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1 Introduction

At the SA2 ad hoc in St Louis, it was agreed in principle to define an inter eNodeB handover procedure with core network relocation, which does not rely on signaling on X2 between source eNodeB and target eNodeB, signaling on S1-MME between target eNodeB and source MME nor signaling on S1-U between target eNodeB and source Serving SAE GW. 

This contribution proposes a solution to this type of relocation. The solution is such that it can be harmonized to inter-3GPP handover procedures (see S2-071192, S2-071193, S2-071199), which are expected to much more frequent in typical deployments. Aligning the two procedures, system and implementation complexity can be greatly reduced. 

We first discuss the detailed signalling flows for the proposed procedures. This will be followed by considerations on reducing system complexity by limiting the number of relocation procedures that are needed to be defined. 
2 Signalling flows

Inter eNodeB handover with combined MME and serving SAE GW relocation
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Figure X1: Inter eNodeB handover with combined MME and Serving SAE GW relocation (note that the source or target Serving SAE GW may be co-located with the PDN SAE GW)

1) The source eNodeB decides to perform a handover to the target eNodeB. The source eNodeB knows (e.g., based on configuration) when to trigger CN relocation, e.g., when the target eNodeB does not have S1_MME connectivity to the source MME. 

2) The source eNodeB sends Relocation Required to the source MME.

3) The source MME selects the target MME and sends a Forward Relocation Request message to it, which includes the UE context in the source MME. 

4) The target MME decides to change the Serving SAE GW and selects a target Serving SAE GW. The target MME sends a Create Serving SAE GW Context Request message to the target Serving SAE GW, including information about the established bearers of the UE and identity of the PDN SAE GW and its TEIDs. The target SAE GW allocates TEIDs for the uplink traffic on S1_U reference point (one TEID per bearer). The target Serving SAE GW sends an acknowledgement message back to the target MME, which include these newly allocated TEIDs. 

5) The Target MME sends Relocation Request message to the target eNodeB. This message creates the UE context in the target eNodeB, including information about the bearers, and the security context. The target eNodeB sends a Relocation Request Acknowledge message to the MME. This includes the TEIDs allocated at the target eNodeB for downlink traffic on S1_U reference point (one TEID per bearer). 


6) The target MME sends a Forward Relocation Response message to the source MME to acknowledge the preparation in the core network. 

7) The source MME may update the source Serving SAE GW about the target serving SAE GW, which acknowledges the message. These messages are FFS, and are used to enable and trigger the source Serving SAE GW to perform data bi-casting in case it is needed. 

8) The source MME sends a Relocation Command message to the source eNodeB.

9) The Handover Command is sent to the UE. The UE must be made aware that a CN relocation is being performed, since it will have to perform a Tracking Area Update (see below). The UE detaches from the old cell and synchronizes to the new cell. 

10) The source eNodeB may start forwarding of downlink data from the source eNodeB to the target eNodeB. The conditions for performing packet forwarding are based on configuration. E.g., the source eNodeB could forward packets when the X2 interface exists to the target eNodeB, or whenever IP connectivity between the source and target eNodeBs is known to exist. Configuration may exist also in the core network to decide if forwarding is possible. In case forwarding of packets is not possible, it is FFS if bi-casting may be used. (See the discussion in S2-071201 for the IRAT HO case.)

11) After the UE has successfully synchronized to the target cell, it sends a Handover Confirm message to the target eNodeB. Downlink packets forwarded from the source eNodeB can be sent to the UE. Also, uplink packets can be sent from the UE, which are forwarded to the target Serving SAE GW and the PDN SAE GW. 

12) The target eNodeB sends a Relocation Complete message to the target MME. 

13) The target MME sends a Forward Relocation Complete to the source MME. The source MME in response sends a Forward Relocation Complete Acknowledge to the target MME. 

14) The target MME sends an Update Serving SAE GW Context Request to the target Serving SAE GW. This includes the TEIDs allocated at the target eNodeB for downlink traffic. 

15) The target serving SAE GW assigns TEIDs (one per bearer) for downlink traffic from the PDN SAE GW. It sends an Update PDN SAE GW Context Request to the PDN SAE GW, including the assigned TEIDs. The PDN SAE GW starts sending downlink packets to the target SAE GW using the newly received TEIDs. These downlink packets will use the new downlink path via the target Serving SAE GW and target eNodeB. An Update PDN SAE GW Context Response is sent back to the target serving SAE GW. 

16) The target Serving SAE GW sends an Update Serving SAE GW Context Response to the target MME. 

17) After the source MME has received the Forward Relocation Complete message, it sends a Release Resouces message to the source eNodeB. The source eNodeB can the release resources in the source eNodeB. The timing of this message and the timing of releasing the resources are FFS.

18) As soon as the handover to the target eNodeB is completed, the UE sends a Tracking Area Update Request message, which arrives to the target MME.

19) The target MME may optionally authenticate the UE

20) a)
The target MME updates the HSS by sending an Update Location message

b)
The HSS sends a Cancel Location message to the source MME.

c)
The source MME sends a Cancel Location Ack message to the HSS. 

d)
The source MME releases the context in the source Serving SAE GW by sending a Release Serving SAE GW Context message. 

e)
The source Serving SAE GW sends a Release Serving SAE GW Context Ack to the source MME. 

f)
After the HSS has received the Cancel Location Ack message, it sends an Update Location Ack to the target MME. 

