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1 Introduction

It was agreed that the RRC is terminated at eNode B in E-UTRAN. In this architecture the relocation of RRC in the network happens every time the serving eNode B changes.
In the current UMTS, SRNS relocation is the procedure where RRC context is transferred, from the source node to the target node. SRNS relocation procedure today is not robust enough. For example any UE autonomous mobility during the procedure leads to a dropped call. Considering the increased frequency of RRC context transfer in LTE, we should develop more robust procedure.

Additionally there is a classical issue in mobility. That is, how to handle a message “on the way” at an eNode B change. For example in case of UE autonomous mobility (e.g. Cell Update procedure), there are cases where a message sent by the serving eNode B does not reach before the UE moves to another eNode B. This has been discussed in the context of the current RRC specification for various scenarios. In LTE this could become more severe because RRC relocates at every eNode B change. We believe it is important that we discuss the issue from the early stage of the standardization of RRC protocol.
In this document we discuss mechanisms to achieve a robust eNode B change procedure.

2 Considerations

2.1 eNode B change procedure

The following figures show call flows for two types of eNode B change mobility that we envisage for LTE (almost in line with RAN3 internal TR). Here we assume eNode B change procedures in which AGW is not involved and signalling to the AGW is not shown in the figures.
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Figure-1: Handover procedure in LTE
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Figure-2: UE autonomous mobility in LTE

2.2  “No return point” for eNode B change procedure
One thing that makes SRNS relocation procedure today unstable is the aborting of the procedure in case of an error. As it is difficult to undo the procedure in some cases (e.g. reconfiguration of security, RLC re-establishment), the current RRC specification says that the UE shall enter idle mode in failure case. This is because “no return point” for SRNS relocation procedure is set to the very late stage of the procedure, which is the reception of L2-ACK for the response message by the UE.
If we consider full-connectivity among eNode Bs in LTE, no return point can be different. We propose the following no return points for the UE and the network. After the no return points, there would be no complete “undoing” of the procedure.
· For the UE, no return point is the reception of a reconfiguration message causing eNode B change

· For the network, no return point is the transmission of a reconfiguration message causing eNode B change

The following subsections discuss how this works in an error case scenario.

2.2.1 Partial aborting of reconfiguration by the UE
It is true that an error can occur even after the no return point. Although the procedure is not completely cancelled, the UE may need to forget about parameters indicated in the reconfiguration message. One example would be configuration parameters that are only related to the physical connection to the target eNode B.
For LTE we propose to have “partial aborting of reconfiguration”, where the UE only aborts a part of configurations in a reconfiguration message in an error case. The basic idea is that the UE only aborts physical layer part of configurations and does apply other configuration parameters. RRC message can be divided into “Sticky part” and “Non-sticky part”. Sticky part will not be cancelled by the UE even in an error case.
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Figure-3: Reconfiguration message in LTE

UE temporary identity and eNode B identity would be included in the “sticky part”. If the UE performs autonomous mobility procedure as a result of an error during the procedure, the UE reports those new identities in Cell Update message so that the correct serving eNode B can be pointed.
Note that in the network no return point has passed and the serving eNode B relocates regardless of whether the UE will succeeds or fails in the procedure.

2.2.2 Example scenario

The following figure-4 shows an example of the partial aborting of reconfiguration.

The source eNode B transmits HO command to the UE. This is the no return point for the network and everything is proceeded forward in the network backhaul (e.g. UE context transfer). After this point the target eNode B is ready to serve as the serving eNode B for the UE whether the UE will succeed or fail in the procedure.
The UE tries to establish physical connection to the target eNode B and then fails. The UE does partial aborting of the procedure and performs RRC connection re-establishment (Cell Update) procedure. Since the new UE temporary identity was included in the “sticky part” of the HO command message, the UE sends the new identity in Cell Update message. The new (third) eNode B can know which eNode B is the current serving eNode B for the UE (which is the target eNode B in the HO command) and asks for UE context transfer to the serving eNode B.
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Figure-4: Partial aborting of reconfiguration
2.3 RRC message handling upon eNode B change
2.3.1 Network initiated eNode B change
An eNode B change occurs when the serving eNode B commands the UE to move to another cell in a different eNode B. The serving eNode B sends a RRC message (handover command) to the UE.

