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1 Introduction

The present document discusses several open issues related to the recovery from a radio link failure including further details on the procedural aspects of this recovery. 

A text proposal to 36.331 covering the proposals summarized in the conclusions is provided. 
2 Discussion 
In case of radio link failure, independent of whether cell to which the UE returns to is the source or a target cell that has been prepared by the source, contention based random access will be used.
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Figure 1 Random Access
In case target cell has not been prepared and no context for the UE is available, the, UE will be “instructed” by the target eNB to go back to idle state.
In the following paragraphs we will discuss message sequences for cases where UE comes back to:

· Prepared cell (independent on whether the cell UE returns to is source or target cell we assume a unified procedure),
· Non-prepared cell. 
In both cases above, messages 1 and 2 are the RA preamble and RA response messages, respectively. The present discussion will focus on message 3 and onwards.
“Message 3”:

Looking at the above sequence, for the case of radio link failure recovery, it is still open what the “message 3” and its contents are. As described in Ref ‎[1],  this message conveys C-RNTI, physical layer cell ID and MAC-I (based on the keys), all related to the source cell where the radio link failure occurred. This is different from the initial access case and the content of RRC Connection Request, which is the message that is used for requesting a transition from RRC IDLE to RRC CONNECTED state. In case of a radio link failure, the UE is already in RRC Connected state. Through the recovery procedure, the RRC Connection need to be either resumed, or the UE needs to be “sent” to RRC IDLE.
Therefore we believe that “message 3” in case of RLF recovery should be a separate message and it is proposed to introduce a new message called e.g. “RRC Connection Re-establishment Request”. The updated RRC draft specification ‎[2] (subsection 5.2.x.1) includes a draft procedure called “Connection Reconfiguration Request”. In our text proposal below, we are using this procedure as the basis. 

However, the response to this RLF recovery procedure in ‎[2] is currently an RRC Connection Reconfiguration, which does not include the option to resolve the contention. Since the UE may request a connection re-establishment in a cell where it does not have a valid C-RNTI, it means that a solution for resolving contention on RRC level must be supported. Also in the case when the UE has a C-RNTI in the accessed cell, it may be uncertain if this C-RNTI is still valid. We therefore suggest that the contention resolution in response to the re-establishment request should be handled on the RRC level. 
Proposal 1: Introduce “RRC Connection Re-establishment Request” message to be sent as the first scheduled UL transmission (i.e. “message 3” of a contention based random access procedure) used for the case of radio link failure recovery. This message is to be sent unciphered on UL CCCH using RLC TM and SRB0.
Proposal 2: The content of the “RRC Connection Re-establishment Request” includes UE Identifier consisting of C-RNTI (16 bits), Physical layer cell ID (9 bits) and MAC-I (32 bits). The need for other information is FFS.
Proposal 3: For the case of Radio link failure recovery, contention resolution should be handled by RRC regardless which cell UE returns to.
“Message 4”:

For the initial access, “message 4” is used to resolve the contention and establish SRB’s (RRC Connection Setup). Since the previous proposal assumes contention resolution to be done in RRC, it is “message 4” that needs to carry the UE identity used to resolve the contention (as for the case of initial access). On the other hand, trying to re-use RRC Connection setup message that is used to establish SRBs and consecutively RRC connection for the scenario where UE has potentially already established RRC connection creates an inconsistency.  
In addition to contention resolution, “message 4” needs include the alternatives that cover the following scenarios:
· Possibility to resume the connection with the following options for the UE
a) Continue using the same configuration. This option is valid when eNB “accepted” the UE and its complete configuration basically indicates if the UE can start to use the connection without any modifications
b) Continue with reconfiguration. This option requires inclusion of the number of optional configurations of radio resources in “message 4” due to the need for reconfiguring the UE.
· Connection release for the case where e.g. target cell has not been prepared for the UE arrival.
“Message 4” is sent SRB0 (RLC-TM). In order to confirm that the reception of the message was successful, we need an uplink response message from the UE to the network that confirms the recovery of the RRC connection.  
Proposal 4: For the case of Radio link failure recovery, introduce RRC Connection Re-establishment message with a purpose to resolve the contention and resume the connection. The message should be sent on DL CCCH using RLC TM and SRB0.
Proposal 5: RRC Connection Re-establishment message resolves the contention and allows for the UE to resume connection without any further reconfiguration or, in case reconfiguration is seen as needed, includes necessary IEs (what IEs are allowed to be included in the message is for FFS).
Proposal 6: In response to RRC Connection Re-establishment message, introduce an RRC Connection Re-establishment Complete message.
[image: image1.emf] 

