group paging is more radio efficient than using UE specific paging as multicast session activation alert.


Proposal 1.
Introduce MBS Session ID as group paging identity in RRC Paging message for both RAN and CN paging.
Proposal 2.
RAN2 agrees that there is no need to differentiate between CN and RAN paging for Multicast Group paging.
Proposal 3.
Introduce MBS Session ID as a new choice value for PagingUE-Identity in NR Paging message.
Proposal 4.
Use legacy P-RNTI to scramble CRC of multicast PDCCH used to schedule group paging message.
Proposal 5.
In order to support multicast service activation alert for multicast UEs camping on non-supporting NG-RAN, 5GC has to fallback to legacy UE specific paging method.
Proposal 6.
Multicast UEs in RRC_IDLE and RRC_INACTIVE state monitor multicast POs every multicast DRX cycle (T’) = MulticastPagingCycle which can be option 1: configured in SIB1 , option 2: the same as the legacy defaultPagingCycle in SIB1 or option 3: equal to a configurable factor * defaultPagingCycle.
Proposal 7.
Support configuration of different multicast DRX paging cycles for different services depending on latency requirements of the service.
Proposal 8.
Multicast DRX cycle is integral multiple of unicast DRX cycle.
Proposal 9.
RAN2 to discuss following options to determine Multicast PO and Multicast PF
· Option 1:  SFN for the Multicast PF is determined by: (SFN + PF_offset_multicast) mod T’ = (T’ div N)*(Multicast_ID mod N) and Index (i_s), indicating the index of the Multicast PO is determined by: i_s = floor (Multicast_ID/N) mod Ns.

· T’ = Multicast DRX cycle (which can be different for different multicast services based on 
service requirements)

· N: number of total multicast paging frames in Multicast DRX Cycle T’.

· Ns: number of multicast paging occasions for a multicast PF

· PF_offset_multicast: offset used for multicast PF determination

· Multicast_ID: (TMGI or G-RNTI or other fixed common identity as input) mod 1024

· Option 2: Specify fixed multicast PO and PF in every multicast DRX cycle period.

Proposal 10.
For the case of multicast multi-beam operation (i.e., beam sweeping), the same group paging message is repeated in all transmitted multicast beams. The selection of the multicast beam(s) for the reception of the multicast paging message is up to UE implementation.
Proposal 11.
For unlicensed NR, within multicast PO, PDCCH locations in time domain will be repeated a number times as indicated by legacy IEs firstPDCCH-MonitoringOccasionOfPO and nrofPDCCHMonitoringOccasionPerSSB-InPO (Or) introduce new IEs for Multicast PO.
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