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Introduction
In RAN Meeting #88-e a new working item was approved WID [1] targeting a RAN support of Multicast/Broadcast Services (MBS) in R17.One of the key objective of this WID is to study and
·  Specify the support for basic mobility with service continuity [RAN2, RAN3].
   Regarding NR MBS mobility, most of the proposals submitted to the latest 3GPP RAN2 and RAN3 meetings have suggested to reuse the legacy NR unicast handover (HO) with lossless feature as a potential candidate for MBS mobility in NR R17. Legacy NR unicast HO with lossless features can effectively resolve the reliability issues during MBS mobility; however, it can cause (~25-40ms) additional service interruption time [2].  Given the fact that some MBS use cases targeted in NR such as V2X and industrial applications (e.g., motion sensors and actuators) which may involve MBS reception during inter-RAN mobility require very low service interruption delay on the top of their reliability requirements. Therefore, a handover mechanism to handle both the latency and reliability issue is very essential for efficient mobility with service continuity in R17 MBS. Although, in last 3GPP meetings some companies have proposed to adopt dual active protocol handover (DAPS HO) for low-latency MBS mobility; however, DAPS will impose huge amount of signalling at UE due to simultaneous reception from both the source and target handover gNB at the same time. In this contribution, we discuss some enhancement to guarantee low MBS data losses and service interruption time while keeping UE signalling complexity as minimum as possible.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK63][bookmark: OLE_LINK64]Discussion
     NR MBS is targeting several use-cases which include public safety, mission critical, V2X applications, transparent IPv4/IPv6 multicast delivery, IPTV, software delivery over wireless, group communications and IoT applications. Most of these use cases involve MBS service reception during inter-node mobility, e.g. public safety, V2X applications, group communications and so on. In addition, most of the above use cases require high reliability, for example, V2X applications require up to 99.9999% reliability, public safety and MCPTT service also requires up to 99.9999% reliability. Whereas, some of MBS use-cases such as V2X and industry application (e.g., motion related sensor such as industrial actuators) which may also involve MBS service reception during inter-node mobility require very low service interruption time due to their very strict latency requirement (.5ms to 0.5ms) Table .2. Therefore, from the above description it is clear a low-latency and lossless handover type which guarantee both MBS reliability and latency requirement is very essential for some use-cases (e.g., MBS V2X and industrial applications as shown in table 1).  
Table 2. Handover type based on MBS use cases
	MBS use cases
	Latency
	Reliability
	Handover Type 

	V2X
	5-100ms variable 
	90% to 99.9999% 
	Low-latency and Lossless

	Live Video
	150ms
	99.9%  
	Lossless 

	IOT, Software update
	Latency Tolerant
	Higher reliability is beneficial
	Lossless 

	Industry applications
	0.5ms
	99.9999% 
	Low-latency and Lossless



in order to guarantee both minimum data loss and service interruption delay during MBS HO process while keeping minimizing UE signalling and processing complexity as per requirements of some of the above-mentioned MBS use-cases, we propose some changes in existing HO procedure such as exchanging additional information within the HO signalling messages as given below (Fig .1). 
 Source gNB 
UE
Measurement report
 
HANDOVER ACK: [Agreed timing of when source and target start/stop PDCP SN allocation and/or data forwarding, target pre-allocated grant, Downlink sync /Uplink time advance with reference to X, MBS scheduling configuration
 
HANDOVER COMMAND
[Agreed time of when source and target start/stop PDCP SN allocation and/or data forwarding, the source and/or target pre-allocated grant, target gNB Uplink time advance/downlink sync with respect to X, MBS scheduling configuration]
 Yes 
Synchronizes to target gNB based and stop receiving MBS data from source either as specified in the HANDOVER COMMAND or upon a reception of first packet from target.


Target gNB
HANDOVER REQUEST [Source gNB requests target gNB to suggest the time when it will start PDCP allocation and data forwarding toward UE with the reference to time point X ( where X, could be an uplink/downlink frame sent/received to/from UE or an uplink time advance reference/downlink sync time point with UE ) 
Admission control and determining the time when to start PDCP allocation and data forwarding toward UE with reference to X
  
 
Target starts forwarding a copy downlink data forwarded from source gNB toward UE without waiting to receive handover complete message 
 
PDCP SN assigning and forwarding of all
 PDCP SDU received from UPF during UE gNBS switching time to target 


HO complete or uplink data to target or HO failure to target or source gNB 

Fig .1: The proposed handover to support low-latency and reliable MBS mobility.
a) Data loss handling: for handling data losses, we propose the following enhancements in RAN3:

