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Introduction
In this contribution, we discuss on the FFS part in the previous agreements on delivery mode 2 and some other open issues which have not been well addressed. 
More specifically, the discussion covers the following aspects,
· Change notification mechanism
· Service continuity of broadcast session
· MBS interest indication
· MCCH configuration
Discussion
[bookmark: OLE_LINK6][bookmark: OLE_LINK1]Change notification mechanism
Notification of session stop/modification
It is agreed that MCCH change notification mechanism is used to notify the session start for delivery mode 2. However, it is not decided that how UE is aware of the stop/modification of an ongoing session.
The options to be down-selected are as below, according to chairman note of RAN2#113bis-e [1],
	RAN2 will discuss and down-select from the following two options for the UE to get aware of session stop/modification:
Reading MCCH once per each MCCH modification period when receiving an ongoing broadcast session
DCI used for MCCH notification indicates the change of an ongoing broadcast session 



· Option 1: UE Reads MCCH once per each MCCH modification period when receiving an ongoing broadcast session
· Option 2:  DCI used for MCCH notification indicates the change of an ongoing broadcast session.
In SC-PTM, for normal UEs (i.e. UEs Except for NB-IoT UEs, BL UEs or UEs in enhanced coverage) a notification mechanism is used only to announce changes of SC-MCCH due to Session Start. And the UE receiving an ongoing session detects changes to SC-MCCH by SC-MCCH monitoring at the modification period. Besides, For NB-IoT UEs, BL UEs or UEs in enhanced coverage, specific notification mechanism is used to announce changes of SC-MCCH for the ongoing service.
In NR, there are no UE types like NB-IoT UEs, BL UEs or UEs in enhanced coverage.so it is natural that we only need to consider solution for normal UEs. Therefore, it is straight forward for NR to take the mechanism for normal UEs in SC-PTM as baseline (i.e. option 1), i.e. UE receiving an ongoing broadcast session autonomously detects changes to MCCH by monitoring MCCH at each modification period.
However, concern has been raised in the past discussion that the UE power consumption may be increased with option 1. To better understand the pros and cons of each option, a comparison between the option 1 and option 2 is illustrated in table 1 as below,
Table 1
	
	Option 1
UE Reads MCCH once per each MCCH modification period when receiving an ongoing broadcast session
	Option 2
DCI used for MCCH notification indicates the change of an ongoing broadcast session

	Signalling overhead
	No
	Increased
Due to additional change notification triggered by stop/modification of ongoing sessions.

	Power consumption of UE waiting session start 
	No
	Increased
Due to decode additional change notification triggered by stop/modification of ongoing sessions.

	Power consumption of UE receiving ongoing session(s)
	Increased
Due to UE decode MCCH at each modification period
	No



According to above comprehensive comparison, Option 1 is the better solution for UE to be aware of be aware of the stop/modification of an ongoing session.
Therefore, a full view of the change notification mechanism in NR MBS can be illustrated as in Figure 1,


Figure 1

Proposal 1: For UE receiving an ongoing broadcast session, it reads MCCH once per each MCCH modification period. 
Optimization of MCCH change notification
By taking SC-PTM as baseline, whether need further optimization (e.g. group based change notification) has been discussed previously. Group based change notification is beneficial on reducing UE power consumption, as it is not necessary for a specific UE to decode the MCCH once any of the services is started. Hence, it can be considered if time is allowed in R17.
To support group based change notification, there should be a way to group the services into groups. This may be up to gNB implementation and it is not clear whether it is necessary to standardize it. However, some possible methods as following can be considered.
· Services are grouped by different latency requirement.
· Services are grouped into: frequently changed and non-frequently changed.
· Services are grouped by TMGIs, e.g. service whose TMGI mod 8 = m belongs group #m.
Regardless of which manner the services are grouped in, there are some possible solutions which can be used to notify the session start of a specific group, as following,
· Option 1: support multiple notification RNTIs, i.e. a specific RNTI is used to notify the change of a specific group
· Option 2: Bit of the 8-bit bitmap in the DCI is used to notify the change of a specific group.
Proposal 2: Group based change notification can be supported.
Service continuity of broadcast session
Service continuity between MBS cells for broadcast session 
To ensure the service continuity during mobility for UE receiving delivery mode 2 in idle/inactive mode, UE should be aware of which services is provided on which neighbor cell. However, It is not decided yet whether to support UE awareness of MBS services per frequency or per cell, according to chairman note of RAN2#113e [2],as below,
	FFS whether support UE awareness of MBS services on frequency basis for service continuity for NR MBS delivery mode 2 (i.e. Reuse LTE SC-PTM mechanism).


