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1
Introduction
When a radio link failure (RLF) occurs, it is currently agreed that only when the UE returns to the same cell, activity can be resumed and the UE does not need to go via RRC_IDLE [1]. Since RLF can always happen in early deployments and/or in some localized but tricky cases (e.g. tunnels) [2], and even though the occurrence of RLF can be limited to a large extent through network planning and parameter optimisations (e.g. time to trigger), problematic cases can always happen and it is important to avoid going through RRC_IDLE whenever possible to limit interruption time and loss of data. In this contribution, a method is provided for limiting the effect of RLF in E-UTRAN.
2
Prepared eNB
A prepared eNB refers to an eNB which has a context for a UE (keying material for security, RRC context, SAE bearer context, S1 context reference…) and is therefore ready to communicate with that UE. When a RLF occurs, the UE starts mobility procedures and selects a new cell. This new cell belongs to a prepared eNB when:

-
It belongs to the same eNB where the RLF occurred [4]; or

-
It belongs to an eNB which has accepted the admission of this UE in a previously executed HO preparation [5].

By having the possibility of preparing multiple eNBs in the HO preparation phase [3], the likelihood of having the UE selecting a non-prepared eNB upon RLF is very low. In other words, when an RLF occurs, the UE is almost guaranteed to select a prepared eNB, either because the cell belongs to the same eNB where the RLF took place, or because the cell belongs to one of the multiple eNBs which were prepared during a HO preparation phase.

When it happens, and because the selected cell already has all the necessary information it needs to communicate with the UE, it is proposed to avoid going through RRC_IDLE to limit interruption time and loss of data.

Proposal 1: the UE does not need to go via RRC_IDLE when it selects a cell belonging to a prepared eNB after RLF.

3
RLF Recovery
When a RLF is detected by the UE, it starts mobility procedures i.e. cell reselection. Once it selects a cell, the UE sends its identity to the eNB for contention resolution [1] and through that identity, the eNB which manages the cell (i.e. selected eNB) can detect if it has been prepared for that UE or not. If the eNB is prepared for that UE, the UE does not need to go via RRC_IDLE. 

Going further into details this means that:

- 
The UE identifier needed to perform contention resolution after RLF (i.e. NAS UE identifier or C‑RNTI+MAC‑I - FFS), is also used by the selected eNB to check whether it has a context stored for that UE or not; 

-
When preparing a handover, the source eNB sends to the target eNB(s) the identifier of the UE for which a handover is requested (i.e. NAS UE identifier or C-RNTI in the source eNB - FFS). It will allow the prepared eNB to identify the UE upon the random access procedure.

-
If the selected eNB is prepared i.e. if it finds a context that matches the identity of the UE, it indicates to that UE that the connection can be resumed;

-
If the context is not found, RRC connection is released and UE initiates procedure to establish new RRC connection.

From eNB viewpoint, it should be left as an implementation issue to determine how long an RRC context should be kept. From UE point of view this is a rather simple procedure: upon RLF, the context is kept until a new cell is selected. After an access procedure, it is the eNB which tells to the UE whether the connection can be resumed or the connection shall be released and re-established. 
Proposal 2: when preparing the handover, the source eNB sends to the target eNB(s) the identifier of the UE for which a handover is requested (i.e. NAS UE identifier or C-RNTI in the source eNB - FFS).

Proposal 3: the UE identifier needed to perform contention resolution after RLF (i.e. NAS UE identifier or C-RNTI+MAC-I - FFS), is used by the selected eNB to check whether it has a context stored for that UE or not.

4
NAS Handling
Although it is not entirely clear yet how NAS signalling is handled at connection establishment, step 3 of the random access procedure, at normal connection establishment, is likely to contain a NAS service request. At RLF recovery, a NAS service request should not be sent by the UE in order to hide the RLF from NAS and achieve a clean split between NAS and AS.

NOTE: 
If the UE issued an RRC Connection Request with an accompanying NAS Service Request and the prepared eNB responded that the UE should resume with its old context, what would happen to the outstanding NAS message? Should it be forwarded to the MME or discarded at the eNB? Would that require the capability of reading NAS messages at the eNB? Would some inter-layer communication be required at the UE side?

In the very rare case where the UE would select a non-prepared eNB, an additional step may be required to send the NAS service request. But since it is expected that the bulk of the failures can be recovered with existing UE contexts in prepared eNBs, the cases where the extra round-trip would appear should be extremely rare and therefore negligible.

Proposal 4: after RLF, step 3 of the random access procedure does not include any NAS signalling.