UE eNB

Random Access Preamble 1

Random Access Response 2

Scheduled Transmission 3

Contention Resolution

4

Based on the above, for the case where UE accesses the cell that has been prepared and no reconfiguration is needed, the sequence would look like following:
If eNB does not find the context matching the attempting UE, the RRC Connection release is initiated and UE goes back to IDLE. The sequence depicting this case is the following:
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Proposal 7: Introduce RRC Connection Re-establishment Reject message to be used e.g. in case of radio link failure recovery when target eNB does not “find” a valid UE context
Proposal 8: RRC Connection Re-establishment Reject message assumes release of the connection and UE moves to IDLE.
3 Conclusions

This contribution discusses the following proposals:

· Introduce “RRC Connection Re-establishment Request” message to be sent as the first scheduled UL transmission (i.e. “message 3” of a contention based random access procedure) used for the case of radio link failure recovery. This message is to be sent unciphered on UL CCCH using RLC TM and SRB0.

· The content of the “RRC Connection Re-establishment Request” includes UE Identifier consisting of C-RNTI (16 bits), Physical layer cell ID (9 bits) and MAC-I (32 bits). The need for other information is FFS.

· For the case of Radio link failure recovery, contention resolution should be handled by RRC regardless which cell UE returns to.

· For the case of Radio link failure recovery, introduce RRC Connection Re-establishment message with a purpose to resolve the contention and resume the connection. The message should be sent on DL CCCH using RLC TM and SRB0.

· RRC Connection Re-establishment message resolves the contention and allows for the UE to resume connection without any further reconfiguration or, in case reconfiguration is seen as needed, includes necessary IEs (what IEs are allowed to be included in the message is for FFS).

· In response to RRC Connection Re-establishment message, introduce an RRC Connection Re-establishment Complete message.

· Introduce RRC Connection Re-establishment Reject message to be used e.g. in case of radio link failure recovery when target eNB does not “find” a valid UE context

· RRC Connection Re-establishment Reject message assumes release of the connection and UE moves to IDLE.
We kindly ask RAN2 to agree to the above listed proposals. A text proposal covering the aspects above is found below. 
4 References

[1] 36.300, E-UTRA overall description, Stage 2.  
[2] 36.331 V032, Radio Resource Control (RRC), Draft specification available on the RAN2 mail reflector. 
5 Text proposal 
Modified Section
5.2.x
‘Connection re-establishment’

Editors note
The specification text is to a large extend similar to the one for the connection request. However, it is currently assumed that these procedures should not be merged
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Figure 5.2.4-1: RRC connection reconfiguration, successful
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Figure 5.2.4-2: RRC connection reconfiguration, failure

5.2.x.1
General

The purpose of this procedure is to request a re-establishment of the RRC connection. In response to the re-establishment request, E-UTRAN may accept the re-establishment of  the RRC connection, or the re-establishment may be rejected, at which the UE releases its RRC connection and goes to RRC_IDLE.   
A UE in RRC_CONNECTED may initiate the procedure after having detected radio link failure in order to continue the RRC connection either in the source or in another cell. The connection continuation succeeds only if the concerned cell is prepared. 
Contention resolution is performed in the response to RRC CONNECTION RE-ESTABLISHMENT REQUEST.
Editor of TP note: It is FFS if MAC contention resolution could be used if the UE has a valid C-RNTI in the cell in which the UE t tries to re-establish its RRC connection. However, RRC Contention Resolution will work independently if the UE has a valid C-RNTI in the cell or not. Therefore, this solution is developed as the base-line solution. Observe also that contention resolution is performed both in the successful- and failure-cases.  .  
Editors note
It is FFS how contention is performed upon reconnection following RL failure i.e. it is FFS if for this case the RRC CONNECTION RECONFIGURATION message includes a UE identity (and uses CCCH). Other alternatives are considered e.g. use of the RRC CONNECTION SETUP message to perform contention.
5.2.x.2
Initiation

The UE initiates the procedure when one of the following conditions is met:

1> After detecting radio link failure, in accordance with 5.5.x;
Prior to initiating the connection re-establishment request procedure, the UE performs the initial access procedure as specified in [TS 36.321, clause x.y.z].

