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1
Introduction

In previous meeting, the two-phased procedure of radio link failure was agreed. In the agreed approach, the first phase is characterized by NW controlled mobility whereas UE based mobility control is used for the second phase. This contribution is intended for further discussion and possible agreements on open issues related to the connection re-establishment.
2
Current agreed Connection Re-establishment 
The following is the current agreed procedure of connection re-establishment. 

10.1.6
Radio Link Failure

Two phases governs the behaviour associated to radio link failure as shown on Figure 10.1.6:

-
First phase:

-
started upon radio problem detection;

-
leads to radio link failure detection;

-
no UE-based mobility;

-
based on timer or other (e.g. counting) criteria (T1).

-
Second Phase:

-
started upon radio link failure detection;

-
leads to RRC_IDLE;

-
UE-based mobility;

-
Timer based (T2).
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Figure 10.1.6: Radio Link Failure

Table 10.1.6 below describes how mobility is handled with respect to radio link failure:

Table 10.1.6: Mobility and Radio Link Failure

	Cases
	First Phase
	Second Phase
	T2 expired

	UE returns to the same cell
	Continue as if no radio problems occurred
	Activity cannot be resumed without interaction between UE and eNB

Procedure to be used is FFS

Normally not  via RRC_IDLE
	Go via RRC_IDLE

	UE selects a different cell from the same eNB
	N/A
	FFS
	Go via RRC_IDLE

	UE selects a cell of a different eNB
	N/A
	Go via RRC_IDLE
	Go via RRC_IDLE


3
Issues related to current agreed RLF procedures

The following are some issues related to the re-establishment procedure:
· Separate re-establishment procedures are needed for intra and inter-eNB case?

· When considering a connection re-establishment procedure which is suitable for all three cases listed in the Table 10.1.6, one should consider the impact on the connection re-establishment to core network equipment such as MME and UPE. Radio link failure should not occur frequently in a well planned network, but even when it does occur, it should be possible to limit its impact to the RAN side as much as possible. For the case of inter eNB connection re-establishment, the SAE bearer information is not available at the new eNB and hence the new eNB has to contact MME/UPE for SAE bearer information. On the other hand, for the case of intra eNB connection re-establishment, it should be possible to avoid contacting the MME/UPE for SAE bearer information but instead eNB can search for the previously stored information in the eNB buffer. To do that, UE shall provide sufficient information to eNB for the context search (e.g. some ID similar to S-RNTI
 in UTRAN or possibly TMSI)
· Conclusion: LTE connection re-establishment procedures should minimize its impact on CN. For intra-eNB connection re-establishment case, the procedure should allow a minimum or no impact to MME/UPE. 

· For inter-eNB connection re-establishment, from which node the new eNB should fetch SAE bearer info?

