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Introduction

A new WID [1] had been agreed in RAN#88 for study on NR MBS, which has the following objectives: 

Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:

Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]

This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.

Specify support for dynamic change of Broadcast/Multicast service delivery between multicast (PTM) and unicast (PTP) with service continuity for a given UE [RAN2, RAN3]
Specify support for basic mobility with service continuity [RAN2, RAN3]

Assuming that the necessary coordination function (like functions hosted by MCE, if any) resides in the gNB-CU, specify required changes on the RAN architecture and interfaces, considering the results of the SA2 SI on Broadcast/Multicast (SP-190625) [RAN3]
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.[RAN1, RAN2]

Study the support for dynamic control of the Broadcast/Multicast transmission area within one gNB-DU and specify what is needed to enable it, if anything [RAN2, RAN3]
Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:

Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. [RAN2, RAN1].
In this contribution, we aim at analysis and proposals on MBS service continuity for RRC Connected mode UE.

Discussion

Background in LTE

In LTE, there were two specified mechanisms for multicast services transmission, i.e. MBSFN and SC-PTM. In order for MBMS service continuity of Connected mode UE, MBMS Interest Indication procedure, as following illustration of the procedure, was introduced in LTE, which is used to inform eNB that the UE is receiving or is interested to receive MBMS service(s) via an MRB or SC-MRB, and if so, to inform eNB about the priority of MBMS versus unicast reception or MBMS service(s) reception in receive only mode.
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Figure 5.8.5.1-1: MBMS interest indication (in TS36.331)

With the MBMS Interest Indication procedure, An MBMS or SC-PTM capable UE in RRC_CONNECTED may report or update its interest indication in several cases:

upon successful connection establishment;

upon entering or leaving the service area;

upon session start or stop;

upon change of interest;

upon change of priority between MBMS reception and unicast reception;

upon change to a PCell broadcasting SystemInformationBlockType15;
upon starting and stopping of MBMS service(s) in receive only mode;

upon change of receive only mode frequency, bandwidth or subcarrier spacing of MBMS service(s) in receive only mode.
That is to say, with the above triggering for MBMS Interest Indication, eNB can get the newest MBMS interest and priority information and MBMS service(s) reception in receive only mode, which makes eNB to decide proper current configurations and target node selection to simultaneously guarantee service continuity of Unicast and Multicast.

Observation 1: In LTE, MBMB Interest Indication is used to inform eNB the newest MBMS Interest and priority information of each RRC-Connected mode UE for MBMS service continuity.
Furthermore, according to different characteristics between MBSFN (i.e. single frequency) and SC-PTM (i.e. single cell), different MBS Interest Information granularities will be reported:

MBMS carrier frequency list is reported in MBSFN mode;

MBMS TMGI list is reported in SC-PTM mode;
Observation 2: In LTE, the granularity of MBMS Interest Indication is to report interested TMGI list in SC-PTM mode and frequency list in MBSFN mode.
NR MBS service continuity 

In NR, MBS service continuity can follow the similar mechanisms with LTE MBMS Interest Indication procedure. In first step, gNB should provide some on/off indicator and basic information about NR MBS Interest Indication reporting, which may include:

NR MBS Interest Indication ON implicitly or explicitly;

The MBS service availability in the serving cell;

The MBS service availability in the neighbor cell(s);
The former two items are obvious. The third item about neighbor cell MBS availability is used to assist UE to get interested MBS information/reception on the neighbor cell(s). 

Proposal 1: The network can indicate the CONNECTED UE of the MBS service availability of both the serving cell and the neighbor cells.

After an MBS-capable UE gets the ON indicator of MBS Interest Indication, the UE is permitted to report and update its interested or receiving MBS service(s) to its Pcell/Spcell upon change of interest/session/permission as LTE baseline. In our understanding, NR MBS will be scheduled separately in each cell as LTE SC-PTM. Hence the interested MBS information should be based on TMGI list. In this initial stage, Receive Only Mode are FFS.
Proposal 2: An MBS-capable UE can report its interested TMGI list information.
Furthermore, priority information between MBS service(s) and unicast service(s) should be also needed to assist gNB’s decision when MBS service(s) and unicast service(s) cannot be supported simultaneously. It is FFS whether 1-bit priority indicator as LTE is enough or not.

