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1. Introduction
RAN2 is discussing RLF handling at the relay node, and it was decided that Relay RLF should be handled, though not necessarily in an optimized manner.

Further, the following open issues were identified.
3) When RLF happens on Un, the RN is assumed to switch to a radio configuration without Un subframe limitation and perform a normal contention RACH.

4) After the re-establishment, a  RN subframe configuration will have to be configured again

5) Probably the RN could reselect another DeNB cell (preconfigured) after having gone to IDLE (can really not re-establish), and start from scratch. But should the RN also be able to try re-establishment on another cell (should probably only be same DeNB) ?
In this paper, 
(a) We make proposals regarding these open issues, and also some other issues discussed in RAN2#69bis where the group nearly had consensus but no agreements were formally made.
(b) Regarding re-establishment, NAS recovery, and Attach as methods of RLF recovery, our overall proposal is

	
	Same DeNB
	Other DeNB

	Re-establishment
	No (or FFS)
	No

	NAS recovery
	Yes
	No

	Attach
	Yes
	Yes


On the particular issues in the proposed agenda for RAN2#70, our positions are as follows

In RAN2#69b we agreed RN RLF should be possible to handle, however details were not agreed. E.g. is RN expected to switch to a configuration with no Un subframe limitations during contention RACH ? [Yes] Can RN reselect to another (preconfigured) cell before RRC re-establishment [Same DeNB only], or only after having gone to IDLE (NAS recovery [Same DeNB only]). What happens at/after the re-establishment procedure e.g. with the Un subframe configuration [Is lost, and reconfigured subsequently by DeNB]? In general, is the RN expected to be long time in IDLE (paging support) [No]?
2. RLF and Re-establishment Procedures
2.1 Declaration of RLF at Relay
Though the relay node is assumed to have less challenging radio environment than a UE, there still may be radio problems at the relay node based on changes in propagation, interference and deployment. For example, the propagation conditions may change due to passing vehicles, the interference conditions may change due to network loading and the deployment conditions may change base stations and frequencies are dynamically turned on/off for capacity.
Also, it is desirable to keep Rel-8/9 methods for RLF decleration unless there is a real need for change, and there was significant support for this view in RAN2 in RAN2#69bis. It is hence proposed that the following is recognized:
Proposal 1: T310/N310/N311 procedures for RLF declaration at relay should be the same as in Rel-8/9
2.2 Configuration of T311 for Relay

In [1], it was argued that the re-establishment procedure need not be supported by relays because it does not provide sufficient benefits over NAS recovery procedure. However, there was not enough support in RAN2#69bis to remove the re-establishment procedure for relays.

The re-establishment process is controlled by T311, and the allowed values are the following
ms1000, ms3000, ms5000, ms10000, ms15000, ms20000, ms30000

With these values, both the DeNB and the RN have to support the reestablishment procedure, and there is no option to go directly to NAS recovery. To give the system this option, we propose to allow an additional value of ms0 for T311.

Proposal 2: If Re-establishment for the Un interface is supported by the specification, the value 0 milliseconds should also be supported for T311, so that the network can possibly be configured to not support Re-establishment.
2.3 Restrictions on Re-establishment target cell

It was discussed in RAN2#69bis whether re-establishment can be successful in a DeNB different from the one where the RN was previously connected. There was some consensus that this re-establishment cannot be successful. This is in line with the Rel-8 procedre where re-establishment is successful at only prepared eNBs, and we note that eNB preparation and mobility are not supported for relay nodes.
Proposal 3a: Re-establishment for RN is not expected to be successful at an eNB that is different from the DeNB the relay was originally connected to.
Proposal 3b: RN should not attempt re-establishment at a cell that is known to be from another DeNB. (May be left to RN implementation)
2.4 RN behavior during Re-establishment
2.4.1 RACH Options

RLF recovery in Rel-8 involves a contention based RACH procedure on the cell selected by the UE for recovery. For a RN also, RLF recovery will involve a RACH procedure. It has to be decded if this RACH procedure uses a Uu RACH procedure of a Rel-8/9 variety, or if it uses a RACH procedure that relies on R-PDCCH and Un interface type configuration.

The two options are compared in the table below
	
	Rel-8/9 RACH
	RACH on Un (using R-PDCCH)
	Comments

	Selection of target cell
	Any cell possible
	Only old serving DeNB possible
	Given that re-establishment to another DeNB does not work, the only difference is that Rel-8/9 method has an advantage in case of recovery at other cell of same DeNB

	Operation of Uu interface under RN while re-establishment is ongoing
	Some subframes on Uu may be lost 
	All Uu subframes should be preserved
	While doing re-establishment, there is no backhaul available to the relay for useful data transfer, hence exchange of packets over Uu is not that important.

	Reuse of Rel-8 procedures
	Yes
	Some modifications needed for using R-PDCCH linked RACH
	


Based on the table above, we feel that the Rel-8/9 based RACH and re-establishemnt procedure should be selected for RN.

Proposal 4a: If Re-establishment is supported over the Un interface, it will follow the same procedures as the Uu interface in Rel-8/9. 
Proposal 4b: If Re-establishment is supported over the Un interface, the Un interface configuration will be provided to the RN after successful re-establishment through RRC signalling. 

