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1
Introduction
Currently the path switch request is described as solid line, which implies the  message is required every time. However, without SN change and without MN terminated bearer, this message seems to be not required. On the other hand, without path switch request, MME cannot know which eNB the UE is connected to.
 This contribution discusses the necessity on path switch request for inter MN HO without SN change and propose possible clarification/solution.
2
Discussion
In TS37.340[1], inter MN HO without SN change is described as follows (accompany with “with SN change” case). Note that only EN-DC part is quoted but MR-DC with 5GC is similar.
---------------------------Start of quotation form [1]-------------------------
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Figure 10.7.1-1: Inter-MN handover with/without MN initiated SN change

---------------------------Omitted-------------------------

14-17.
The target MN initiates the S1 Path Switch procedure.

NOTE 5:
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.

---------------------------End of quotation from [1]-------------------------
In the figure, the Path Switch Request is illustrated with solid line. And, there is no description on exception case. So, the Path Switch Request is assumed to be sent every time on this procedure.
Observation 1: TS37.340 describes that path switch request should be transferred every time on this procedure.
The purpose of the path switch request is described in [2].
---------------------------Start of quotation form [2]-------------------------

8.4.4
Path Switch Request

8.4.4.1
General

The purpose of the Path Switch Request procedure is to request the switch of a downlink GTP tunnel towards a new GTP tunnel endpoint.

---------------------------End of quotation from [2]-------------------------
So, the purpose of this procedure seems to be just the switch of a downlink GTP tunnel if new GTP tunnel endpoint is required.

Observation 2: The purpose of Path Switch Request is just to indicate new downlink GTP tunnel endpoint if necessary in TS36.413.
Thus, considering inter MN HO without SN change and without MN terminated bearer, the downlink GTP tunnel endpoint is still same SN. So, the Path Switch Request seems not to be required.
Observation 3: On inter MN HO without SN change and without MN terminated bearer, the Path Switch Request seems not to be required as same SN continues to terminate GTP tunnel.
However, without this message, CN(i.e. MME or AMF) cannot know which (target)MN the UE is connected to currently as there is no other indication to CN 

(If TA is different between source MN and Target MN, CN can know it by TAU procedure. But, if not, there would be no way to indicate it. )

If CN doesn’t know which eNB the UE is connected to currently, CN cannot trigger some procedure (e.g. UE Context Release Command)

Observation 4: Without the Path Switch Request, CN cannot trigger some procedure (e.g. UE Context Release Command) as CN cannot know which MN the UE is connected to currently.
Then, some people may think it would be enough to send Path Switch request including bearers except for SN terminated bearer as still same SN is used. However, in [2], there is following description.

---------------------------Start of quotation form [2]-------------------------

If the ‎E-RAB To Be Switched in Downlink List IE in the PATH SWITCH REQUEST message does not include all E-RABs previously included in the UE Context, the MME shall consider the non included E-RABs as implicitly released by the eNB.

---------------------------End of quotation from [2]-------------------------
So, when sending path switch request, all MN terminated and SN terminated bearers needs to be included.

Observation 5: On EN-DC, Path Switch Request needs to be transferred containing all MN terminated bearers and SN terminated bearers even if without SN change and without MN terminated bearers.
(Note that E-RABs Switched in Downlink Item IEs is mandatory. So, it also indicates that  MN cannot send Path Switch Request without  E-RABs Switched in Downlink Item IEs even if only SN terminated bearers are configured.)
As mentioned earlier, in some case, some people may misunderstand that Path Switch Request is not required. Thus, following proposal is obtained.

Proposal 1:On EN-DC,  RAN3 to clarify that the Path Switch Request containing all MN terminated and SN terminated bearer is required every time when performing inter-MN HO with/without SN change.
On NG-RAN, the situation is slightly different. In current TS38.413 [3], there is no such description where CN shall consider not indicated PDU sessions are implicitly released. On the other hand, PDU Session Resource to be Switched in Downlink List IE is mandatory. So, there would be several options.
Option 1) Include all MN terminated bearer and SN terminated bearer in the Path Switch Request

It Inherits the S1 concept. And, there would be no ANS.1 impact as it is just clarification.

Option 2) Include only MN terminated bearer in the Path Switch Request.

It would be non-backward compatible change considering the case where no MN terminated bearer exists; the mandatory IE (i.e. PDU Session Resource to be Switched in Downlink List IE) comes to be optional. But, with the change, unnecessary indication can be avoided.
Thus, following proposal is obtained.
Proposal 2:On MR-DC with 5GC,  RAN3 to choose one option below on the Path Switch Request when performing inter-MN HO with/without SN change.
Option 1) Include all MN terminated bearer and SN terminated bearer in the Path Switch Request

Option 2) Include only MN terminated bearer in the Path Switch Request.

3
Conclusion
This contribution discusses the necessity on path switch request for inter MN HO without SN change and propose possible clarification/solution.
Following observations and proposals are obtained.

Observation 1: TS37.340 describes that path switch request should be transferred every time on this procedure.
Observation 2: The purpose of Path Switch Request is just to indicate new downlink GTP tunnel endpoint if necessary in TS36.413.
Observation 3: On inter MN HO without SN change and without MN terminated bearer, the Path Switch Request seems not to be required as same SN continues to terminate GTP tunnel.
Observation 4: Without the Path Switch Request, CN cannot trigger some procedure (e.g. UE Context Release Command) as CN cannot know which MN the UE is connected to currently.
Observation 5: On EN-DC, Path Switch Request needs to be transferred containing all MN terminated bearers and SN terminated bearers even if without SN change and without MN terminated bearers.
Proposal 1:On EN-DC,  RAN3 to clarify that the Path Switch Request containing all MN terminated and SN terminated bearer is required every time when performing inter-MN HO with/without SN change.
Proposal 2:On MR-DC with 5GC,  RAN3 to clarify path switch is required every time and choose one option below on the Path Switch Request when performing inter-MN HO with/without SN change.
Option 1) Include all MN terminated bearer and SN terminated bearer in the Path Switch Request

Option 2) Include only MN terminated bearer in the Path Switch Request.