For broadcast session, it is transmitted in a pre-define area which is called broadcast area obtained from AF, according to clause 7.3.1 in [3], 
	The AF requests activation of an MBS Session by sending an Activate MBS Session Request (TMGI, HL MC Address, Service Requirement, broadcast area) message to the NEF/MBSF.


Typically the deployment of broadcast may be per frequency, but it also can be per cell at the border of broad area. Besides, deployment can be per cell for local MBS services, according to clause 7.3.1 in [3],
	The NEF may further convert the broadcast area, which can be defined in external format, to MBS service area. The MBS service area can be represented by cell list or TAI list.


As baseline, solution for deployment per frequency should be considered with high priority since it is the typical deployment scenario. Solution for deployment per cell can be considered later if needed.
Observation 1: For broadcast session, deployment per cell is possible at the border of broadcast area and for local broadcast services.
Observation 2: For broadcast session, deployment per frequency is the typical scenario.
Therefore, to support the service continuity of broadcast session, services can be indicated per frequency in the MBS SIB, which means the LTE SIB15-like mechanism can be the baseline.
According to SA2 conclusion in [2], the broadcast service configuration could be preconfigured in USD or acquired via service announcement in upper layer,
	To receive the data of broadcast communication service, the UE is either preconfigured with needed configuration (e.g. USD) for the UE to receive MB service, or provisioned with the configuration of broadcast session on application level (the configuration may for instance be performed using SIP signalling, or methods described in TS 26.346 [13]).


From UE perspective, based on USD or configuration acquired by service announcement in upper layer, and the information in MBS SIB, it can determine whether a broadcast service is provided on a neighbor frequency or not.
Proposal 3: Broadcast sessions are indicated per frequency in the MBS SIB, which is baseline. Further enhancement (e.g. per cell indication) can be considered later.
To ensure UE to continue the reception during cell reselection as much as possible, there is MBMS specific frequency prioritization rule in LTE. UE can prioritize the frequency providing its interested MBS service during cell reselection. It is beneficial to ensure service continuity for NR MBS to reuse this mechanism.
Observation 3: MBS specific frequency prioritization in SC-PTM is applicable to NR MBS.
[bookmark: OLE_LINK141][bookmark: OLE_LINK142]According to [5], In LTE SC-PTM, For NB-IoT UEs, BL UEs or UEs in enhanced coverage an SC-PTM offset is applied to the cell reselection rules ,more specifically, The SC-PTM offset is used in the calculation of R value of serving cell and neighbor cell as specified in [36.304],
	For NB-IoT UEs, BL UEs or UEs in enhanced coverage, the UE applies the normal cell reselection rules with the following modifications:
-	the UE which is receiving MBMS service(s) via SC-PTM and can only receive these MBMS service(s) via SC-PTM while camping on the frequency providing these MBMS service(s) applies an offset signalled in SystemInformationBlockType5-NB for NB-IoT UEs and SystemInformationBlockType5 for BL UEs or UEs in CE to this frequency in ranking based cell reselection;
-	the UE which is interested in receiving MBMS service(s) via SC-PTM and can only receive these MBMS service(s) via SC-PTM while camping on the frequency providing these MBMS service(s) applies an offset signalled in SystemInformationBlockType5-NB for NB-IoT UEs and SystemInformationBlockType5 for BL UEs or UEs in CE to this frequency in ranking based cell reselection;
-	when the MBMS service(s) which the UE is interested in are no longer available (after the end of the session) or the UE is no longer interested in receiving the service(s), the UE no longer apply the offset to the frequency providing these MBMS service(s) in ranking based cell reselection.


