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1.  Introduction
This contribution discusses the inter CN node mobility including the mobility across MMEs, Serving SAE GWs or both. 
2.  Intra LTE, Inter CN node mobility Principles 
In LTE/SAE system the typical way of executing an inter eNodeB handover is to utilize the inter eNodeB X2 interface and, after the execution of the radio handover, update the core network entities MME and UPE/SAEGW triggered by the new eNodeB. To execute this typical handovers following conditions have to be fulfilled:

· The source and target eNodeB must be able to communicate via X2 (context transfer)

· The target eNodeB must be able to communicate with source SAE GW (path switching)

· The target eNodeB must be able to communicate with source MME (MME location update)

If at least one of the conditions can not be fulfilled the typical handover can not be executed. In this case different scenarios could be identified:

· No X2 connectivity between source and target eNodeBs, i.e. context transfer has to go via CN
· No connectivity from target eNodeB to source MME. i.e.  MME needs to be relocated
· No connectivity from target eNodeB to source SAEGW. i.e. SAEGW needs to be relocated
In some cases it would also be beneficial to allow only relocation of  MME or/and SAEGW without a radio handover involving UE, i.e. without changing the eNodeB. This would be useful especially in deployments with overlapping MME/SAEGW pool areas, where the radio handover could be decoupled from the relocation of core network entities.

It would be possible to define an optimized special handover / relocation signalling sequence for each of the above case and for each combination of them. This would result into many different handover & relocation procedures, none of which would be used very frequently. Therefor it is seen beneficial to see whether a single core network node relocation procedure would be sufficient to cover all the possible use cases. 
In order to cover all the use cases, the following requirements for the relocation solution are set:
· No need for X2 between source eNodeB and target eNodeB 
· No need for S1c connectivity between target eNodeB and source MME

· No need for S1u connectivity between target eNodeB and source SAEGW
· The same procedure can handle relocation of MME, SAEGW or both

· The relocation can be executed together with a hard handover (UE involved case) or without changing the current radio resources of the UE (UE not involved case)

In active mode the procedure needs to be triggered by the source eNodeB while in idle mode the procedure is always triggered by reception of NAS signalling at target eNodeB. Therefore two flavors for the inter CN mobility procedure must be designed.

· Source initiated Relocation (source triggered core network node relocation when UE in active mode)

· Target initiated Relocation (target triggered core network node relocation when UE switches from idle to active) 

3 Proposal

It is proposed that following indented text describing the Inter eNodeB handover with CN node relocation is added to the TS 23.401 section 5.5. Handover: 

5.5.x Inter eNodeB handover with CN node relocation

Inter eNodeB handover with CN node relocation procedure may be triggered for following inter eNodeB handover cases: 
· There is no X2 connectivity between source eNodeB and target eNodeB (or it is not desired to be utilized) or
· There is no S1c connectivity between target eNodeB and source MME (or it is not desired to be utilized) or 
· There is no S1u connectivity between target eNodeB and source Serving SAEGW (or it is not desired to be utilized)
To cover all the above scenarios and their combinations, the Inter eNodeB handover with CN node relocation procedure does not rely on:
· signaling on X2 between source eNodeB and target eNodeB,
· signaling on S1c between target eNodeB and source MME nor
· signaling on S1u between target eNodeB and source Serving SAEGW
The inter eNodeB handover with CN node relocation procedure can be used to  relocate MME, Serving SAEGW or both
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XX.1 Source initiated Relocation 
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Figure XX.1-1. Source Initiated Relocation.
Note: figure illustrates the UE involved case where both MME and SAEGW are relocated. If either of those CN nodes is not relocated the corresponding source and target nodes are represented by a single entity. If UE is not involved, then the Source eNodeB and Target eNodeB are represented by a single entity and no handover signaling towards the UE is executed. These different versions of this flow should be added to the TS 23.401.
1. 
Source eNodeB triggers Relocation by sending Relocation Required message to source MME. In In UE involved case, themessage may contain e.g. target Cell identification and eNodeB contexts.

2. 
Source MME sends resolves the target MME from the received target cell ID. Source MME sends MME Relocation Request to target MME. Message may contain e.g. forwarded eNodeB contexts, MME contexts and source SAE GW address.

3.
Target MME sends Relocation Request to target eNodeB. Message includes e.g. the eNodeB context from source eNodeB.

4.
Target MME sends SAEGW Relocation Request to target SAE GW. Target SAE GW is decided by Target MME.

5.
Target SAE GW initiates SAE GW context transfer from old SAE GW.

6. 
Target SAE GW responds to target MME with SAE GW Relocation Response.
7.
Target eNodeB responds to Target MME with Relocation Response. In UE involved case the message contains e.g. the Radio Bearer configuration at target eNodeB for the UE.

8.
Target MME responds the source MME with MME Relocation Response. 

9.
Source MME acknowledges the Relocation to source eNodeB with Relocation response. 

10.
In UE involved casse, source eNodeB issues Handover Command to UE

11. Source eNodeB may initiate data forwarding to target eNodeB. 

12. In UE involved case, UE accesses the target eNodeB

13.
Target eNodeB  executes S1u access bearer path switching towards the target SAE GW

14. Target SAE GW informs the PDN Access SAE GWs about the Serving SAE GW relocation. S5/S8 interface CN bearer are switched towards the target SAE GW by the PDN access SAEGW..

15.
Target eNodeB informs MME about the new active UE within the target eNodeB. Whether MME gets updated directly by eNodeB or via serving SAEGW is FFS.
16.
Target MME updates MME information to the HSS.

17.
Target MME informs that MME Relocation is complete to Source MME

18. Source MME releases the state from the source SAE GW

19. Source SAE GW releases the Access Bearer towards the source eNodeB

 XX.2 Target Initiated Relocation (Idle to Active switch)
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Figure XX.2-1. Target Initiated Relocation (Idle to Active switch).

Note: figure illustrates the case where both MME and SAEGW are relocated. If either of those CN nodes is not relocated the corresponding source and target nodes are represented by a single entity. 

1. 
UE sends NAS signalling to (new) eNodeB after switching from Idle to Active mode. NAS signalling may be a TRAU. eNodeB forwards NAS signalling to default MME as the current MME resolved from TMSI is not reachable.
2.
Target MME sends MME Relocation Request to Source MME. Source MME address is resolved based on received TMSI/IMSI.

3. 
Source  MME responds with MME Relocation Response containing the MME contexts for the UE.

4.
Target MME may execute authentication.

5.
Target MME sends SAE GW Relocation Request to target SAEGW. Message contains the address of source SAE GW (from the retrieved MME contexts)

6.
Target SAE GW triggers SAEGW context transfer from the source SAEGW

7.
Target SAE GW informs the PDN Access SAEGW(s) about the Serving SAEGW relocation. CN bearers are switched towards the target SAEGW.

8.
Target SAE GW responds to Target MME with SAEGW Relocation Response.
9.  
Target MME sends MME Relocation Response Ack to source MME to trigger DL data forwarding from the source MME. (Here it is assumed that the DL idle mode data buffering locates at MME. This issues is however FFS.)

10. source MME starts to forward buffered DL data (if any) towards the target eNodeB. 

11.
Target MME completes NAS signalling towards the UE
12.
Target MME updates the HSS with current MME information.

13. Target MME sends MME Relocation Complete to source MME.

14.
Source MME sends SAEGW Release to Source SAEGW.
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