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1. Introduction
In RAN3#110e meeting, the mobility issue was further discussed and the following agreements were made:
	Agreements:

· Xn Handover Request and NG Handover Request message contain MBS context information for the UE.

· MBS context information within the UE context shall contain all MBS multicast session information the UE has joined.

· The MBS configuration decided at target gNB is sent to the UE via the source gNB (details e.g. RRC container etc. pending RAN2 progress).
· For multicast, NR MBS shall provide means for minimization of data loss during mobility.

· For multicast, in order to allow the UE to detect loss of data or duplication of data, RAN3 shall continue discussing solutions to support alignment of PDCP SNs in between gNBs
· RAN3 will work on concepts to enable coordinated assignment of PDCP SNs to MBS user data packets within a gNB and between gNBs (to be coordinated with RAN2 if needed). Details FFS.


Meanwhile, RAN2 also made some progress in RAN2#112-e meeting [1]:
	Agreements:

· R2 aim to support lossless handover for MBS-MBS mobility for service that requires this (TBD which detailed scenario but at least PTP-PTP)

· In order to support the lossless handover for 5G MBS services, at least DL PDCP SN synchronization and continuity between the source gNB and the target gNB should be guaranteed by the network side to realize. The design of specific approach to realize this can be involved with WG RAN3.

· From network side, the source gNB may forward the data to the target gNB and the target gNB will deliver the forwarding data. Meanwhile, the SN STATUS TRANSFER should be extended to cover the PDCP SN for MBS data; Then (TBD after or in parallel) the UE receives the MBS in the target gNB by the target gNB according to target configuration.
· From UE side, PDCP status report may be supported as well. 


In this contribution, we will further discuss the mobility procedure from MBS session to MBS session from RAN3 point of view.
2. Discussion
2.1 Overall procedure for handover from MBS session to MBS session
According to TS38.300, the mobility procedure for unicast session is illustrated in the following figure:
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Figure 1: Handover for unicast service
With regard to MBS mobility procedure, a straightforward way is to embed the MBS related information into the current handover procedure to support MBS handover. According to RAN3 agreements, the information of the MBS sessions that the UE has joined should be contained in the HANDOVER REQUEST message and the MBS configuration in the target gNB should be provided to the source gNB in the HANDOVER REQUEST ACKNOWLEDGE message and then send to the UE via the source gNB. In the following, the content of the MBS context information will be discussed.
In order for the target gNB to understand which MBS sessions the UE has joined, the MBS context information of a MBS Session in the HANDOVER REQUEST message should at least include TMGI, MBS session ID and MBS QoS flow ID.  Then the MBS configuration provided in the HANDOVER REQUEST ACKNOWLEDGE message should at least contain the target G-RNTIs for the admitted MBS sessions. After receiving the HANDOVER REQUEST ACKNOWLEDGE message, the source gNB forwards the MBS configuration (e.g. the target G-RNTI, etc.) to the UE via the handover command (the RRCReconfiguration message). In this case, the UE can continue receiving the MBS service after handover to the target gNB.
Based on the above analysis, the general procedure of MBS session to MBS session handover is shown as below (Xn based handover as an example):
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Figure 2: Xn based Handover of MBS session to MBS session
Proposal 1: the MBS context information of a MBS Session in the XnAP: HANDOVER REQUEST message should at least include TMGI, MBS session ID and the List of MBS QoS flows.

Proposal 2: the MBS configuration in the XnAP: HANDOVER REQUEST ACKNOWLEDGE message should at least contain the target G-RNTIs for the admitted MBS sessions.

In above procedure, it is assumed that the MBS session in the target has already been established before handover. However, if the MBS session in the target hasn’t been established before handover, the MBS session has to be established for the first UE. One way to considered is to trigger the shared NG-U establishment via path switch request during handover. But this will lead to extra latency for the establishment and extra processing logic in AMF as it has to notify the MB-SMF about the establishment based on the path switch request. Therefore we propose to reuse the Multicast distribution setup procedure to trigger the shared NG-U establishment during handover [1].
Proposal 3: reuse the Multicast distribution setup procedure to trigger the shared NG-U establishment during handover if it hasn’t been established in the target.