For NR MBS, there is no such kind of UE like, NB-IoT UEs, BL UEs or UEs in enhanced coverage, so the above design is not applicable to NR MBS.
Observation 4: SC-PTM offset to intra-frequency and equal priority inter-frequency Cell Reselection criteria is not applicable to NR MBS.
Proposal 4: During cell reselection, MBS specific frequency prioritization is supported.
Whether to support broadcast via unicast PDU session on non MBS cell
In SC-PTM, there is mechanism to support MBMS reception via unicast PDU session on cell not providing the MBMS service,
	For each MBMS service provided using SC-PTM, E-UTRAN indicates in the SC-MCCH the list of neighbour cells providing this MBMS service so that the UE can request unicast reception of the service before changing to a cell not providing the MBMS service using SC-PTM.


Regarding whether to support Broadcast reception when the UE moves out the Broadcast MBS service area, SA2 has conclusions, according to SA2 spec [2] as following,
	The UE receives the same Broadcast MBS service if the target NG-RAN support the same MBS session.
NOTE:	When the UE moves out the Broadcast MBS service area, how the UE get the same content via application level is out scope of 3GPP.


Hence, RAN does not need to consider Broadcast reception via unicast PDU session when the UE moves out the Broadcast MBS service area.
Proposal 5: Broadcast reception via unicast PDU session on non-MBS cell is not supported.
MBS interest indication 
RAN2 has agreed that MBS interest indication for broadcast session is supported for UEs in connected mode,
	Assume that MBS Interest Indication is supported for UEs in connected mode for Broadcast service (assume that as usual there is no mandatory network requirement, network action is up to network).
MBS Interest Indication is NOT supported for UEs in idle/inactive mode for NR MBS delivery mode 2.


The cases to report MBS Interest Indication and the content of the MBS Interest Indication message is to be further discussed.
The cases to report MBS interest indication for broadcast session can be summarized as below,
Table 2
	Cases of MBS interest indication
	Description

	To ensure broadcast continuity upon enter connected mode.

	UE may be configured to operate on an active BWP other than CFR(defined for MBS by RAN1) upon RRC connection establishment. Then for the continuity of broadcast session, UE is required to monitor both the CFR for broadcast services and active BWP simultaneously. However, it may beyond UE’s capability as UE is not required to operate on more than one BWP simultaneously in legacy NR.
To avoid this, one straight way is gNB always configures an active BWP overlapped with the CFR. To achieve this, gNB should be aware of services being received by UE before gNB configures the active BWP to UE. 

	To ensure broadcast continuity due to congestion between broadcast and unicast traffic.

	In SC-PTM, UE may be not support simultaneous reception of unicast transmission and MBMS transmission in one subframe. So UE indicates to eNB on whether it prioritizes MBMS reception over unicast. It is also applicable to NR MBS, i.e. whether UE prioritizes the broadcast above unicast should be indicated by MBS interest indication.

	To ensure broadcast continuity during mobility in connected mode.

	The basic service continuity during handover should be supported, which means NG-RAN should prioritize to choose a cell supporting the receiving services (i.e. identified by TMGI) as the target cell. Therefore, source gNB should be aware of which UE is receiving what broadcast sessions.so MBS interest indication should be sent:
· When a UE receiving broadcast enters connected mode.
· When a UE in connected mode starts the broadcast reception.
· When a UE in connected mode stops the broadcast reception.



With MBS interest indication, gNB is kept up to date with which broadcast services UE is interested in and is able to ensure the service continuity for broadcast session to UEs in connected mode. The procedure is illustrated in figure 2,


Figure 2
Proposal 6: When a UE receiving broadcast session enters connected mode, the UE sends MBS interest indication to gNB before MSG4 is received.