Upon initiation of the procedure, the UE shall:

1>
Set counter V301 to 1; and

1> Initialise variable(s) XXX (FFS)

1>
Initiate transmission of the RRC CONNECTION RE-ESTABLISHMENT REQUEST message in accordance with 5.2.x.3;

1> Start a timer T301 when the lower layers indicate success to transmit the message

The UE behaviour upon failure to transmit the message is FFS.

5.2.x.3
Actions related to transmission of RRC CONNECTION RE-ESTABLISHMENT REQUEST message

The UE shall set the contents of RRC CONNECTION RE-ESTABLISHMENT REQUEST message as follows:

1>
Include the "Initial UE identity";

TP editor’s note: The naming “Initial UE identity” should possibly be changed, to distinguish this identity from the one used in RRC CONNECTION REQUEST. 

Editors note
Further clarification regarding the setting of the UE identity may need to be included in case there would be different options to set this IE. In the case of connection continuation following radio link failure, the UE shall include the C-RNTI used in the cell where radio link failure was detected + physical layer identity of that cell. 
TP editor’s note: Unless there are multiple options for the UE identity (we have not identified any), we see no reason to describe the identity selection here, but only in 6.2.x. 
1> Set the IE “Re-establishment request cause” as follows:

2> to ‘Connection continuation’ in case the procedure is used to continue the RRC connection after having detected radio link failure;

5.1.1.1 The UE shall submit the RRC CONNECTION RE-ESTABLISHMENT REQUEST message to lower layers for transmission on the uplink CCCH.
5.2.x.y
Reception of the RRC CONNECTION RE-ESTABLISHMENT by the UE

The UE shall:

1>
If the IE "Initial UE identity" is the same as the one the UE included in the RRC CONNECTION RE-ESTABLISHMENT REQUEST message:
2> stop timer T301;
2> If timer T311 is running:

3> Stop timer T311; 

2> Consider the RRC Connection recovery successful; 
2 > Submit an RRC CONNECTION RE-ESTABLISHMENT COMPLETE message to the lower layers on the uplink DCCH;

 TP editor’s note: Detailed contents of the messages tbs.   
TP editor’s note: Details of the resumption of security and user-plane is FFS. It is FFS what reconfiguration IEs are allowed in the RRC connection re-establishment message.  
To be completed. 
5.2.x.z
Reception of the RRC CONNECTION RE-ESTABLISHMENT REJECT by the UE

 The UE shall:

1>
If the IE "Initial UE identity" is the same as the one the UE included in the RRC CONNECTION RE-ESTABLISHMENT REQUEST message:
2> stop timer T301;
2> If timer T311 is running:

3> Stop T311; 
2> move to RRC_IDLE and perform the actions related to this state change in accordance with 5.5.1;

2> indicate the release of the signalling connection and the established EPS bearers to upper layers;
To be completed

5.2.x.4
Cell re-selection or T301 timeout

The UE shall:

1>
if cell re-selection occurs while timer T301 is running or
1> if timer T301 expires:
2> perform the RRC connection re-establishment  request retry procedure as specified in 5.2.x.5;

5.2.x.5
RRC connection re-establishment request retry
The UE shall:

1>
if V301 is equal to or smaller than N301:

2>
transmit a new RRC CONNECTION RE-ESTABLISHMENT REQUEST message in accordance with 5.2.x.3;

2>
increment counter V301;

2>
restart timer T301 when the MAC layer indicates success to transmit the message.

1>
Otherwise:

2>
stop timer T311;
2> move to RRC_IDLE and perform the actions related to this state changes in accordance with 5.5.1;
2>
indicate the release of the signalling connection and the established EPS bearers to upper layers;
Editors note
It is up to upper layers to take further action. To facilitate this, the cause of the release may need to be indicated to upper layers.
Next Modified Section
5.5.x.3
Re-entry of service area while T311 is running

Upon re-entry of the service area while T311 was running, the UE shall:

1> Initiate the Connection re-establishment procedure as specified in 5.2.x;

NOTE
This procedure applies also if the UE returns to the source cell

5.5.x.4
T311 expiry

Upon T311 expiry, the UE shall:

1> Enter idle mode;
1>
Indicate the release of the signalling connection and the established EPS bearers to upper layers;

Editors note
It is up to upper layers to take further action. To facilitate this, the cause of the release may need to be indicated to upper layers.
Next Modified Section 
6.2.x
RRC CONNECTION RE-ESTABLISHMENT REQUEST

