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1. Introduction
In RAN2 previous meetings, following agreements have been made in LTE/NR tight inter-working.
[bookmark: _GoBack]RAN2_AH2 Qingdao
Agreements
1: 	To support delta signalling at MN initiated SN change, MN must have the current SCG configuration in the SN in order to support the MN-initiated SN change. 
FFS: Signalling to support this.
RAN2_99 Berlin
Agreements
1:	For EN-DC, it is not necessary to support inter-RAT SN change procedure with single RRC reconfiguration (i.e. no transition from EN-DC to LTE DC) in Rel-15
2:	For EN-DC, it is not necessary to support inter-RAT MN change procedure while keeping the SN (i.e. no transition from EN-DC to NR-NR DC) in Rel-15
3: 	We will not add measurement events that are targeted to these scenarios.
In RAN3 #97 meeting, RAN3 discussed the scenario of inter-MN handover with SN change, and achieved the consensus that “From RAN3 point of view, this scenario is supported with current specification text; there is no need to capture it in St2”. But actually, this procedure is not supported in the current version of 37.340. 
Since the necessity of whether to support inter-MN handover with SN change is discussed in the ongoing email discussion in RAN2, in this contribution, we share our views on the signaling procedure and analysis the stage2 impact if support this scenario. 
2. Support of inter-MN handover with SN change
In the current TS37.340, the following two procedures are supported upon inter-MN handover:
· Inter-MN handover without SN change; 
· MN to eNB/gNB change;
In EN-DC, for MeNB to gNB change, this can be triggered by inter-RAT measurement report configured by the MeNB, considering RAN2 has agreed “For EN-DC, it is not necessary to support inter-RAT MN change procedure while keeping the SN (i.e. no transition from EN-DC to NR-NR DC) in Rel-15”, if RAN2 agree to support inter-MN handover with SN change, it is naturally only to support this procedure upon intra-RAT inter-MN handover. Meanwhile, since RAN2 has agreed not to support inter-RAT SN change within single RRC configuration, So we propose. 
 Proposal 1	Inter-MN handover with SN change can only be supported upon intra-RAT inter-MN handover with intra-RAT SN change. 
Take “inter-MN handover without SN change” procedure described in 37.340 as example, the signaling flow of “inter-MN handover with SN change” is illustrated in Figure 1.