2.2 Data forwarding between MBS supporting nodes
In [1], how to achieve the DL PDCP SN synchronization is discussed. With the assumption of PDCP SN synchronization, in the following, we will discuss how to support data forwarding during the handover between MBS supporting nodes.
· Scenario 1: The Source gNB has a faster progress than the Target gNB  
For this scenario, the UE has received a faster progress of the MBS from the source gNB. I.e., the SN of the latest packet delivered by the source gNB is larger than the ones which are being delivered by the target gNB for now. Therefore, actually no data forwarding is needed as UE will not miss any packet during handover. After handover, the UE will discard the duplicated packets with the same SN received from source and target gNBs. 

In this scenario, to avoid data forwarding, the source gNB has to tell the target gNB about the MBS progress in the source cell, and then the target gNB may decide to not provide data forwarding tunnel information accordingly. 

Observation 1: If the Source eNB has a faster progress than the target gNB, to avoid data forwarding, it is needed to send the MBS progress of the source gNBs to the target gNB.

· Scenario 2: The Target gNB has a faster progress than the Source gNB
In this scenario, the PDCP SN of the latest packet delivered by the source gNB is smaller than the ones that are being delivered by the target gNB for now. I.e., there is a progress gap between the source gNB and the target gNB. In this case, the target gNB has to provide the packets of the progress gap to the UE, e.g. via P2P leg, and how can the target gNB get these packets? There are two alternatives:

Alternative 1: the target gNB maintains a big buffer, which is large enough to store all the data for all the MBS sessions.

Alternative 2: data forwarding from source gNB to the target gNB.

Considering that there are different neighbour gNBs around, and different load status in different cell, will lead to different progress for a MBS session in different gNB, especially considering that there could be big number of MBS sessions are ongoing in the same cell, the alternative 1 is not efficient and highly depends on implementation.

For alternative 2, using data forwarding to fill in the progress gap between the source gNB and the target gNB, the source gNB should know when to stop the data forwarding according to the progress gap, thus the target gNB needs to tell the source gNB about the MBS progress in the target, and then the source gNB wil be able to determine which packets needs to be forwarded.

Observation 2: if the Target gNB has a faster progress than the Source gNB, the progress gap can be filled in by buffering data at target gNB side, or data forwarding from source gNB to the target gNB.

Observation 3: If the Target gNB has a faster progress than the Source gNB, to support data forwarding, it is needed to send the MBS progress of the target gNB to the source gNB.

· Scenario 3: The Target gNB has just started to provide the MBS sessions during/after the HO of this UE

In this scenario, this UE will be the first UE to receive these MBS sessions in the target gNB, therefore once the 5GC receives the Multicast Distribution Setup, the 5GC will start to provide the data of these MBS Session to this target gNB. There will be a progress gap from the source gNB and target gNB by default, which is similar to Scenario 2.

But there is a main difference with scenario 2 that the alternative 1 for scenario 2 does not work, as the target gNB is not able to buffer the data in advance, the only way to provide the packets of the progress gap is data forwarding from source gNB to target gNB.

Observation 4: If the Target gNB has just started to provide the MBS sessions during/after the HO of this UE, data forwarding is the only way to fill in the progress gap.
To summarize, in order to minimize data loss during mobility between MBS supporting nodes, it is proposed to specify the following aspects:

· Support data forwarding from source gNB to target gNB (for scenario 2 and scenario 3), which was the majority opinion in [3]

· Exchange MBS progress between source gNB and target gNB (for scenario 1, 2 and 3)

Note that it is also allowed for a gNB to buffer MBS data to avoid data forwarding, it is up to gNB implementation, and it can only be used in case of scenario 2.