· When the new eNB receives the connection re-establishment request from UE, it should download SAE bearer information either from the old serving eNB or MME/UPE of the corresponding UE. In order to download from old serving eNB of the UE, the new eNB should be able to identify the contact address of old serving eNB. One way would be storing all neighbouring eNB contact IP addresses which would increase the burden of network deployment. Another way would be allowing the new eNB to contact the MME which stores all contact addresses of neighbouring eNB. Contacting MME for contact address could reduce the burden of storing neighbouring eNB contact addresses at eNB site. However comparing with the option of downloading SAE bearer information directly from MME/UPE, both alternatives of downloading from the old serving eNB seem to have no clear advantages. Once UE can detect a new cell, then it establishes the RRC connection with new eNB. And then UE sends the service request to re-activate the PDP context in CN.
· Conclusion: For inter-eNB connection re-establishment case, 
· the new eNB should fetch SAE bearer information from MME/UPE instead of old serving eNB.
· the UE initiates the connection re-establishment by using the Service Request (Service Type = Data) message.
· Until when the old serving eNB should keep UE context?
· When eNB detects the RLF, then it should decide when to clear the UE context (such as SAE bearer information) for the troubled UE. From the table 10.1.6, the eNB should be able to continue the normal operation if the UE returns to the same cell before the end of first phase therefore it should keep the UE context until the first phase expires. After expiration of T2 (timer for the second phase), UE must have cleared the RRC context because it has been already transited to LTE_IDLE state. Hence, it would be possible eNB to clear the UE context at the expiration of T2 timer. However, when UE returns the same eNB after T2 expiration and eNB already cleared the UE context, it should contact again MME/UPE in order to download the SAE bearer information. To avoid such a CN impact on RLF, it could be possible for eNB to keep the UE context even long after T2 expiration. When UE is connected to different eNB, the old eNB can clear the UE context based on the indication from MME/UPE. 
· Conclusion: eNB can keep the CN related UE context even after T2 expiration in order to limit the CN impact on RLF. During connection re-establishment to the same eNB, it can use the stored UE context instead of downloading from MME/UPE. When UE is connected to different eNB, the old eNB can clear the UE context based on MME/UPE indication.
· When to reset HARQ buffers at old serving cell
· In case when UE returns to the same cell after a short period of radio link failure, it may be argued that HARQ procedure should be continued smoothly before and after radio link failure. For radio bearers like VoIP, however, the delay requirement is too tight that the continuation of such HARQ process would not help user experience much anyway. For non-real-time traffic, the delay requirement is less tight but the gain of radio efficiency would not be so much. Comparing the TTI of 1 msec and possibly much longer period of RLF, at least few hundreds msec, the radio gain of continuing HARQ before and after RLF would not be so much. So it would be preferable to reset the HARQ buffer just after radio link failure and to freshly restart after the radio link recovery.
· Conclusion: UE and eNB shall reset HARQ buffers after detection of radio link failure or T1 expires.
· When to reset ARQ buffers at old serving cell
· Likewise HARQ buffer, the ARQ buffer (or ARQ context) has to be cleared sometimes after the detection of radio link failure. Simply the serving eNB could clear the ARQ buffer at the same time of HARQ buffer, that is at the beginning of first stage. However this could result in more radio resource waste than resetting HARQ buffer hence eNB could wait a little longer to clear ARQ buffer. For the case when UE is connected to a new eNB, the old eNB could clear the ARQ buffer upon indication from MME/UPE to release the UE context. When there is no CN originated signalling to release UE context, (the UE entering a local coverage hole, e.g. elevator), it would might be still useful if eNB to keep the ARQ buffers of radio link failed UE at least few tens of seconds. However, this hold time would be also depends on the property of radio bearers, i.e. VoIP packets may not needed to be stored so long time. And TCP would trigger the retransmission anyway in that case hence transmitted old packets would be waste of radio resource. Therefore, to make a procedure simple and clear, it would be sufficient for eNB to hold the ARQ buffer until the T2 expires (just before transition to RRC_IDLE).
· Conclusion: UE and eNB shall reset ARQ buffers as soon as T2 expires (at the end of second stage).
4
Conclusions

In this contribution, we have listed several open issues related to the connection re-establishment procedure. It is proposed to discuss and agree on following proposals:
· LTE connection re-establishment procedures should minimize its impact on CN. For intra-eNB connection re-establishment case, the procedure should allow a minimum or no impact to MME/UPE.
· For inter-eNB connection re-establishment case, 
· the new eNB should fetch SAE bearer information from MME/UPE instead of old serving eNB.
· the UE initiates the connection re-establishment by using the Service Request (Service Type = Data) message.
· eNB can keep the CN related UE context even after T2 expiration in order to limit the CN impact on RLF. During connection re-establishment to the same eNB, it can use the stored UE context instead of downloading from MME/UPE.
· When UE is connected to different eNB, the old eNB can clear the UE context based on MME/UPE indication.
· UE and eNB shall reset HARQ buffers after detection of radio link failure or T1 expires.
· UE and eNB shall reset ARQ buffers as soon as T2 expires (at the end of second stage).
� S-RNTI can be defined as CELL ID and C-RNTI so that the UE can be uniquely identifiable within a eNB.
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