Figure 1 Signaling flow of inter-MN handover with SN change
Based on the above signaling flow, we can find out the only difference between “without SN change” and “with SN change” is that, SN Addition Request/Ack and SN Reconfiguration Complete messages are delivered between the target MeNB and the target SgNB instead of the source SgNB, and no other messages are needed to facilitate it. On the other hand, when the target SgNB receives the Handover Request message, it is reasonable that target SgNB can decide whether to keep/change/delete the source SgNB during handover procedure, furthermore, handover command transferred from the source MeNB to UE is generated by the target MeNB, for “change/delete source SgNB”, since the old SgNB will be deleted at last, so the specific operation can be transparent to the source MeNB(i.e. there is no explicit indication be sent from target MeNB to source MeNB to indicate the keep of SN). 
Proposal 2	In MR-DC, during inter-MN handover, the target MN can decide whether to keep/delete/change the source SN, and SN delete/change can be transparent to the source MN.
3.  Discussion on lossless handover and data forwarding
As we discussed in section 2, to support inter-MN handover with SN change will not introduce too much impact on the current signaling flow, if RAN2 agreed to support this scenario, the next question is whether to support lossless handover in this scenario, in our view, the target MN decides whether to keep/change the old SN, and for SN change during inter-MN handover, the main purpose is to avoid UE throughput decrease, so we need to support lossless handover to ensure performance gain. Moreover, to reduce complexity, we suggest to only support the lossless handover without QoS flow to DRB remapping. 
Proposal 3 	Lossless handover should be supported in inter-MN handover with SN change, without QoS flow to DRB remapping and with MN/SN delta configuration.
For MN delta configuration, it can be supported by usual inter-MN handover mechanism (i.e. source MN can send MN configuration to target MN via X2/Xn Handover Request message). For SN delta configuration, in RAN2_AH2 Qingdao meeting, RAN2 has agreed to support delta configuration at MN initiated SN change, although the final solution of how MN can get the up to date SCG configuration is under discussion in RAN3, at least in SgNB/SN Addition Request message, the MN is able to include the SCG configuration of source SN to assist target SN delta configuration. In our opinion, the similar mechanism can be reused in inter-MN handover with SN change scenario to achieve SN delta configuration. And transmit source SCG configuration from source MN to target MN during Handover Request will not cause much effort. So we suggest that:
Proposal 4 	Similar SN delta configuration mechanism in “MN initiated SN change” can be reused in “inter-MN handover with SN change” scenario (i.e. source MN sends the obtained current SCG configuration to target MN via Handover Request message, and target MN sends the SCG configuration to target SN via SN/SgNB Addition Request message).
Regarding data forwarding, especially for SCG bearer and SCG split bearer, because the target MN may be unaware of the X2/Xn interface status between source MN and target SN, and the source MN may be unaware of the X2/Xn interface status between source SN and target MN as well, so only indirect data forwarding (i.e. source SN-> source MN-> target MN-> target SN) is possible for SCG bearer and SCG split bearer.
Proposal 5	In inter-MN handover with SN change procedure, only indirect data forwarding is supported for SCG bearer and SCG split bearer.
4. Conclusion and proposals
RAN2 is kindly asked to discuss and adopt the following proposals:
Proposal 1	Inter-MN handover with SN change can only be supported upon intra-RAT inter-MN handover with intra-RAT SN change. 
Proposal 2	In MR-DC, during inter-MN handover, the target MN can decide whether to keep/delete/change the source SN, and SN delete/change can be transparent to the source MN.
Proposal 3 	Lossless handover should be supported in inter-MN handover with SN change, without QoS flow to DRB remapping and with MN/SN delta configuration.
Proposal 4 	Similar SN delta configuration mechanism in “MN initiated SN change” can be reused in “inter-MN handover with SN change” scenario (i.e. source MN sends the obtained current SCG configuration to target MN via Handover Request message, and target MN sends the SCG configuration to target SN via SN/SgNB Addition Request message).
Proposal 5	In inter-MN handover with SN change procedure, only indirect data forwarding is supported for SCG bearer and SCG split bearer.
The corresponding text proposal for TS 37.340 is provided in the Annex.


Annex (TP for TS37.340)
*** NEXT CHANGE ***
10.7	Inter-Master Node handover with/without Secondary Node change
10.7.1	EN-DC
Editor’s note: Details of RRC signalling are FFS and pending RAN2 agreement.
Inter-Master Node handover with/without Secondary Node change is used to transfer context data from a source MN to a target MN while the context at the SN is kept/moved to another SN.
NOTE:	Inter-RAT Inter-Master node handover with/without SN change is not supported in this version of the protocol (i.e. no transition from EN-DC to NR-NR DC).


