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1. Introduction
In Release 8, the GBR bearer of the core network is deactivated by the MME when eNodeB detects the Radio Link Failure (RLF); eNoedB sends S1 UE Context Release Request to the MME and MME initiates MME Initiated Dedicated Bearer Deactivation procedure.

On the other hands, in some cases, UE may not have the trigger to locally release the GBR bearer when it encounters the RLF, i.e. NAS recovery cannot completes successfully.
This paper proposes enhancement of the NAS GBR bearer handling to resolve this problem.
2. GBR Bearer Release at RLF in Release8
Figure 1 shows the GBR Bearer Release mechanism at RLF in Rel-8
In the UE side behaviour:  upon RLF detection (T310 expiry), the UE starts T311 and performs cell selection in order to attempt RRC re-establishment. If T311 expires or an RRC re-establishment attempt was unsuccessful, “RRC connection failure” is indicated to the NAS. Having received this indication, the UE preserves all EPS bearers, i.e. non-GBR and GBR bearers. As soon as the UE finds a suitable cell, the UE initiates NAS recovery, e.g. Tracking Area Update, so that the EPS bearer context status at MME and UE are synchronised.

In the network side behaviour:  when the eNB detects RLF, it starts an implementation dependent timer to release the UE context. The eNodeB may successfully recover the RRC connection during this time, then, the RRC connection is resumed without any impact on the GBR bearer at MME. If the timer expires, the eNB sends S1 Release Request to the MME, and the UE context in the eNB is released. The MME preserves non-GBR Bearers and deactivates GBR Bearers. This will allow charging to be stopped for the GBR services.
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Figure.1 NAS signaling recovery

3. Problem Statement
In case the NAS recovery cannot complete successfully, e.g. UE sent Tracking Area Update Request but cannot receive Tracking Area Update Accept, the UE cannot get the trigger to locally release the GBR bearer. This happens when the UE moves to the area where no 2G/3G/LTE coverage, e.g. in the long tunnel or when UE moves too fast such as in the rapid train like TGV or Shinkan-sen.
From the application point of view, GBR bearer(s) are seen still “active”, thus, IMS VoIP application at UE, which uses the GBR bearer, cannot terminate the call as there is no indication that the GBR bearer is terminated. Then, there is a possibility that the application displays “communication on-going” to the user of the UE until the GBR bearer for VoIP is finally terminated by successful NAS Recovery later on, e.g. 3 minutes later when UE completes the TAU procedure.
This would make the UE user confused as if it is continuously charged and cause the complaint to the operator.

The IMS application may have implementation dependent mechanism to terminate the call when detecting the connection lost, but this causes the variety in the UE behaviour. Operators need the standardized way in order to ensure the serviceability to the UE. 

4. Solution Approach

This problem happens because the GBR bearer at UE is not controlled by the NAS layer. This is GBR bearer specific issue as the non-GBR has always-on concept and does not need to release due the RLF. 

To resolve the problem and achieve the flexible GBR bearer handling under the network control, we believe the solution approach needs the following capabilities:
· Enable the UE to release the NAS GBR bearer locally without waiting for successful NAS recovery procedure

· Network can indicate the UE when to release the NAS GBR bearer in case NAS recovery is not successfully completed
5. Proposal

Considering above-mentioned solution approach, we propose the MME provides a new NAS level GBR timer per GBR bearer at the dedicated bearer establishment, and allow the UE to release GBR bearer if the RLF occurs and NAS recovery does not work.
The UE/ network behaviour of the proposal is shown in Figure2. 
In the UE side behaviour:  a new NAS level GBR timer is introduced and upon T310 expiry, the UE RRC indicates a primitive “RLF detected” to the NAS layer. The NAS layer then starts the “GBR timer”. If the timer expires the UE locally deactivates the corresponding GBR Bearer. The corresponding radio bearer is also locally released. The timer value can be configured by NAS signalling when a new EPS bearer is established. The EPS bearer context status can be synchronised when NAS recovery occurs. To stop the “GBR timer”, a new primitive “RLF recovered” is also indicated by RRC to NAS upon successful RRC re-establishment.

In the network side behaviour:  the behaviour is almost the same as the release8 RLF behaviour; i.e. eNodeB sends S1 Release Request to the MME and MME deactivates the GBR bearer. The additional function in this proposal is to enable the MME to inform the eNodeB of the AS level GBR timer that is used by the eNodeB to wait for GBR bearer lease after the RLF detection. This is done by S1-AP signalling at the dedicated bearer establishment. AS level GBR timer can be configured with the same timer value as NAS level GBR timer so that GBR bearers at MME and UE can be release relatively similar timing though this cannot guarantee the timing to be exactly the same since the RLF detection at eNodeB and UE cannot be synchronized.
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Figure.2 Overview of the Proposal

With this solution the previously mentioned “user perception” problem is alleviated, since the GBR Bearer is locally deactivated in a short, i.e. configurable time by MME, while after RLF. This also enables the GBR bearers can also be resumed during NAS recovery, if NAS recovery happens before the “GBR timer” expires. This could happen if the RRC stops the RRC re-establishment just after RLF.
6. What needs to be specified by SA2

In order to achieve the above proposal the following modifications are foreseen.
1. MME sends the NAS level GBR timer to the UE by Session Management Request message in Dedicated Bearer Activation Procedure and Bearer Modification Procedure. NAS level GBR timer is configurable value by the MME and for instance it is configured based on the QCI value of the GBR bearer.
2. MME sends the AS level GBR timer to the eNodeB by Bearer Setup Request and Bearer Modify Request messages, which carries Session Management Request, in Dedicated Bearer Activation Procedure and Bearer Modification Procedure respectively. AS level GBR timer is configurable value by the MME and for instance it is configured to be the same value as the NAS level GBR timer.
7. Conclusion

This paper discussed the enhancement of the NAS GBR bearer handling to enable the UE to release the GBR bearer locally when NAS recovery fails after RLF.

In conclusion, It is proposed to;

· agree on the problem pointed out in section3,

· agree on the proposed enhancement, and

· send LS to RAN2/CT1 to inform the SA2 agreement and ask appropriate actions.
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