If we assume that in-sequence delivery is adopted for RRC messages, in downlink direction there would be no RRC messages ongoing in the outer ARQ when the handover command is successfully delivered to the RRC in the UE.

In the uplink direction, there may be RRC messages which have not been successfully delivered to the RRC of the serving eNode B.

2.3.2 UE autonomous mobility
One example of UE autonomous mobility is Cell Update procedure in UTRAN. We believe that in E-UTRAN there should be a similar method by which the UE can re-access the network when e.g. the UE has lost the synchronization to the serving eNode B due to sudden deterioration of radio condition.

In this type of mobility, there may be RRC messages both in downlink and uplink directions that are ongoing in the outer ARQ and have not been successfully delivered to RRC.

2.3.3 Full outer ARQ context transfer

In SRNS relocation procedure, RLC entities for signalling radio bearers are re-established and therefore messages discussed above are actually lost in the procedure, which should not be the case in LTE.

RAN3 has decided that there will be some form of ARQ context transfer in eNode B change mobility. With this solution, the afore-mentioned “stale” RRC messages will be delivered to the RRC in the UE and the target eNode B after the completion of eNode B change procedure.
The situation can be severe if the stale message is a reconfiguration message in downlink because the network can not be sure when the UE received the reconfiguration message. The following figure-5 shows an example in which a “stale” RRC message is received by the UE.
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Figure-5: Example of “stale” RRC message

2.3.4 Solution 1: RRC Message Sequence Number indicator

One possible solution is the following.

· The UE indicates the greatest uplink RRC sequence number among RRC messages that the UE has sent in the the source eNode B.

· The target eNode B indicates the greatest downlink RRC sequence number among RRC messages that the previous serving eNode B has sent to the UE.
After the Cell Update procedure, the UE and the target eNode B may receive stale messages. It could be left for network implementation how the target eNode B handles those messages. On the other hand in downlink, we think that at least a stale reconfiguration message should be ignored by the UE in order to avoid de-synchronization between the target and the UE.. Details can be specified when we know how the new RRC protocol looks like.

The following figure takes the same scenario as the figure-5 and shows how this mechanism addresses the issue.
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Figure-6: RRC sequence number indicator
2.3.5 Solution 2: Partial window invalidation by RLC

A drawback of the solution 1 is that the target eNode B will anyway send an unnecessary message to the UE over the air. In the solution 1, RLC is not aware of what message should be ignored at RRC level. The unnecessary message transmission can be avoided by involving RLC in the message handling.

After eNode B change RLC in the target eNode B can move the RLC receiving window of the UE to invalidate an RLC sequence number space used for the HO command. It should be noted that there may be other RRC messages outstanding in RLC. So this mechanism will work as long as the target eNode B wants to cancel all the messages that have been sent from the source eNode B.
However there can be cases where a message sent by the source needs to reliably be received by the UE. The reason is that the source eNode B can not be perfectly sure whether or not the message was received by the UE. If the message  from the source eNode B includes some configurations (e.g. Measurement Configurations) and was cancelled by the target, it is not clear whether the target eNode B should cancel or apply the configurations. Only thing the target eNode B can do is to rely on (re)transmission of RLC(-AM).
It should therefore be possible in case of the RLC solution that the new RLC in the target eNode B invalidates a part of RLC sequence number space. When the RLC in the UE received an invalidation, it considers that PDUs with the sequence number space indicated by the signalling has already been received and acknowledged to.

[image: image7.emf]RRC

Context request

HO command

(Sent on RLC SN = 3)

SN invalidation

(RLC_SN = 3)

RLC

Consolidate RLC 

SNs that should be 

invalidated

Context transfer (incl. outer ARQ)

 &Table of cancelled RLC SN

Considers SN = 3 

has been received 

and ACKed to

UE

RLC RRC

Source eNode B

RLC RRC

Target eNode B

RLC SN 

invalidation

request

HO complete

Cell Update Confirm

Cell Update

Measurement Contorl

(Sent on RLC SN = 2)

Measurement Contorl

(Sent on RLC SN = 2)


Figure-7: Partial window invalidation
3 Conclusion

We raised several issues that need to be considered for eNode B change in LTE. We then proposed schemes to address those issues.

We propose that RAN2 discuss this issue and agree on the proposed mechanisms.
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