On exchanging the MBS progress between source gNB and target gNB, the following issues need to be considered:

· How to provide Source gNB progress to Target gNB:

This could be achieved by adding the MBS progress information of the source gNB in the XnAP: HANDOVER REQUEST and NGAP: HANDOVR REQUIRED and HANDOVER REQUEST messages, or introducing new procedures over XnAP and NGAP. According to [3], the majority agrees to include the source gNB progress in the HO Request message.

· How to provide Target gNB progress to Source gNB:

This could be achieved by adding the MBS progress information of the target gNB in the XnAP: HANDOVER REQUEST ACKNOWLEDGE and NGAP: HANDOVR RERQUEST ACKNOWLEDGE and HANDOVER COMMAND messages, or introducing new procedures over XnAP and NGAP. According to [3], the majority agrees with option A, i.e., the target gNB tells the source gNB about the target progress. As far as we can see, reusing the existing messages over XnAP and NGAP is simple and there is no need for new messages. 

Proposal 4: Support data forwarding from source gNB to target gNB.

Proposal 5: exchanging MBS progress between source gNB and target gNB by existing Handover procedures over XnAP and NGAP.
3. Conclusion

In this contribution, we discussed the procedure of handover from MBS session to MBS session, and the following proposals are provided:

Proposal 1: the MBS context information of a MBS Session in the XnAP: HANDOVER REQUEST message should at least include TMGI, MBS session ID and the List of MBS QoS flows.

Proposal 2: the MBS configuration in the XnAP: HANDOVER REQUEST ACKNOWLEDGE message should at least contain the target G-RNTIs for the admitted MBS sessions.

Proposal 3: reuse the Multicast distribution setup procedure to trigger the shared NG-U establishment during handover if it hasn’t been established in the target.
Proposal 4: Support data forwarding from source gNB to target gNB.

Proposal 5: Support exchanging MBS progress between source gNB and target gNB by reusing the existing procedures over XnAP and NGAP.
The corresponding TP to TS 38.300 BL CR is provided in section 5.
4. Reference

[1]. R3-213987 (TP to TS38.300 BL CR) Consideration on DL PDCP Synchronization 
[2]. R3-213555 Multicast Session Management
[3]. R3-213578 (TP to TS 38.401 BL CR) Bearer management over F1 and E1

5. TP to TS 38.300 BL CR
16.x.5
Mobility

Editor’s Note: Mobility aspects to be covered here.

16.x.5.1
General

Mobility principles builds on existing functionality including functions described in section 9.2. 
16.x.5.2
Multicast Mobility from MBS supporting cell to MBS supporting cell

During handover preparation phase, the source NG-RAN node transfers to the target NG-RAN node in the UE context information about the MBS sessions the UE has joined, and the MBS progress information is exchanged between source NG-RAN node and target NG-RAN node. Data forwarding may take place based on the exchanged MBS progress. For each Multicast session with ongoing user data transmission for which no MBS Session Resources exist at the target NG-RAN node, the target NG-RAN node triggers the setup of MBS user plane resources towards the 5GC. Which procedures to use is FFS.     

During handover execution, the MBS configuration decided at target NG-RAN node is sent to the UE via the source NG-RAN node within an RRC container (FFS) as specified in TS 38.331 [12].  
16.x.5.2.a Xn based handover between MBS supporting nodes

The signalling flow of Xn based handover between MBS supporting nodes is shown in Figure 16.x.5.a-1.
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Figure 16.x.5.a-1: Xn based mobility between MBS supporting nodes

In the Xn handover procedure, the source gNB provides MBS context to the target gNB, and then the target gNB includes the MBS configuration in the RRC container and sends it to the source gNB. In case the mutlicast distribution from CN to the target gNB needs to be setup, the target gNB triggers the Multicast Distribution Setup procedure, to setup the NG-U transmission resource. In case there is no UE interested in an MBS session in the source gNB, the Multicast Distribution Release procedure will be triggerred to release the corresponding NG-U transmission resource.
16.x.5.2.b NG based handover between MBS supporting nodes