2.4.1 X2/S1 Interface Status

Further, re-establishemnt can be looked upon as an access stratum procedure that does not affect the X2/S1 processes which act somewhat like applications residing above the access stratum. Thus, it is reasonable to assume that the X2 and S1 state machines are not affected at all by the re-establishment process.
Proposal 5: X2 and S1 state machines are not aware of the RLF event and are unaffected when re-establishment is successful.
2.5 Need for support of re-establishment procedure

In [1], we argued that re-establishment adds some complexity the the relay implementation, and it is sufficient to rely on NAS recovery (this can prevent having two solutions to the same problem of RLF recovery). However, there was no consensus on this view. Hence, we propose that
Proposal 6: RAN2 should further discuss the details of re-establishment procedure for Un interface, and keep open the possibility of not supporting re-establishment for RN.
Details of why re-establishment may not be necessary at RN are in the Annex.
3. RN behavior after T311 expiry (NAS Recovery)
In Rel-8/9, the UE uses NAS recovery (with service request or TAU) to regain service after T311 expiry. NAS recovery by UE has the following characteristics

· RAN forgets all UE related context, and the context is obtained from the CN again. 
· The UE forgets the RRC configuration, and only remembers NAS and other higher layer configuration (e.g. IP addresses, SIP sessions etc)
· The UE can initiate NAS recovery at any suitable cell (not limited to previous serving eNB)

NAS recovery for UE is a mobility related procedure. However, it is recognized that mobility for relays is not a design priority in Rel-10. One of the potential complexities involves S1/X2 context that is maintained at the DeNB. Given the proxy function in the DeNB, the RN can connect to a DeNB only if one of the following happens

· All the proxy context is transferred from source to target

· This choice is not within scope of the work item as it relates to optimized mobility

·  The proxy context is recreated at the new DeNB

· This will involve the release and reconnection of all UEs connected under the relay, as that is the only way for the new DeNB to obtain all the UE context and be able to serve as the S1 proxy. 

Given that NAS recovery at a different DeNB will be unable to preserve the UE connections for UEs served by the relay, it does not seem to bring much value. Hence, we propose to exclude this from the specification work. We already proposed that re-establishment at a new DeNB is not needed. Thus, we can have only one way that a new DeNB can see the appearance of a relay: Attach (and not re-establishment or NAS recovery).
Proposal 7a: If the RN connects to a different DeNB after RLF, it will use Attach as a method of recovery (and not re-establishment or NAS recovery).
NAS recovery at previous serving DeNB is a simpler use case, where the S1/X2 states should be possible to reuse, just as for re-establishment. It can be expected that S1/X2 interfaces implement their own timers to restart based on loss of connectivity. Also, the OAM configuration of the relay should not change when RN connects to the same DeNB as part of NAS recovery. 
Proposal 7b: NAS recovery by RN at a DeNB same as the previously serving DeNB will be supported.
Note that the above proposal does not imply that the RN supports Idle Mode (i.e. procedures such as paging, reselection etc). For selecting the DeNB for NAS recovery, the RN can use very similar procedures as used for initial RACH to connect to DeNB.
4. Conclusions
The following proposals were made:

Proposal 1: T310/N310/N311 procedures for RLF declaration at relay should be the same as in Rel-8/9

Proposal 2: If Re-establishment for the Un interface is supported by the specification, the value 0 milliseconds should also be supported for T311, so that the network can possibly be configured to not support Re-establishment.

Proposal 3a: Re-establishment for RN is not expected to be successful at an eNB that is different from the DeNB the relay was originally connected to.

Proposal 3b: RN should not attempt re-establishment at a cell that is known to be from another DeNB. (May be left to RN implementation)

Proposal 4a: If Re-establishment is supported over the Un interface, it will follow the same procedures as the Uu interface in Rel-8/9. 

Proposal 4b: If Re-establishment is supported over the Un interface, the Un interface configuration will be provided to the RN after successful re-establishment through RRC signalling. 

Proposal 5: X2 and S1 state machines are not aware of the RLF event and are unaffected when re-establishment is successful.

Proposal 6: RAN2 should further discuss the details of re-establishment procedure for Un interface, and keep open the possibility of not supporting re-establishment for RN.

Proposal 7a: If the RN connects to a different DeNB after RLF, it will use Attach as a method of recovery (and not re-establishment or NAS recovery).
Proposal 7b: NAS recovery by RN at a DeNB same as the previously serving DeNB will be supported.
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Annex: Motivations for not supporting re-establishment
 There are three potential methods of RLF handling at the Relay, and are compared in the following table.

1. RRC Reestablishment

2. NAS Recovery

3. Attach

	RLF Handling Method
	RRC Re-establishment
	NAS Recovery
	Attach
	Comments

	NAS layer procedure
	None
	ServiceRequest
	Attach
	All procedures are as defined in Rel-8/9

	RRC layer procedure
	RRC Re-establishment
	RRC Connection Request
	RRC Connection Request
	All procedures are as defined in Rel-8/9

	Speed of recovery
	Fast
	Somewhat slower than Re-establishment
	Slow (need to redo OAM and security)
	Need to keep in mind that RLF is not common

	Need to transition to Uu interface
	Yes
	Yes
	Yes
	If using RRC Connection Request, relay will access DeNB as UE (Uu interface) and transition to Un interface with RRC procedures. These procedures should be same in NAS recovery or Attach based solutions.

	Ability to preserve OAM and security context of Relay
	Yes
	Yes
	No
	OAM configuration can take a long time, and it is desirable to preserve it.

	Ability to preserve Un bearer state at DeNB 
	Yes
	Yes for same DeNB

No for other DeNB
	No
	This is not relevant given that the UEs under relay could be removed after RLF, and most of the Un bearer state relates to these UEs

	Ability to succeed at some other eNB
	No
	Depends on functions desired
	Yes
	NAS recovery can succeed at another DeNB only if all UEs under relay reconnect.


Based on the above observations, we view that NAS recovery should be adopted for RLF recovery at relay (applicable only at same DeNB). The main motivation is to preserve the security and OAM configuration of the relay. Support for re-establishment seems unnecessary given that optimized RLF recovery methods are not needed, and having two solutions for the same problem is unnecessary.

































































































































































































































