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1 Introduction

In this document we discuss the control plane procedure for the relocation of RRC termination point in E-UTRAN. The relocation of RRC termination point associated with a UE is necessary mainly due to the mobility of the UE.
This is called SRNS relocation in the current system. RRC context is transferred from the source RNC to the target RNC and the UE takes action regarding security configuration re-initialization and PDPC loss-less data delivery. Our understanding is that a very similar procedure is necessary for E-UTRAN with possible enhancements and simplifications.
In this document we first take our preferred network architecture proposed in [1] where RRC is terminated at aGW where user plane is also terminated and discuss a relocation procedure. Then we study a RRC relocation procedure for an architecture where RRC is terminated at Node-B.
It should be noted that our proposal in [1] is to incorporate NAS functionality in the Anchor node. If it is decided in the future that NAS protocol is also terminated in the aGW, the relocation of NAS context needs to be studied.
2 Initiation of relocation of RRC termination point
The architecture proposed by Qualcomm [1] provides full connectivity between aGW and Node-Bs. In this architecture criteria for the initiation of the aGW relocation procedure may look less straightforward. The relocation does not occur in the same way as today’s SRNS relocation, like at a change of Node-B in the edge of the control area of the node above Node-B. Indeed, as proposed in [2], the aGW relocation occurs without a change of Node-B.
We think that even with the full connectivity connecting to an aGW very far from the serving Node-B for the UE is not optimal from the view point of the radio resource management. The relocation can be used in the case that the source aGW does not have adequate RRM information for the area that the UE is getting into.

It is also envisioned that the aGW would need to perform the relocation when the distance between the serving Node-B and the aGW is too far to maintain QoS requirements of the service provided to the UE. Additionally, the relocation can be used for the purpose of load balancing, as well as the architecture avoids the single point of failure as discussed in [1].
We think it is most efficient that the aGW makes those decisions 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: Have the source aGW determine the initiation of the relocation procedure
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.

The target node may be compliant to an older version of protocol than the one the source node is. In which case the source would need to take an appropriate action. The relocation preparation can be also used by the source aGW to ask the target aGW for capability information.
Proposal 2: Have the relocation preparation take place before the actual RRC context transfer

4 Blocking of RRC status

A snapshot of RRC context is transferred from the source to the target node in the relocation procedure. It is therefore necessary to block the status of RRC before the transfer.
The source aGW can stop RRC signalling by itself. However the status of RRC can also be changed by an uplink signalling message from the UE. A change of RRC context after the context transfer leads to de-synchronization of RRC 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 a relocation confirm message.

The source aGW needs to make sure that the UE has received the relocation indication before the RRC context transfer and therefore will need to suspend the context transfer until it receives a relocation confirmation message. One drawback is that in the situation where the confirmation message is transmitted and has not been received by the source aGW, the target aGW may receive uplink signalling messages before context transfer comes and would need to store those messages.
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Method-1
Method 2:
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 to the target aGW. 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 2 is advantageous because whole procedure delay will be shortened as procedures in the air interface and in the backhaul can proceed in parallel.
It should be noted that in order to enable signalling message transfer on the new RLC entity at this phase, the Node-B has to establish the new RLC entity in the preparation phase described in the previous section.
Proposal 3: Have the UE to 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 Node-B in the relocation preparation phase
5 RRC procedure
It is envisioned that RRC association between the network and the UE need to be (re-)initialized at the relocation. This is initiated by a RRC signalling towards the UE, which would include configuration to the UE. For instance, a temporary identity associated with the target aGW (like U-RNTI) 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 when the target aGW become ready to process user plane data.
We propose to define the completion of the procedure which does not rely on the “the layer 2 acknowledgement for the complete message”. We think that the reception of any user plane data (or RLC status PDUs for the user plane flows) in the new RLC entity is more reliable indication that the procedure is completed in the network backhaul. This can be used by the UE for the trigger to start uplink user plane data transmission in the new RLC entity.
For the network there must be a way to know when the old RLC entity can be released. We think that the reception of any user plane data in the new RLC entity by the target aGW can be used for this purpose.
Proposal 6: Have the UE use the reception of any user plane data (or RLC status PDUs) in the new RLC entity as the 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 Error handling
When considering a RRC procedure it is important to explore error scenarios. In the current RRC, basically a procedure needs to be cancelled in a failure case.