The corrensponding TP against TS37.340 is available in  annex.
(Note that options for NG-RAN is not mentioned in the TP.)
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TP against TS37.340
-------------------------unchanged sections are omitted-------------------

10.7
Inter-Master Node handover with/without Secondary Node change
10.7.1
EN-DC

Inter-Master Node handover with/without MN initiated 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 or moved to another SN. During an Inter-Master Node handover, the target MN decides whether to keep or change the SN (or release the SN, as described in section 10.8).

NOTE 1:
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).
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Figure 10.7.1-1: Inter-MN handover with/without MN initiated SN change

Figure 10.7.1-1 shows an example signaling flow for inter-Master Node handover with or without MN initiated Secondary Node change:

NOTE 2:
For an inter-Master Node handover without Secondary Node change, the source SN and the target SN shown in Figure 10.7.1-1 are the same node.
1.
The source MN starts the handover procedure by initiating the X2 Handover Preparation procedure including both MCG and SCG configuration. The source MN includes the (source) SN UE X2AP ID, SN ID and the UE context in the (source) SN in the Handover Request message.

NOTE 3:
The source MN may send the SgNB Modification Request message (to the source SN) to request the current SCG configuration before step 1.
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. The (target) SN may include the indication of the full or delta RRC configuration.

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 including a Cause indicating MCG mobility. The (source) SN acknowledges the release request. 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.
If configured with bearers requiring SCG radio resources, 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.
11a.
The SN sends the Secondary RAT Data Volume Report message to the source MN and includes the data volumes delivered to the UE over the NR radio for the related E-RABs.

NOTE 4:
The order the source SN sends the Secondary RAT Data Volume Report message and performs data forwarding with MN/target SN is not defined. The SgNB may send the report when the transmission of the related bearer is stopped.

11b.
The source MN sends the Secondary RAT Report message to MME to provide information on the used NR resource.

12.
For bearers using RLC AM, the source MN sends the SN Status transfer to the target MN.

13.
Data forwarding from the source MN takes place. If the SN is kept, data forwarding may be omitted for SCG bearers and SCG split bearers.

14-17.
The target MN initiates the S1 Path Switch procedure.

NOTE 5:
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.
NOTE 6:
Path Switch Request is used for indicating not only new DL TEID(s) but also the target MN.
NOTE 7:
Nevertheless new DL TEID(s) are required or not, Path Switch Request  needs to include all MN terminated bearers and all SN terminated bearers for avoiding MME regards as released.
18.
The target MN initiates the UE Context Release procedure towards the source MN.

19.
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: MR-DC with the 5GC is not complete and is targeted for completion in December 2018.

Inter-MN handover with/without MN initiated 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 or moved to another SN. During an Inter-Master Node handover, the target MN decides whether to keep or change the SN (or release the SN, as described in section 10.8).
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Figure 10.7.2-1: Inter-MN handover with/without MN initiated SN change procedure

Figure 10.7.2-1 shows an example signalling flow for inter-MN handover with or without MN initiated SN change:

NOTE 1:
For an inter-Master Node handover without Secondary Node change, the source SN and the target SN shown in Figure 10.7.2-1 are the same node.

1.
The source MN starts the handover procedure by initiating the Xn Handover Preparation procedure including both MCG and SCG configuration. The source MN includes the source SN UE XnAP ID, SN ID and the UE context in the source SN in the Handover Request message.

NOTE 2:
The source MN may send the SN Modification Request message (to the source SN) to request the current SCG configuration before step 1.
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. The (target) SN may include the indication of the full or delta RRC configuration.

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 including a Cause indicating MCG mobility. The (source) SN acknowledges the release request. 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.
If configured with bearers requiring SCG radio resources, 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.
For bearers using RLC AM, the source MN sends the SN Status transfer to the target MN.

12.
Data forwarding from the source MN takes place. If the SN is kept, data forwarding may be omitted for SCG bearers and SCG split bearers.

13-16.
The target MN initiates the PDU Session Path Switch procedure.
NOTE 3:
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.
NOTE 4:
Path Switch Request is used for indicating not only new DL TEID(s) but also the target MN.
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.

-------------------------unchanged sections are omitted-------------------

_1574108335.vsd
UE


source MN


(target) SN


S-GW


MME


14. Path Switch Request


17. Path Swtich Request Acknowledge


15. Bearer Modification


2. SgNB Addition Request


3. SgNB Addition Request Ack


16a. New Path (split/MCG bearer)


13. Data Forwarding


9. Random Access Procedure


target MN


1. Handover Request


4. Handover Request Acknowledge


6. RRCConnectionReconfiguration


8. RRCConnectionReconfigurationComplete


18. UE Context Release


7. Random Access Procedure


12. SN Status Transfer


19. UE Context Release


10. SgNB Reconfiguration Complete 


5a. SgNB Release Request


(source)SN


11a. Secondary RAT Data Volume Report


11b. Secondary RAT Report


16b. New Path (split/SCG bearer)



_1574108423.vsd
UE


source MN


(target) SN


UPF


AMF


13. PDU Session Path Switch Request


16. PDU Session Path Swtich Request Acknowledge


14. Bearer Modification


2. SN Addition Request


3. SN 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. SN Reconfiguration Complete 


5a. SN Release Request


(source)SN


15b. New Path (split/SCG bearer)


5b. SN Release Request Acknowledge