21) The target MME sends a Tracking Area Update Accept to the UE, which include a new S-TMSI allocated by the target MME. 

22) The UE acknowledges the new S-TMSI by sending a Tracking Area Update Complete message. 

Inter eNodeB handover with MME relocation only
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Figure X2: Inter eNodeB handover with MME-only relocation (note that the Serving SAE GW may be co-located with the PDN SAE GW)

For easier reading, only the differences compared to combined MME and Serving SAE GW relocation are explained below. 

4) The MME decides not to change the Serving SAE GW. The messages between the target MME and Serving SAE GW are not needed, so the uplink path can be used without preparation. 

5) The Target MME sends Relocation Request message to the target eNodeB. From this message, the target eNodeB becomes aware that only the MME is relocated, and the Serving SAE GW remains unchanged.

11b) The target eNodeB may send a GTP-U path switch message to the Serving SAE GW, as it is assumed  for LTE handover without CN relocation (see S2-071197). This GTP-U path switch message may be piggybacked with an uplink data packet if one exists in the eNodeB. The Serving SAE GW switches the downlink data path to the target eNodeB when it receives this message. 

14) The target MME sends an Update Serving SAE GW Context Request to the Serving SAE GW. This confirms the handover in case a GTP-U tunnell switch was sent earlier to the Serving SAE GW. In case a GTP-U tunnel switch was not sent to the Serving SAE GW, this message informs the Serving SAE GW about the handover and the Serving SAE GW switches the downlink tunnelling to the target eNodeB at this time. 

15) No Update PDN SAE GW Context Request/Response needs to be sent to/from the PDN SAE GW, since the Serving SAE GW is not relocated. 

20d-e) The source MME must not send a Release Serving SAE GW Context Request to the Serving SAE GW. 

Note that the two procedures above (i.e., MME relocation with or without Serving SAE GW relocation) are identical in the first three steps, and it is the target MME that decides whether the Serving SAE GW also needs to be relocated or not. 
Inter eNodeB handover with Serving SAE GW relocation only

Based on the agreement to use Option B for MME separation, the relationship between the Serving SAE GWs and eNodeBs is simplified, since only the GTP-U user plane tunnelling protocol is needed and an additional control plane protocol can be avoided. This makes it possible to simplify the system and avoid defining a Serving SAE GW relocation procedure (both idle and active mode) without MME relocation. See S2-071198 for a detailed discussion.

In other words, it would be possible to deal with only one type of pool areas in the LTE RAN, and let the core network decide if only the MME, or both the MME and the Serving SAE GW need to be relocated. This can lead to significant simplifications in an already complex and multi-optioned SAE/LTE architecture. 
3 On the use of X2 with CN node relocation
It has been agreed that pool areas may overlap, and in this case the X2 interface may be present in the RAN between the source and the target eNodeBs even when the UE changes from one pool area to another. It might at first seem logical to make use of the X2 interface in this case, and define CN relocation procedures which involve X2 signalling as well. This was proposed in S2-070784 and in S2-070767/S2-070768 at the St Louis meeting.
However, using X2 for CN node relocation has a number of drawbacks. First of all, S1-based procedures without the use of X2 (shown above) are anyway needed, since we can never be sure that X2 is always present. Operators may choose to not deploy overlapping pool areas, in which case X2 may not be available. This means that X2-based CN relocation procedures would just be alternative ways of solving the same problem to which there would be another, S1-based solution. 
It is very questionable why we need to increase the overall system and implementation complexity by adding new procedures in the case when we already have a solution. Furthermore, note that pool area changes in LTE are expected to be very rare, at least in the initial years of deployment when wide area mobility will most likely happen over 2G/3G access rather than over LTE due to the typical island-like initial deployment scenarios. Note also that it has been agreed to support overlapping pool areas, which is yet another means available for operators to decrease the frequency of CN relocation procedures in active mode, also reducing the need to define additional CN relocation procedures.
X2-based CN relocation would additionally raise other concerns. With X2-based CN relocation, the target eNodeB can not begin the CN relocation until the UE has actually arrived in the target eNodeB and sent the Handover Confirm message, otherwise there is a chance that the X2 handover will not be completed. So the CN relocation is triggered by the Handover Confirm message, and will take some time to be completed. During this period, uplink packets can not be delivered. This implies an implementation complexity due to the need to buffer packets while the CN relocation is in progress. Even if this buffering is done, uplink traffic suffers an interruption period, causing degraded user experience. This issue does not arise with the S1-based handover since in that case the uplink path can be prepared as part of the CN preparation phase, which is performed before the radio handover. 
Furthermore, an X2-based CN relocation procedure can not handle roaming/area restrictions. This is because the source eNodeB will be configured with the restrictions in its own pool area only, and hence it will not know the restrictions applicable in the target eNodeB which is in a different pool area. An S1-based procedure does not have this drawback, because the target MME is involved in the handover preparation phase and can apply roaming/area restrictions before the handover.
4 Proposal

Based on the discussion above, we propose that the following principles for the specification of inter-eNodeB handover with CN node relocation are agreed:
· Specify an S1-based procedure for inter eNodeB handover with combined MME and serving SAE GW relocation
· Specify an S1-based procedure for inter eNodeB handover with MME-only relocation
· Do not specify a procedure for an inter eNodeB handover with serving SAE GW only relocation.
· Do not specify X2-based relocation procedures at this time.
We further propose that the related CR R3-070624 to 36.300 is agreed.
3GPP
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