Proposal 3: Priority information between MBS service(s) and unicast service(s) can also be reported by UE for the case where MBS service and unicast service cannot be supported simultaneously. 

Based on the above MBS Interest Indication, a typical Xn handover procedure regarding MBS service continuity will be as followings:
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Figure 1 Typical Xn HO procedure regarding MBS service continuity
In step 0: the two nodes will be informed and updated with TMGI service(s) availability information via Xn interface or OAM. In our understanding, if the node is included in the multicast CN group of a specific TMGI service, it can announce that the service with this TMGI is available in its cell(s) no matter whether the service is transmitted via PTP or PTM in its Uu interface.

In step 1: UE gets the basic MBS information from gNB, e.g. MBS Interest Indication permission, available TMGI list and so on.

In step 2: When UE triggers MBS Interest Indication, it will report its newest interested or receiving TMGI list and priority information to its serving cell;

The serving gNB will choose the suitable target node(s) based on MBS service continuity requirement before or after HO preparation procedure.
In step 3: source node will carry MBS interest indication in HO REQUEST message to target node(s) in order that the target node(s) can give the proper configurations, e.g. serving cell(s) selection, to guarantee MBS service continuity and unicast service continuity simultaneously as much as possible. The target node may also transfer its MBS information via HO REQUEST ACKNOWNLEDGE within HO signaling to reduce UE MBS reception interruption.

In step 4: RRC reconfiguration procedure will be executed by UE with the target MBS configuration. 
Hence, we propose:

Proposal 4: Source node should be informed, e.g. by Xn interface or OAM, whether target node/cell(s) is included in the multicast CN group of a specific TMGI service or not.

Proposal 5: MBS interest indication, e.g. including TMGI list and priority between MBS service(s) and unicast service(s), should be carried in HO REQUEST message from source node to target node. 

Proposal 6: MBS configuration of target cell(s) should be carried in HO message to reduce UE MBS reception interruption. 

HO with PTM/PTP switching 

In this sub-section, we will analyse HO scenarios with PTM/PTP switching case by case. There is a basic assumption that PTM/PTP is just differentiated from Uu interface and both of them are based on shared MBS Traffic delivery in CN part, which is shown in the following red cycle of SA2 TR [2].
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Figure 4.4‑1: Schematic showing delivery methods inTR23.757[2] 
From HO perspective, there are 4 cases regarding PTM/PTP switching:

Case1: PTM-> PTM

In this case, the source is using PTM delivery method for a particular TMGI service which a UE is interested in or receiving. And meanwhile the target is also using PTM delivery method for this service. But the NR MBS service is scheduled separately by each cell, which means that out of sync for this service between the source and the target may not be avoided, e.g. the source has transmitted with packet SN = 20 (i.e. GTP-U SN of multicast NG tunnel) and the target has just transmitted with packet SN = 18 or vice versa. When the UE hands over from the source to the target, MBS packets duplication or gaps will occur. But since the target is using PTM delivery to multiple UEs, it is difficult to compensate for a single incoming UE. The potential compensation method may be via unicast and perform in-order delivery between an MRB and a DRB. The cost of optimization to achieve lossless is very high. 
Case 2: PTP-> PTM

In this case, the source is using PTP delivery method for a particular TMGI service which a UE is interested in or receiving. And meanwhile the target is using PTM delivery method for this service. Similar to the case 1, since the target is using PTM delivery to multiple UEs, the cost of optimization to achieve lossless for a single incoming UE is very high.

Case 3: PTM-> PTP

In this case, the source is using PTM delivery method for a particular TMGI service which a UE is interested in or receiving. And meanwhile the target is using PTP delivery method for this service. Since the target will use a PTP bearer to deliver the interested MBS traffic to this UE, some lossless optimization can be considered, e.g. SN status transfer/data forwarding like mechanisms, and the cost of these solutions are acceptable from the perspective of specification effort. 

Case 4: PTP-> PTP
In this case, the source is using PTP delivery method for a particular TMGI service which a UE is interested in or receiving. And meanwhile the target is also using PTP delivery method for this service. MBS traffic handling in this case may be similar with a legacy unicast handling between the source and the target, e.g. SN status transfer/data forwarding procedure, and the cost of these solutions are acceptable from the perspective of specification effort.