[image: image4.wmf]U

E

S

o

u

r

c

e

 

g

N

B

T

a

r

g

e

t

 

g

N

B

A

M

F

H

a

n

d

o

v

e

r

 

p

r

e

p

a

r

a

t

i

o

n

 

t

r

i

g

g

e

r

e

d

H

A

N

D

O

V

E

R

 

R

E

Q

U

I

R

E

D

H

A

N

D

O

V

E

R

 

R

E

Q

U

E

S

T

(

M

B

S

 

i

n

f

o

r

m

a

t

i

o

n

)

H

A

N

D

O

V

E

R

 

R

E

Q

U

E

S

T

 

A

C

K

N

O

W

L

E

D

G

E

(

M

B

S

 

C

o

n

f

i

g

u

r

a

t

i

o

n

)

M

U

L

T

I

C

A

S

T

 

D

I

S

T

R

I

B

U

T

I

O

N

 

S

E

T

U

P

 

R

E

Q

U

E

S

T

M

U

L

T

I

C

A

S

T

 

D

I

S

T

R

I

B

U

T

I

O

N

 

S

E

T

U

P

 

R

E

S

P

O

N

S

E

i

f

 

m

u

l

t

i

c

a

s

t

 

d

i

s

t

r

i

b

u

t

i

o

n

 

f

r

o

m

 

C

N

 

t

o

 

t

a

r

g

e

t

 

g

N

B

 

n

e

e

d

s

 

t

o

 

b

e

 

s

e

t

u

p

H

A

N

D

O

V

E

R

 

C

O

M

M

A

N

D

(

M

B

S

 

C

o

n

f

i

g

u

r

a

t

i

o

n

)

H

a

n

d

o

v

e

r

 

E

x

e

c

u

t

i

o

n

H

A

N

D

O

V

E

R

 

N

O

T

I

F

Y

U

E

 

C

O

N

T

E

X

T

 

R

E

L

E

A

S

E

 

C

O

M

M

A

N

D

U

E

 

C

O

N

T

E

X

T

 

R

E

L

E

A

S

E

 

C

O

M

P

L

E

T

E

M

U

L

T

I

C

A

S

T

 

D

I

S

T

R

I

B

U

T

I

O

N

 

R

E

L

E

A

S

E

i

f

 

m

u

l

t

i

c

a

s

t

 

d

i

s

t

r

i

b

u

t

i

o

n

 

f

r

o

m

 

C

N

 

t

o

 

s

o

u

r

c

e

 

g

N

B

 

n

e

e

d

s

 

t

o

 

b

e

 

r

e

l

e

a

s

e

d


Figure 16.3.4.5-2: NG based mobility between MBS supporting nodes

In the NG based handover procedure, the source gNB provides MBS context to the target gNB via AMF, and then the target gNB includes the MBS configuration in the RRC container and sends it to the source gNB via AMF. In case the mutlicast distribution from CN to the target gNB needs to be setup, the target gNB triggers the Multicast Distribution Setup procedure, to setup the NG-U transmission resource. In case there is no UE interested in an MBS session in the source gNB, the Multicast Distribution Release procedure will be triggerred to release the corresponding NG-U transmission resource.
16.x.5.3
Multicast Mobility from/to MBS supporting cell to/from MBS non-supporting cell

During an active multicast MBS session, at mobility from an MBS-supporting NG-RAN node to a non-MBS supporting NG-RAN node, the target NG-RAN node sets up PDU Session resources associated to the multicast MBS Session. The SMF infers from the absence of an ‘MBS-support“ indication in the Path Switch Request message (Xn handover) or Handover Request Acknowledge message (NG handover) that the 5GC has to switch to 5GC individual MBS traffic delivery for that UE as specified in TS 23.247 [x]. 

If data forwarding is applied the source NG-RAN node changes the QFI(s) to the associated unicast QFI(s) if respective mapping information is contained in the MBS related information of the associated PDU Session resource.
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