Figure 10.7.1-1: Inter-MN handover without SN change
Figure 10.7.1-1 shows an example signaling flow for inter-Master Node handover without Secondary Node change:
NOTE:	For an inter-Master Node handover with Secondary Node change, the messages at steps 2, 3 and 10 are sent between the target MN and target SN, the random access procedure at step 9 happens between the UE and the target SN, while the SgNB Release Request at step 5 is sent from the source MN to the source SN.
1.	The source MN starts the handover procedure by initiating the X2 Handover Preparation procedure. The source MN includes the (source) SN UE X2AP ID, and SN ID andas a reference to the UE context in the (source) SN that was established by the source MN in the Handover Request message.
Editor’s note: FFS whether the source MeNB includes the SCG configuration in the HandoverPreparationInformation.
2.	If the target MN decides to keep the SN, the target MN sends SN Addition Request to the SN including the SN UE X2AP ID as a reference to the UE context in the SN that was established by the source MN. If the target MN decides to change the SN, the target MN sends the SgNB Addition Request to the target SN including the UE context in the source SN that was established by the source MN.
3.	The (target) SN replies with SN Addition Request Acknowledge.
4.	The target MN includes within the Handover Request Acknowledge message a transparent container to be sent to the UE as an RRC message to perform the handover, and may also provide forwarding addresses to the source MN. The target MN indicates to the source MN that the UE context in the SN is kept if the target MN and the SN decided to keep the UE context in the SN in step 2 and step 3.
5.	The source MN sends SN Release Request to the (source) SN. The source MN indicates to the (source) SN that the UE context in SN is kept if it receives the indication from the target MN. If the indication as the UE context kept in SN is included, the SN keeps the UE context.
6.	The source MN triggers the UE to apply the new configuration.
7/8.	The UE synchronizes to the target MN and replies with RRCConnectionReconfigurationComplete message.
9.	The UE synchronizes to the (target) SN.
10.	If the RRC connection reconfiguration procedure was successful, the target MN informs the (target) SN via SgNB Reconfiguration Complete message.
11/12.	Data forwarding from the source MN takes place. If the SN is kept, dData forwarding may be omitted for SCG bearers and SCG split bearers. Direct data forwarding from the source MN to the SN is not possible for split bearers. If the SN is changed, only indirect data forwarding is possible for SCG bearer and SCG split bearer.
NOTE:	Direct data forwarding may occur only for bearer type change.
13-16.	The target MN initiates the S1 Path Switch procedure.
NOTE:	If new UL TEIDs of the S-GW are included, the target MN performs MN initiated SN Modification procedure to provide them to the SN.
17.	The target MN initiates the UE Context Release procedure towards the source MN.
18.	Upon reception of the UE Context Release message, the (source) SN can release C-plane related resource associated to the UE context towards the source MN. Any ongoing data forwarding may continue. The SN shall not release the UE context associated with the target MN if the indication was included in the SN Release Request in step 5.
10.7.2	MR-DC with 5GC
Editor’s note: details of the RRC signalling are FFS and pending RAN2 agreement. Details of the Xn procedures are FFS and pending RAN3 agreement.
Inter-MN handover with/without SN change is used to transfer UE context data from a source MN to a target MN while the UE context at the SN is kept/moved to another SN. 
[image: ]
Figure 10.7.2-1: Inter-MN handover without SN change procedure
Editor’s note: The figure above might need revision, e.g. align to the actual Xn and RRC message and IE names.
Figure 10.7.2-1 shows an example signaling flow for inter-MN handover without SN change:
NOTE:	For an inter-Master Node handover with Secondary Node change, the messages at steps 2, 3 and 10 are sent between the target MN and target SN, the random access procedure at step 9 happens between the UE and the target SN, while the SN Release Request at step 5 is sent from the source MN to the source SN.
1.	The source MN starts the handover procedure by initiating the Xn Handover Preparation procedure. The source MN includes the source SN UE XnAP ID, and SN ID andas a reference to the UE context in the source SN that was established by the source MN in the Handover Request message.
Editor’s note: FFS whether the source MN includes the SCG configuration in the HandoverPreparationInformation.
2.	If the target MN decides to keep the source SN, the target MN sends SN Addition Request to the SN including the SN UE XnAP ID as a reference to the UE context in the SN that was established by the source MN. If the target MN decides to change the SN, the target MN sends the SN Addition Request to the target SN including the UE context in the source SN that was established by the source MN.
3.	The (target) SN replies with SN Addition Request Acknowledge.
4.	The target MN includes within the Handover Request Acknowledge message a transparent container to be sent to the UE as an RRC message to perform the handover, and may also provide forwarding addresses to the source MN. The target MN indicates to the source MN that the UE context in the SN is kept if the target MN and the SN decided to keep the UE context in the SN in step 2 and step 3.
5.	The source MN sends SN Release Request message to the (source) SN. The source MN indicates to the (source) SN that the UE context in SN is kept if it receives the indication from the target MN. If the indication as the UE context kept in SN is included, the SN keeps the UE context..
6.	The source MN triggers the UE to perform handover and apply the new configuration.
7/8.	The UE synchronizes to the target MN and replies with MN RRC reconfiguration complete message.
9.	The UE synchronizes to the (target) SN.
10.	If the RRC connection reconfiguration procedure was successful, the target MN informs the (target) SN via SN Reconfiguration Complete message.
11/12.	Data forwarding from the source MN takes place. If the SN is kept, dData forwarding may be omitted for SCG bearers and SCG split bearers. Direct data forwarding from the source MN to the SN is not possible for MCG split bearers. If the SN is changed, only indirect data forwarding is possible for SCG bearer and SCG split bearer.
NOTE:	Direct data forwarding may occur only for bearer type change.
13-16.	The target MN initiates the PDU Session Path Switch procedure.
NOTE:	If new UL TEIDs of the UPF for SN are included, the target MN performs MN initiated SN Modification procedure to provide them to the SN.
Editor’s note: The exact procedure of Path Switch for PDU sessions and whether UL TEIDs are included is FFS.
17.	The target MN initiates the UE Context Release procedure towards the source MN.
18.	Upon reception of the UE Context Release message from source MN, the (source) SN can release C-plane related resource associated to the UE context towards the source MN. Any ongoing data forwarding may continue. The SN shall not release the UE context associated with the target MN if the indication was included in the SN Release Request message in step 5.
*** NEXT CHANGE ***
10.8	Master Node to eNB/gNB Change
10.8.1	EN-DC
Editor’s note: Details of RRC signalling are FFS and pending RAN2 agreement.
The Master Node to eNB Change procedure is used to transfer context data from a source MN/SN to a target eNB.
... 
2.	The target eNB includes the field in HO command which releases SCG configuration, and may also provide forwarding addresses to the source MN. The addition of an SN can be initiated only after completing HO.