One advantage of our proposed architecture and procedure is that it excludes the need of “relocation aborting” by the UE. In the following we discuss error scenarios in the RRC procedure due to bad radio condition.
Scenario 1)  The UE could not receive the relocation indication message and moved to another Node-B.

Since the UE has not received the new U-RNTI, Cell Update-like message is forwarded to the source aGW. The source aGW can either re-initiate a relocation procedure or cancel it.
Note that even if the procedure is cancelled, it is not visible from the UE.

Scenario 2)  The UE has received the relocation indication message and moved to another Node-B before the relocation confirmation message has reached the network.

In this case Cell Update-like message is routed to the target aGW. The target aGW can signal the new Node-B to establish two RLC entities, one routed to the source aGW and the other routed to the target aGW. Then the UE and the network can continue with the relocation procedure.

It doesn’t seem efficient to abort the relocation procedure at this stage. Thanks to the full connectivity in the network, it is possible to proceed with the relocation procedure via the new Node-B.
Proposal 9: Adopt an error handling which does not lead to the cancellation of the procedure
7 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 security aspect, it should be possible for both the target aGW and the UE to immediately perform integrity check and de-ciphering. We propose that all the security parameters required 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 needs to be calculated by the source aGW and delivered to the target aGW, the Node 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 Node 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
8 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 an 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 Node-B to establish the new RLC entity and the transport leg to the target aGW.
3) The target aGW sends Relocation Confirm message. The capability of the target aGW is included in the message.

4) The source aGW initiates RRC procedure for the aGW relocation. It also performs a RRC context transfer in parallel.

5) After establishing the new RLC entity, the UE sends Relocation Confirm message to the source aGW.

6) User plane data from the outside of RAN starts being routed to the target aGW (e.g as the result of MoIP outing update). The UE receives data via the new RLC entity.
7) The UE starts the transmission of user plane data in the new RLC entity.

8) The aGW receives data in the new RLC entity and considers procedure can be completed in the network. It sends Relocation Complete message to the source aGW.

9) The source aGW releases the old RLC entity and the transport leg.
9 RRC relocation with “RRC at Node-B”
In an architecture in which RRC is terminated at Node-B, the RRC relocation occurs at a Node-B change. Note that here our assumption is that the “serving / drift Node-B” concept will not be adopted in E-UTRAN. This means that RRC relocation always involves a radio link change.
Our understanding is that the procedures described in the previous sections are equally needed for an architecture in which RRC is terminated at Node-B and whole set of procedures needs to take place at every cell change. The following figure describes a signalling flow for “RRC at Node-B” architecture.
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A change of radio link could fail and it is essential to study the case that the UE fails in the synchronization to the target Node-B and possibly reverts back to the source Node-B.

The UE would need to abort the relocation procedure and undo everything (e.g. radio configuration, security configuration) it has done so that it can again talk to the source Node-B.
Aborting the procedure before the UE sends the complete message would be rather simple. A classical issue is that the completion of the procedure is detected differently between the network and the UE. The network considers the procedure as completed when it receives the completion message from the UE and the UE needs to reply on L2-ACK for the complete message or downlink data delivered to the UE as proposed in section 5.
There is the case that the UE has to abort the procedure before the successful delivery of the complete message is confirmed and the network assumes the procedure is completed due to the complete message having been received already. Although this can be seen as a corner case, we would need to specify a mechanism to solve this problem as the frequency of the RRC relocation is much higher with this architecture.
From the view point of user plane management, in the aborting case the path in the network that has been routed to the target Node-B in the preparation phase would need to be changed back to the source Node-B. This may result in data loss or require data forwarding from the target Node-B back to the source Node-B. We are assuming here that the target Node-B would need to buffer downlink data until it receives complete message from the UE. Otherwise the Node-B can make sure that the path switching is delayed until it becomes sure that the UE is successfully in the target Node-B.

By comparison, our architecture allows to limit failure cases to very rare scenarios and cancelling of the RRC relocation procedure is not required. Frequency of the relocation is significantly low thanks to the full connectivity between aGWs and Node-Bs. We believe it provides more robust mobility procedure in E-UTRAN.
10 Conclusion

In this document we discussed a relocation of RRC termination point taking our preferred architecture [1]. We  proposed several schemes to achieve an efficient and robust relocation procedure.
A brief comparison with an architecture with RRC terminated at Node-B was carried out and we have shown that the architecture with RRC located at the aGW provides lower frequency of the relocation with robustness. We propose those elements be taken into account in the study of RRC termination point in RAN2.
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