There is a summary table of the above 4 cases as following:

Table 1 Summary of PTM/PTP switching in HO

	
	Source 
	Target
	Service Continuity (If out of sync between Source and Target)

	Case 1:

M->M
	PTM
	PTM
	Reception duplication/gap may not be avoided and cost of optimization to achieve lossless is much greater.

	Case 2:

P->M
	PTP
	PTM
	Similar to case 1, cost of optimization to achieve lossless is much greater.

	Case 3:

M->P
	PTM
	PTP
	SN status transfer/data forwarding like mechanisms can achieve lossless with an acceptable cost.

	Case 4:

P->P
	PTP
	PTP
	SN status transfer/data forwarding like mechanisms can achieve lossless with an acceptable cost.


Based on the above analysis, we propose:

Proposal 7: For the CONNECTED mobility (e.g. handover or SCG change), when both the source cell and the target cell support the same MBS service with CN to RAN shared MBS traffic delivery, RAN2 is kindly requested to discuss which of the following cases should support the loss-less mobility:

Case 1: Source PTM to Target PTM;

Case 2: Source PTP to Target PTM;
Case 3: Source PTM to Target PTP;

Case 4: Source PTP to Target PTP.

Furthermore, the next separate HO case is that the source supports an MBS service via PTP or PTM based on CN to RAN shared MBS traffic delivery and the target is not included in the shared MBS service group and can only support the MBS service via pure unicast, i.e. unicast PDU session and Uu unicast bearer like legacy unicast service.  For this case, only after the UE hands over to the target, a unicast request for this MBS service may be triggered and service interruption is very large. RAN2 is kindly requested to discuss whether this scenario needs to be considered to reduce the service interruption. And further SA2 progress about this scenario can also be waited.
Proposal 8: For the CONNECTED mobility (e.g. handover or SCG change), when the source cell is included in a shared CN traffic group of an interested MBS service and the target cell is not, RAN2 is kindly requested to discuss whether this scenario needs to be considered to reduce the service interruption. (Can wait for the solutions provided by SA2)
Conclusion

In this contribution, we give analysis and solutions on MBS service continuity for RRC Connected mode UE.  Based on the discussion, we have the following observations and proposals:

Observation 1: In LTE, MBMB Interest Indication is used to inform eNB the newest MBMS Interest and priority information of each RRC-Connected mode UE for MBMS service continuity.
Observation 2: In LTE, the granularity of MBMS Interest Indication is to report interested TMGI list in SC-PTM mode and frequency list in MBSFN mode.
And we propose that:

Proposal 1: The network can indicate the CONNECTED UE of the MBS service availability of both the serving cell and the neighbor cells.

Proposal 2: An MBS-capable UE can report its interested TMGI list information.
Proposal 3: Priority information between MBS service(s) and unicast service(s) can also be reported by UE for the case where MBS service and unicast service cannot be supported simultaneously. 

Proposal 4: Source node should be informed, e.g. by Xn interface or OAM, whether target node/cell(s) is included in the multicast CN group of a specific TMGI service or not.

Proposal 5: MBS interest indication, e.g. including TMGI list and priority between MBS service(s) and unicast service(s), should be carried in HO REQUEST message from source node to target node. 

Proposal 6: MBS configuration of target cell(s) should be carried in HO message to reduce UE MBS reception interruption. 

Proposal 7: For the CONNECTED mobility (e.g. handover or SCG change), when both the source cell and the target cell support the same MBS service with CN to RAN shared MBS traffic delivery, RAN2 is kindly requested to discuss which of the following cases should support the loss-less mobility:

Case 1: Source PTM to Target PTM;

Case 2: Source PTP to Target PTM;
Case 3: Source PTM to Target PTP;

Case 4: Source PTP to Target PTP.

Proposal 8: For the CONNECTED mobility (e.g. handover or SCG change), when the source cell is included in a shared CN traffic group of an interested MBS service and the target cell is not, RAN2 is kindly requested to discuss whether this scenario needs to be considered to reduce the service interruption. (Can wait for the solutions provided by SA2)
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