oleObject1.bin
UE


source MeNB



image2.emf
UE

source 

MN

SN S-GW MME

target 

MN

1. Handover Request

4. Handover Request Acknowledge

6. RRCConnectionReconfiguration

8. RRCConnectionReconfigurationComplete

17. UE Context Release

13. Path Switch Request

16. Path Swtich Request Acknowledge

14. Bearer Modification

7.Random Access Procedure

11. SNStatus Transfer

18. UE Context Release

2. SgNB AdditionRequest

3. SgNB AdditionRequest Ack

15. New Path(split/MCG bearer)

12. Data Forwarding

9. RandomAccess Procedure

10. SgNB Reconfiguration Complete

5. SgNB Release Request


oleObject2.bin
UE


source MN


SN


S-GW


MME


13. Path Switch Request


16. Path Swtich Request Acknowledge


14. Bearer Modification


2. SgNB Addition Request


3. SgNB Addition Request Ack


15. New Path (split/MCG bearer)


12. Data Forwarding


9. Random Access Procedure


target MN


1. Handover Request


4. Handover Request Acknowledge


6. RRCConnectionReconfiguration


8. RRCConnectionReconfigurationComplete


17. UE Context Release


7. Random Access Procedure


11. SN Status Transfer


18. UE Context Release


10. SgNB Reconfiguration Complete 


5. SgNB Release Request



image3.emf
UE S-MN SN UPF AMF T-MN

1. Handover Request

4. Handover Request Acknowledge

6. RRCConnectionReconfiguration

8. RRCConnectionReconfigurationComplete

17. UE Context Release

13. PDU Session Path Switch Request

16. PDU Session Path Swtich Request Acknowledge

14. Bearer Modification

7. Random Access Procedure

11. SNStatus Transfer

18. UE Context Release

2. SN Addition Request

3. SN Addition Request Ack

15. New Path (split/MCG bearer)

12. Data Forwarding

9. Random Access Procedure

10. SN Reconfiguration Complete

5. SN Release Request


image1.emf
UE

source 

MeNB

source

SgNB

S-GW MME

target 

MeNB

1. Handover Request

4. Handover Request Acknowledge

6. RRCConnectionReconfiguration

8. RRCConnectionReconfigurationComplete

17. UE Context Release

13. Path Switch Request

16. Path Swtich Request Acknowledge

14. Bearer Modification

7.Random Access Procedure

11. SNStatus Transfer

18. UE Context Release

2. SgNB AdditionRequest

3. SgNB AdditionRequest Ack

15. New Path(split/MCG bearer)

12. Data Forwarding

9. RandomAccess Procedure

10. SgNB Reconfiguration Complete

5. SgNB Release Request

target 

SgNB

15'. New Path(SCG bearer)


