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1 Introduction

In this document we discuss a procedure for the relocation of AGW in E-UTRAN. The AGW relocation is necessary mainly due to the mobility of the UE.
The architecture proposed by Qualcomm [1] provides full connectivity between AGW and eNode Bs. With this architecture it is possible to relocate AGW without a change of eNode B [2]. We call it “Make before break change of AGW”. The relocation does not occur in the same way as today’s SRNS relocation, like at a change of eNode B in the edge of the controlling area of the AGW.
2 Initiation of AGW relocation
With the full connectivity architecture, criteria for the initiation of the AGW relocation procedure may look less straightforward. One could even argue that AGW relocation is not necessary in LTE_Active state.

However in our view it is envisioned that the AGW would need to perform the relocation when the distance between the serving e Node B and the AGW is too long to maintain QoS requirements of the service provided to the UE, in very high mobility situation.
Additionally, the relocation can be used for the purpose of load balancing for AGWs, as well as the architecture avoids the single point of failure as discussed in [1].
In any cases, we think it is most efficient that the source AGW makes the decision for the initiation from architectural point of view. Exact metric should be based on a operator’s policy and we will not discuss it further in detail in this document.
Proposal 1: AGW relocation is initiated by the source AGW.
3 Relocation preparation
Relocation preparation phase is necessary for the source AGW to check the readiness of the target AGW. The readiness can be determined by e.g. availability of resources.

Additionally the target AGW may be compliant to an older version of protocol than the one the source node supports. In which case the source would need to take an appropriate action (detail is FFS). The relocation preparation phase can therefore be used by the source AGW to ask the target AGW for its capability information.
Proposal 2: Have the relocation preparation phase take place before the actual c-plane context transfer

4 Blocking of protocol status

A snapshot of c-plane context is transferred from the source to the target in the relocation procedure. It is therefore necessary to block the status of c-plane protocol before the transfer.
The source AGW can stop MME signalling by itself. However the status of MME can also be changed by an uplink signalling message from the UE (e.g. equivalent of Service Request message). A change of c-plane context after the context transfer leads to de-synchronization of c-plane status between the target AGW and the UE.

It is desirable to have a mechanism that allows the UE to not stop the uplink signalling so that procedure delay introduced by the relocation procedure is minimized. Two ways to achieve this are discussed below.
Method 1:
The UE, after the reception of a relocation indication message, ensures that it uses the new RLC entity routed to the target AGW (see detail in [2]) for uplink signalling messages except for the relocation confirm message.

The source AGW needs to make sure that the UE has received the relocation indication before the c-plane context transfer and therefore will need to suspend the context transfer until it receives the relocation confirmation message. One drawback of this procedure is that the target AGW may receive uplink signalling messages before context transfer takes place and would need to store those messages during the situation where the relocation confirmation message is transmitted and has not been received by the source AGW.
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Method-1
Method 2:
The source AGW performs context transfer before sending the relocation indication message to the UE. The UE, after the reception of the relocation indication message, ensures that it uses the new RLC entity routed to the target AGW (see detail in [2]) for uplink signalling messages. The source AGW forwards signalling messages that are received after the context transfer. The target AGW collects those messages and processes them.
The source AGW only needs to forward RRC messages for which L2 (re)transmission is ongoing when the relocation message is delivered to the UE.
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Method-2
Method 3:

This method is same as the method 2, except that the source AGW does not forward messages to the target AGW. It means that some uplink messages can be lost in the middle. Here the assumption is that MME signalling is transaction based and there will be some form of retransmission by MME itself.
This obviously is not complete solution and we think we should not go to an unreliable solution before we know how MME signalling looks like.
Method 2 is advantageous because whole procedure delay will be shortened as procedures in the air interface and in the backhaul can proceed in parallel, although the method 1 is equally robust.
It should be noted that in order to enable signalling message transfer on the new RLC entity at this phase, the eNode B should establish the new RLC entity in the relocation preparation phase.
Proposal 3: Have the UE use the new RLC entity after the reception of the relocation indication message
Proposal 4: Use message transfer from the source Anchor node to the target Anchor node in the relocation indication procedure
Proposal 5: Establish the new RLC entity at the eNode B in the relocation preparation phase
5 RRC procedure
It is envisioned that c-plane association between the network and the UE need to be (re-)initialized at the relocation. This is initiated by a MME signalling towards the UE. For instance, a temporary identity associated with the target AGW (like U-RNTI or P-TMSI) needs to be signalled and security configuration would need to be initialised for the new connection.

The completion of the procedure needs to be declared in the UE. This trigger could be used by the UE to start user plane data transmission via the new RLCs.
We propose to define the completion of the procedure which does not rely on the “the layer 2 acknowledgement for the complete message”, which is the case for SRNS relocation today. We think that the reception of any user plane data (or RLC status PDUs for the user plane flows) in the new RLC entity or UL grant signalling is more reliable indication that the procedure is completed in the network backhaul. This can be considered by the UE as the trigger to start uplink user plane data transmission in the new RLC entity.
On the other hand the network can use the reception of any user plane data in the new RLC entity as the indication of the completion of the procedure.

Proposal 6: Have the UE use the reception of any user plane data (or RLC status PDUs) in the new RLC entity or UL grant as an indication of the completion of the procedure

Proposal 7: Have the UE start uplink user plane data transmission in the new RLC entity at the completion of the procedure

Proposal 8: Have the network use the reception of any user plane data in the new RLC entity as the indication of the completion of the procedure

6 Security aspect
It is desirable to have a low interruption time mechanism that enables immediate signalling and user data transfer between the target Anchor at the relocation procedure.
When we consider this from the security aspect, it should be possible for both the target AGW and the UE to immediately perform integrity protection / integrity check and ciphering / de-ciphering. To enable this we propose that required security parameters be delivered to the UE in the relocation indication message.
We proposed in a previous section that the new RLC entity be configured in the preparation phase. Here the RLC entity needs to be configured with a new security configuration. Assuming that the security parameters that we have today are also used in E-UTRAN, START would need to be calculated by the source AGW and delivered to the target AGW, the eNode B and the UE.
Proposal 10: Have the source AGW calculate START value
Proposal 11: Make all the necessary security parameters (incl. START) delivered to the target AGW and the eNode B at the relocation preparation phase

Proposal 12: Make all the necessary security parameters (incl. START) delivered to the UE in the relocation indication message
7 Message sequence flow

The message flow resulted from the above discussion is depicted blow.
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1) The source AGW decides to initiate AGW relocation procedure. The source AGW sends Relocation Required message to the target AGW.
2) The target AGW, after checking whether it can handle the new UE, signals the eNode B to establish the new RLC entity and the transport path to the target AGW.
3) The eNode sends Relocation Response message

4) The target AGW sends Relocation Confirm message. Capabilities of the target AGW is included in the message.

5) The source AGW sends Relocation Indication message to the UE. It also performs context transfer in parallel.

6) After establishing the new RLC entity, the UE sends Relocation Confirm message to the source AGW. The confirmation is forwarded to the target AGW.
7) The target AGW performs path switching (e.g MoIP routing update).
8) User plane data from the packet core network starts being routed to the target AGW. The UE receives data via the new RLC entity.
9) The UE starts the transmission of user plane data in the new RLC entity.

10) The target AGW receives data via the new RLC entity. It sends Relocation Complete message to the source AGW.

11) The source AGW releases the old RLC entity in the eNode B and the transport leg to the eNode B.

8 Conclusion

In this document we discussed AGW relocation procedure.
Several issues that need to be considered were raised. We proposed several schemes to address those issues and to achieve an efficient and robust relocation procedure. We propose that those elements be taken into account in the study of AGW relocation.
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