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Discussion and decision
1.  Introduction
In Rel-8, coincidental occurrence of re-establishment and reconfiguration was discussed based e.g., on [1]-[3]. This paper revisits this topic, and proposes to use the RRC-TransactionIdentifier upon reestablishment to prevent state mismatch between the UE and eNB.
2. Discussion
A radio link failure can occur while RRC connection reconfiguration procedure is ongoing from the eNB perspective. If this occurs the eNB does not know if the current configuration of the UE is before or after the reception of the outstanding reconfiguration procedure. This is shown in Fig.1.
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Fig.1  RLF leading to state mismatch.

If the outstanding reconfiguration was concerning handover, the network would be able to detect which case had occurred based on the source PCI, C-RNTI and shortMAC-I as included in the RRCReestablishmentRequest. The problem is when the reconfiguration was not concerning handover, but was e.g., to setup a new DRB. In this case, the network cannot determine whether the new DRB has been setup in the UE or not, resulting in a state mismatch.

In Rel-8 CR0128 [4] was agreed that the UE ignores removal of unknown DRB identities. This allows the eNB to revert the configuration sent in the outstanding reconfiguration procedure, if the eNB was in doubt whether the reconfiguration was successfully processed by the UE. However, if the outstanding reconfiguration was involving DRB addition, this meant that the DRB has to be removed even if the UE has successfully set up the DRB. Then, establishment of the DRB has to be re-initiated by the MME, since DRB addition involves NAS PDU transmission. This is described in Fig.2.

If the eNB buffers the NAS PDU and retransmits this after DRB removal, the NAS PDU is ignored by the UE due to duplicate detection (same sequence number) in the NAS layer [5] (Fig.2 (a)). Then, the MME will need to wait until T3485 expiry (8 s) to be able to re-initiate DRB setup. Hence, such buffering and retransmission of the NAS PDU by the eNB should not be performed. Instead, the eNB can remove the DRB and respond to MME that it has failed DRB setup using E-RAB Setup Response (Fig.2 (b)). Then, the MME can re-initiate the DRB setup procedure. However, this involves extra interaction with the MME, and the MME needs to ensure that the NAS PDU uses a new sequence number.
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Fig.2  Reestablishment during DRB addition.
Moreover, such iterative setup has some consequences to the U-plane behaviour: the U-plane could start queuing traffic on the DRB as soon as it is established, and hence, deleting and re-establishing the bearer would cause the queued traffic to be lost, requiring application level re-transmissions. This may have undesirable consequences to the application layer, and how the case is handled strongly depends on the application implementation.

Although the problem was tolerable to some extent in Rel-8 as Rel-8 being mainly aimed at data services, Rel-9 is to support VoIP services over LTE. If a DRB was added during a VoIP call or the DRB being setup was a VoIP bearer, then the Rel-8 solution can lead to VoIP failure, impacting user perception. From an operator’s perspective, it is desirable to make the VoIP services as robust as possible.
To improve the handling in Rel-9, one of the followings can be considered.

· Alternative 1:
Include the RRC-TransactionIdentifier of last successfully processed message in RRCConnectionReestablishmentRequest.

· Alternative 2:
Include the RRC-TransactionIdentifier of last successfully processed message in RRCConnectionReestablishmentComplete.

Although these solutions have been considered and not adopted in Rel-8, provided that no viable usage of the spare values has been found in these messages, it seems reasonable to reconsider these solutions in Rel-9. Given that Alt.1 provides the cleanest and best performing option, it is proposed to adopt Alt.1 in Rel-9. Although Alt.1 will use the last 2 bits of RRCConnectionReestablishmentRequest, changes in future releases are still possible using the message level extension for the UL-CCCH-MessageType.

Proposal
The RRC-TransactionIdentifier of the last successfully processed RRCConnectionReconfiguration message should be included in the RRCConnectionReestablishmentRequest message.

3. Conclusions
The following is proposed:
Proposal
The RRC-TransactionIdentifier of the last successfully processed RRCConnectionReconfiguration message should be included in the RRCConnectionReestablishmentRequest message.

A corresponding draft CR is provided in [6].
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