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1.  Introduction
RLF handling enhancements, especially with regards to GBR radio bearer handling upon RLF, were discussed at RAN2 #66bis. Two alternative proposals that allow early release of GBR radio bearers were discussed based on [1]. This paper proposes a third alternative that allows UE local deactivation of GBR EPS bearers upon RLF based on a new NAS timer.
2. Discussion
2.1
Rel-8 RLF handling
Figure 1 shows the RLF handling model in Rel-8.
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Fig.1  Rel-8 RLF handling model.

In the UE side, 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 NAS preserves all EPS bearers. As soon as the UE finds a suitable cell, the UE initiates NAS recovery allowing the EPS bearer context status to be synchronised with the network.

In the network side, when the eNB detects RLF, it starts an implementation dependent timer to release the UE context. If RRCConnectionReestablishmentRequest is received during this time, the timer is stopped and the RRC connection is resumed. 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 EPS bearers and deactivates GBR EPS bearers. This will allow charging to be stopped for the GBR services.
Note that the timing RLF is detected by the eNB and the UE can be different. For example, if the UE is in long DRX and no uplink feedback resources are allocated, the eNB will not be able to detect RLF at all until it tries to send something on the downlink. Only by not hearing any response from the UE, the eNB can discover that the UE is lost. Even if data transmission was actively ongoing, the timing can be slightly different depending on how the eNB is implemented in detecting RLF and the difference in the uplink and downlink radio conditions.
2.2
Enhancements proposed for Rel-9 at RAN2 #66bis

A problem with Rel-8 is that the RLF related parameters T311, T310, T301, N310 and N311 are broadcast in system information, i.e., the same values apply to all UEs. To improve the RLF handling depending on the radio bearer combination being setup, alternative proposals were raised at RAN2 #66bis [1-3]:
Alternative 1
T311 (and other RLF related parameters) is configured by dedicated signalling.

Alternative 2
A new timer T312 (< T311) is configured per radio bearer by dedicated signalling. Upon RLF detection T312 is started in addition to T311, and upon T312 expiry the corresponding radio bearer is released. (Although it was not clearly stated in [1], it is here assumed that the corresponding GBR EPS bearer is preserved as in Rel-8 [4].) If RRC re-establishment occurs during T311, the radio bearer status is synchronised with the eNB.

Alternative 1 is very simple as the only change from Rel-8 is how the parameters are signalled to the UE. The UE/ network behaviour would be exactly the same as in Fig.1, except that the length of T311 is configurable per UE. The timer T311 can be set to a relatively small value if the UE has a GBR radio bearer, so that the radio bearer can be released early upon RLF. This will also allow the network to deactivate the GBR EPS bearer early upon RLF, thereby allowing the network to stop charging.
Nevertheless, Alt.1 has a drawback that non-GBR radio bearers are also released at the same time. As such, the RRC connection re-establishment procedure becomes less effective, and resumption of non-GBR services will need to rely more on NAS recovery.

Alternative 2 overcomes this problem at a cost of some additional complexity. The UE/ network behaviour for Alt.2 is depicted in Fig.2.
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Fig.2  Rel-9 enhancement (Alt.2) proposed at RAN2 #66bis [1, 2].

Alternative 2 has the following impacts to the RAN2/ CT1 specifications:
1. Introduction of a new timer T312 per radio bearer, dedicated signalling of the timer value, and associated UE procedure (RAN2);
2. Indication of remaining radio bearers upon RRC re-establishment (RAN2);
3. Per EPS bearer management of bearer context status (preservation) in the NAS layer (CT1);
Alternative 2 allows use of a long timer value for T311 even if a GBR bearer is setup, hence allowing exploitation of the RRC re-establishment procedure as far as possible in resuming non-GBR services. Since Alt.2 can be made as equivalent to Alt.1 by parameter configuration, Alt.2 encompasses Alt.1.
Although the previous two alternatives improve RLF handling compared to Rel-8, an inherent problem with these alternatives is that the UE cannot deactivate the GBR EPS bearers for a long time if the UE cannot find a suitable cell after RLF. The Rel-8 NAS specification [4] specifies that all EPS bearers are preserved upon RRC connection failure (T311 expiry or RRC re-establishment failure). If the UE cannot find a suitable cell for a long time, the GBR EPS bearer will not be deactivated until NAS recovery is successful, i.e., the EPS bearer context status is synchronised. As such, the application in the UE will pretend to be still active, not knowing that the EPS bearer is in a “hanging” state. Nevertheless, the user will not be able to transmit/ receive data for all this time. The user might perceive that he/ she is being charged excessively by the operator! This will potentially lead to customer complaints.
To solve this problem, Alt.2 (or Alt.1) can be slightly modified so that GBR EPS bearers are deactivated upon T312 (or T311) expiry. However, this will create a different problem in case an RRC re-establishment attempt is rejected by the eNB, due to UE context being unprepared. The case is shown in Fig.3. In this case the UE will likely perform NAS recovery immediately in the same cell. However, the NAS recovery cannot resume GBR EPS bearers since they have already been deactivated in the UE.
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Fig.3  A problem scenario if GBR EPS bearers are deactivated upon RRC connection failure in Alt.2.

2.3
New proposals for Rel-9

To overcome the abovementioned problems, a NAS timer approach (Alt.3) is proposed.
Alternative 3
A new “GBR timer” similar to T312 is introduced in the NAS layer to locally deactivate GBR EPS bearers after RLF.
The UE/ network behaviour is shown in Fig.4. In the UE side, the behaviour is similar to Alt.2, but a timer similar to T312 is introduced in the NAS layer instead. 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 EPS 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, the behaviour is the same as for Alt.2. Since the “GBR timer” value for the UE is decided by the MME and signalled by NAS, for the eNB to be able to release the same bearers earlier, the eNB can be configured with the same timer value by S1-AP.
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Fig.4  Proposed NAS timer based approach (Alt.3).