· Proposal 1:  Study exchanging between the sources and target gNBs a timing information about when the PDCP SN allocation and data forwarding will start or stop by the target and source gNBs. 
Such a procedure can help in maintaining a logical connectivity (PDCP level) between the source and the target gNBs during the handover and minimize UE data loss. It can also help in overcoming PDCP count value misalignment issue, because it allows the PDCP allocation to be carried according to the agreed timing between the source and target handover nodes. For example, the source gNB can start allocating PDCP SN from the time it receive HANDOVER ACK message from target until the time specified within the HANDOVER ACK message that indicate when PDCP SN allocation will start by the target gNB. 
     In addition, it can allows UE to stop downlink reception from the source, either as specified the HANDOVER INITIATION command (i.e., the agreed time when the target gNB will start forwarding data toward the UE) or immediately after receiving first packet from the target gNB. Such procedure can help in addressing the PDCP re-ordering and duplication issue since it allows the duplication check and in-sequence delivery to the 5G core to be done either in the source gNB (i.e., target gNB start forwarding DL data or until receiving first packet from the target gNB) or in the target gNB then after, as appose to the current DAPS procedure in which a common re-ordering and duplication function (for the source gNB and the target gNB) is required in a single PDCP entity.
· Proposal 2: Discuss forwarding by the source gNB all MBS DL data or PDCP SDU received from UPF during UE switching time to the target gNB then to UE.
Such a procedure can ensure that packet loss will not occurs at UE side because it can guarantee that all MBS packet (PDCP SDUs) received by source gNB from core network (UPF) gNB during UE switching time (i.e. the time agreed by the source and target gNBs to stop/start serving/forwarding MBS data to the UE) will be forwarded to the UE.
· Proposal 3: Study exchanging of the timing information about when the MBS data forwarding will start and stop by target/source gNBs to the UE via the source gNB.
[bookmark: _GoBack] Exchanging such information to the UE, allows UE to know clearly when it will expect to start receiving MBS DL data from the target gNB. With the knowledge of such timing information along with information related to MBS scheduling configuration of the target gNB, the UE can prepares optimal reception configuration for MBS data in advance and decides when to stop receiving DL data from source and when to release the source configuration (i.e. avoiding the need to continue the MBS downlink data reception from both source and target gNBs until the source gNB connection is released by an explicit release command from the target gNB as in current  DAPS). Such a procedure can relatively reduce UE signalling complexity and UE power consumption. Moreover, with the knowledge of the timing information UE does not need to wait until a handover release command to be exchanged between target and source gNBs in order to stop DL data reception from the source as in current DAPS.  Instead, it can stop receiving MBS data from the source gNB either as specified the HANDOVER command (i.e., the knowledge of the time when the target will start forwarding data toward UE) or immediately after receiving first packet from the target gNB). This can help in reducing handover signalling and UE processing cost.
b) Interruption handling : to handle service interruption delay, we propose the following enhancements in RAN3:

· Proposal 4: Study exchanging of target gNB uplink timing advance and/or downlink timing information agreed between the source and target to the UE via the source gNB. 
Exchanging such information can help UE to avoid the random access (RACH) procedure during handover execution period which could result in decreasing the handover interruption time and help in relaxing UE processing and signalling complexity (RACH process could cause about 10-15ms additional handover delay).
· Proposal 5: Study forwarding by target gNB a copy of downlink data or PDCP SDU forwarded by source gNB during UE switching period immediately toward the UE without waiting to receive handover complete message. 
This can relatively reduce the handover service interruption time. Because unlike in legacy DAPS HO in which the downlink data forwarding toward UE by the target is triggered by the reception of handover complete message, the new procedure downlink data forwarding start just according to a predefined time by the target gNB (note: this cans also help in addressing data gap issue).  
Conclusion
In this contribution, we discussed a handover method to support reliable and low-latency NR multicast mobility and proposed some enhancements proposals to enable it. These proposals are summarized as follows:
· Proposal 1:  RAN3 Study exchanging between the sources and target gNBs a timing information about when the PDCP SN allocation and data forwarding will start or stop by the target and source gNBs.. 
· Proposal 2: RAN3 discuss forwarding by the source gNB all MBS DL data or PDCP SDU received from UPF during UE switching time (i.e. the time agreed by the source and target gNBs to stop/start serving the UE) to the target gNB then to UE.
· Proposal 3: Study exchanging of the timing information about when the MBS data forwarding will start and stop by target/source gNBs to the UE via the source gNB.
· Proposal 4: Study exchanging of target gNB uplink timing advance and/or downlink timing information agreed between the source and target to the UE via the source gNB. 
· Proposal 5: Study forwarding by target gNB a copy of downlink data or PDCP SDU forwarded by source gNB during UE switching period immediately toward the UE without waiting to receive handover complete message. 
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