Proposal 7: MBS interest indication should be reported in the following cases,
· UE receiving broadcast service enters connected mode from idle/inactive mode.
· UE in connected mode starts the broadcast reception.
· UE in connected mode stops the broadcast reception.
The content of the message MBMS interest indication in LTE can be reused as baseline in NR MBS. So it is proposed,
Proposal 8: For delivery mode 2, MBS interest indication should include the following information, 
· Broadcast session IDs(i.e. TMGI)
· Broadcast frequency list
· Priority between broadcast and unicast
MCCH configuration 
RRC Dedicated signaling of PTM configuration for delivery mode 2
Whether RRC dedicated signaling of PTM configuration for DM2 has been discussed previously and not conclude yet.
It seems the intention to support PTM configuration via RRC dedicated signaling to UE in connected mode is assuming the CFR used for MCCH is not overlapped with active BWP, then UE cannot receive the MCCH message when connected UE operates on the active BWP. Butif the CFR used for MCCH is not overlapped with active BWP, it is also very likely that CFR used for MTCH are also not overlapped with active BWP in this case. So even thorough UE can acquire the PTM configuration via dedicated RRC signaling, UE still cannot received MTCH data on CFR.
Hence, it does not make sense to send PTM configuration of delivery mode 2 via dedicated RRC signaling to UE in connected.
Proposal 9: For delivery mode 2, RRC dedicated signaling of PTM configuration is not supported.
Whether to support on-demand MCCH
The on-demand mechanism may be beneficial on reducing RAN resource consumption when no UE is in the broadcast service area. However, service area of broadcast session is assumed to be controlled in a static manner. The broadcast service will be transmitted in a cell regardless of whether there is UE interested in the corresponding service. Since the occupation of UP resource is ongoing. Hence it does not make much sense to only reduce the resource consumption on CP.
On the other hand, the disadvantages by using on-demand MBS configuration are obvious, which can be summarized as following,
· Extra latency for service setup time.
· Extra interruption during cell reselection
· Extra interaction with network for broadcast session.
Hence, on-demand mechanism should not be used for MBS configuration.
Proposal 10: On-demand MCCH is not supported.
Area specific PTM configuration
In practice broadcast services span across an area including multiple cells belonging to the same NG-RAN node or different NG-RAN nodes. If common PTM configuration is used across cells, the use of area specific PTM configuration can help to ensure better service continuity during mobility.
For cells within a DU or within a NG-RAN node, it seems not very complicated to use common PTM configuration of a specific service as resources of the cells are under the same NG-RAN node’s control. 
For inter NG-RAN nodes case, more aspects need to be considered. One aspect is how to exchange and align the PTM configuration among the NG-RAN nodes, which may be difficult but is still feasible. Moreover, this may be more up to network implementation and deployment policy. So for scalability and flexibility of deployment, area specific PTM configuration for inter NG-RAN node case can also be supported.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Proposal 11: Area specific PTM configuration (e.g. in MCCH) is supported. 
Conclusion
In this contribution, we discuss on delivery mode 2 remaining aspects, based on which the observations and proposals are summarized as the following. 
Change notification mechanism
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Proposal 1: For UE receiving an ongoing broadcast session, it reads MCCH once per each MCCH modification period. 
Proposal 2: Group based change notification can be supported.
Service continuity of broadcast session
Observation 1: For broadcast session, deployment per cell is possible at the border of broadcast area and for local broadcast services.
Observation 2: For broadcast session, deployment per frequency is the typical scenario.
Proposal 3: Broadcast sessions are indicated per frequency in the MBS SIB, which is baseline. Further enhancement (e.g. per cell indication) can be considered later.
Observation 3: MBS specific frequency prioritization in SC-PTM is applicable to NR MBS.
Observation 4: SC-PTM offset to intra-frequency and equal priority inter-frequency Cell Reselection criteria is not applicable to NR MBS.
Proposal 4: During cell reselection, MBS specific frequency prioritization is supported.
Proposal 5: Broadcast reception via unicast PDU session on non-MBS cell is not supported.

MBS interest indication
Proposal 6: When a UE receiving broadcast session enters connected mode, the UE sends MBS interest indication to gNB before MSG4 is received.

Proposal 7: MBS interest indication should be reported in the following cases,
· UE receiving broadcast service enters connected mode from idle/inactive mode.
· UE in connected mode starts the broadcast reception.
· UE in connected mode stops the broadcast reception.
Proposal 8: For delivery mode 2, MBS interest indication should include the following information, 
· Broadcast session IDs(i.e. TMGI)
· Broadcast frequency list
· Priority between broadcast and unicast
MCCH configuration
Proposal 9: For delivery mode 2, RRC dedicated signaling of PTM configuration is not supported.
Proposal 10: On-demand MCCH is not supported.
Proposal 11: Area specific PTM configuration (e.g. in MCCH) is supported. 
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