With this approach the previously mentioned “user perception” problem is alleviated, since the GBR EPS bearer is locally deactivated in a short while after RLF. The solution also resolves the RRC re-establishment reject case as described in Fig.3. That is, GBR EPS bearers can also be resumed by NAS recovery, if NAS recovery happens before the “GBR timer” expires. For example, NAS recovery that immediately follows RRC re-establishment reject can resume GBR EPS bearers. This is shown in Fig.5.
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Fig.5  NAS recovery of GBR services after RRC re-establishment reject with Alt.3.

The following impacts to CT1/ RAN2/ RAN3 specifications are foreseen:

1. Introduction of a new NAS timer per EPS bearer, dedicated NAS signalling of the timer value, and associated UE procedures to deactivate the EPS bearer upon expiry of the corresponding NAS timer (CT1);

2. Introduction of new primitives “RLF detected” and “RLF recovered”, which are reported to NAS, upon T310 expiry and successful RRC re-establishment, to start and stop the NAS timer, respectively (RAN2);

3. Signalling of the timer values from the MME to the eNB by S1-AP, so that the GBR radio bearer can be released early in the network side (RAN3);

4. Indication of remaining radio bearers from the UE upon RRC re-establishment (RAN2);
5. Mandate TAU in case of NAS recovery (Rel-8 allows Service Request if UL data was pending and the TA is part of the registered TA list) or alternatively, include “EPS bearer context status” in Service Request (CT1);
The fourth bullet is necessary (as with Alt.2) to cover the case when RRC re-establishment occurs after a GBR EPS bearer was deactivated in the NAS. The fifth bullet is necessary to synchronise EPS bearer context upon NAS recovery.

3. Conclusions
A third proposal to improve RLF handling in Rel-9 was proposed.

Alternative 3
A new “GBR timer” similar to T312 is introduced in the NAS layer to locally deactivate GBR EPS bearers after RLF.

In any case it is felt that RAN2 should consult CT1 and SA2 before making the final decision. We hence propose to send an LS to CT1 and SA2 (cc RAN3).
References

[1]
R2-093802, “Per-QCI radio link failure timers,” Ericsson, ST-Ericsson, AT&T, Alcatel-Lucent, Huawei, Nokia Siemens Networks.

[2]
R2-093803, “Dedicated signalling of Radio Link Failure timers/ counters,” Ericsson, ST-Ericsson, AT&T, Alcatel-Lucent, Huawei, Nokia Siemens Networks.
[3]
R2-093826, “Introduction of per-QCI radio link failure timers (option 2),” Ericsson.

[4]
TS 24.301, v.8.2.1.
[image: image6.png]














































































PAGE  
5

_1311627561.vsd
�

�

�

テキスト�

T310


T311


RRC_CONNECTED


RRC_CONNECTED


RRC_IDLE


Active


Preservation


Active


Active


Preservation


Active


Preservation


Active


�

�

NW


UE


GBR radio bearer release


Active


RLF detected


E-RAB release ind.


Release timer


GBR


Non-GBR


MME


eNB


GBR


Non-GBR


RRC


NAS


S1 release request


NAS recovery


RRC connection failure


Suitable cell found


RLF detected


UE context release


T312


GBR timer


GBR radio bearer release



_1311627597.vsd
�

�

�

テキスト�

RRC connection failure


T310


T311


RRC_CONNECTED


RRC_CONNECTED


IDLE


Active


Preserv.


Active


Active


Active


Active


Release timer


GBR


Non-GBR


MME


S-eNB


GBR


Non-GBR


RRC


NAS


NAS recovery


RLF detected


Preserv.


GBR timer


�

�

NW


UE


RLF detected


T-eNB


RRC re-establishment request/ reject


GBR timer


Active



_1311629013.vsd
�

�

�

テキスト�

T310


T311


RRC_CONNECTED


RRC_CONNECTED


RRC_IDLE


Active


Preservation


Active


Active


Active


Preservation


Active


Active


Release timer


GBR


Non-GBR


MME


eNB


GBR


Non-GBR


RRC


NAS


S1 release request


NAS recovery


RRC connection failure


Suitable cell found


RLF detected


UE context release


GBR timer


E-RAB release ind.


GBR radio bearer release


�

�

NW


UE


RLF detected


GBR release


GBR timer



_1311627572.vsd
�

�

�

テキスト�

T310


T311


RRC_CONNECTED


RRC_CONNECTED


IDLE


Active


Preserv.


Active


Active


Active


Active


Release timer


GBR


Non-GBR


MME


S-eNB


GBR


Non-GBR


RRC


NAS


NAS recovery


RRC connection failure


RLF detected


T312


GBR timer


RRC re-establishment request/ reject


�

�

NW


UE


RLF detected


T-eNB



_1311627547.vsd
�

�

�

テキスト�

RRC connection failure


Suitable cell found


RLF detected


UE context release


Active


T310


T311


RRC_CONNECTED


RRC_CONNECTED


RRC_IDLE


Active


Preservation


Active


Active


Preservation


�

�

Preservation


Active


Active


Release timer (implementation dependent)


GBR


Non-GBR


MME


eNB


GBR


Non-GBR


RRC


NAS


S1 release request


NAS recovery


NW


UE


RLF detected