Description:  Request to re-establish an RRC connection, aiming to trigger an RRC CONNECTION RE-ESTABLSHMENT   

Signalling radio bearer: SRB 0


RLC-SAP: TM


Logical channel: CCCH

Direction: UE -> E-UTRAN

	Name
	Need
	Multi
	Type/ reference
	Semantics description
	Ver

	Message Type
	MP
	
	<ref>
	
	

	Initial UE identity
	MP
	
	<ref>
	(C-RNTI used in the cell where radio link failure was detected + physical layer identity of that cell)
	

	Reconfiguration request cause
	MP
	
	Enumerated ( Connection continuation)
	Connection continuation is used upon radio link failure
	


It if FFS if additional information needs to be included e.g. if the UE identity is sufficiently unique to perform contention resolution.
6.2.y
RRC CONNECTION RE-ESTABLISHMENT
Message used to resolve contention and to accept the RRC connection of a UE

Signalling radio bearer: SRB 0


RLC-SAP: TM


Logical channel: CCCH


Direction: E-UTRAN -> UE

	Name
	Need
	Multi
	Type/ reference
	Semantics description
	Ver

	Message Type
	MP
	
	<ref>
	
	

	Initial UE identity
	MP
	
	<ref>
	
	

	
	
	
	
	
	


6.2.z
RRC CONNECTION RE-ESTABLISHMENT COMPLETE
Message used to confirm the re-establishment of the RRC connection 


Signalling radio bearer: SRB 1

RLC-SAP: AM

Logical channel: DCCH


Direction: UE -> E-UTRAN
	Name
	Need
	Multi
	Type/ reference
	Semantics description
	Ver

	Message Type
	MP
	
	<ref>
	
	

	 FFS
	 
	
	 
	
	

	 
	 
	
	 
	 
	


6.2.a
RRC CONNECTION RE-ESTABLISHMENT REJECT
Message used to resolve contention and to reject the RRC connection of a UE


Signalling radio bearer: SRB 0


RLC-SAP: TM


Logical channel: CCCH


Direction: E-UTRAN -> UE

	Name
	Need
	Multi
	Type/ reference
	Semantics description
	Ver

	Message Type
	MP
	
	<ref>
	
	

	Initial UE identity
	MP
	
	<ref>
	
	

	Rejection cause
	MP
	
	Enumerated (FFS)
	Cause of the re-establishment rejection
	


Next Modified Section 
7
Variables and constants

7.1
UE variables
7.2
Counters

	Counter
	Reset
	Incremented
	When reaching max value

	V300
	When initiating the procedure RRC connection establishment 
	Upon expiry of T300.
	When V300 > N300, the UE enters idle mode.

	V301
	When initiating the procedure RRC connection re-establishment
	Upon expiry of T301
	When V301 > N301, the UE enters idle mode.

	
	
	
	


7.3
Timers

	Timer
	Start
	Stop
	At expiry

	T300
	Transmission of RRC CONNECTION REQUEST
	Reception of RRC CONNECTION SETUP with the IE "Initial UE identity" equal to the IE that the UE included in the RRC CONNECTION REQUEST message
	Retransmit RRC CONNECTION REQUEST if V300 =< N300, else go to Idle mode

	T301
	Transmission of RRC CONNECTION RE-ESTABLISHMENT REQUEST
	Reception of RRC CONNECTION RE-ESTABLISHMENT or  RRC CONNECTION RE-ESTABLISHMENT REJECT with the IE "Initial UE identity" equal to the IE that the UE included in the RRC CONNECTION RE-ESTABLISHMENT REQUEST message
	Retransmit RRC CONNECTION RE-ESTABLISHMENT REQUEST if V301 =< N301, else go to Idle mode

	T310
	Upon detection of radio link problems
	Upon recovery from radio link problems
	Start of T311

	T311
	Upon T310 expiry 
	Reception of RRC CONNECTION RE-ESTABLISHMENT or RRC CONNECTION RE-ESTABLISHMENT REJECT with the IE "Initial UE identity" equal to the IE that the UE included in the RRC CONNECTION RE-ESTABLISHMENT REQUEST message
	Go to Idle mode

	
	
	
	


7.4
Constants

	Constant
	Usage

	N300
	Maximum number of retransmissions of the RRC CONNECTION REQUEST message 

	N301
	Maximum number of retransmissions of the RRC CONNECTION RE-ESTABLISHMENT REQUEST message
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