5
Conclusion
This contribution has presented a mechanism to minimise interruption and data loss when RLF occurs:
Proposal 1: the UE does not need to go via RRC_IDLE when it selects a cell belonging to a prepared eNB after RLF.

Proposal 2: when preparing the handover, the source eNB sends to the target eNB(s) the identifier of the UE for which a handover is requested (i.e. NAS UE identifier or C-RNTI in the source eNB - FFS).

Proposal 3: the UE identifier needed to perform contention resolution after RLF (i.e. NAS UE identifier or C-RNTI+MAC-I - FFS), is used by the selected eNB to check whether it has a context stored for that UE or not.

Proposal 4: after RLF, step 3 of the random access procedure does not include any NAS signalling.
A corresponding update to the Stage 2 [1] is proposed below.

~ Beginning of Text Proposal ~
10.1.2.1.1
C-plane handling

The HO procedure is performed without EPC involvement, i.e. preparation messages are directly exchanged between the eNBs. The release of the resources at the source side during the HO completion phase is triggered by the eNB. The figure below depicts the basic handover scenario where neither MME nor SAE Gateway changes:


[image: image1.emf]Legend

packet data

packet data

packet data

 UL allocation

2. Measurement Reports

3. HO decision

4. Handover Request

5. Admission Control

6. Handover Request Ack

7. Handover Command

DL allocation

DL Data Forwarding

10. Handover Confirm

13. Release Resource

11. Handover Complete

UE Source eNB Target eNB MME/SAE Gateway

Detach from old cell and 

synchronize to new cell

Deliver buffered and in transit 

packets to target eNB

Buffer packets from 

Source eNB

8. Synchronisation

9. UL allocation + TA for UE

packet data

DL Data Forwarding

Flush DL buffer, 

continue delivering in-

transit packets

Path Switching

packet data

L3 signalling

L1/L2 signalling

User Data

0. Area Restriction Provided

1. Measurement Control

12. Handover Complete Ack

14. Release 

Resources

H

a

n

d

o

v

e

r

 

C

o

m

p

l

e

t

i

o

n

H

a

n

d

o

v

e

r

 

E

x

e

c

u

t

i

o

n

H

a

n

d

o

v

e

r

 

P

r

e

p

a

r

a

t

i

o

n


Figure 10.1.2.1: Intra-MME/SAE Gateway HO

Below is a more detailed description of the intra-MME/SAE Gateway HO procedure:

0
The UE context within the source eNB contains information regarding roaming restrictions which where provided either at connection establishment or at the last TA update.

1
The source eNB configures the UE measurement procedures according to the area restriction information. Measurements provided by the source eNB may assist the function controlling the UE's connection mobility.

2
UE is triggered to send MEASUREMENT REPORT by the rules set by i.e. system information, specification etc. 

3
Source eNB makes decision based on MEASUREMENT REPORT and RRM information to hand off UE.

4
The source eNB issues a HANDOVER REQUEST message to the target eNB passing necessary information to prepare the HO at the target side (UE X2 signalling context reference at source eNB, UE S1 EPC signalling context reference, target cell ID, RRC context, SAE bearer context, NAS UE identifier or C-RNTI of the UE in the source eNB - FFS). UE X2 / UE S1 signalling references enable the target eNB to address the source eNB and the EPC. The SAE bearer context includes necessary RNL and TNL addressing information.  QoS profiles of the SAE bearers and possibly the AS configurations of these bearers are FFS.

5
Admission Control may be performed by the target eNB dependent on the received SAE bearer QoS information to increase the likelihood of a successful HO, if the resources can be granted by target eNB. The target eNB configures the required resources according to the received SAE bearer QoS information and reserves a C-RNTI.
6
Target eNB prepares HO with L1/L2 and sends the HANDOVER REQUEST ACKNOWLEDGE to the source eNB. The HANDOVER REQUEST ACKNOWLEDGE message includes a transparent container to be sent to the UE as part of the Handover Command. The container may include new C-RNTI, possibly some other parameters i.e. access parameters, SIBs, etc. The HANDOVER REQUEST ACKNOWLEDGE message may also include RNL/TNL information for the forwarding tunnels, if necessary.

Steps 7 to 13 provide means to avoid data loss during HO and are further detailed in 10.1.2.1.2 and 10.1.2.3.

7
The source eNB generates the HANDOVER COMMAND (RRC message) towards the UE. The HANDOVER COMMAND includes the transparent container, which has been received from the target eNB. The source eNodeB performs the necessary integrity protection and ciphering of the message. The UE receives the HANDOVER COMMAND with necessary parameters (i.e. new C-RNTI, possible starting time, target eNB SIBs etc) and is commanded by the source eNB to perform the HO. It is probable that UE needs to acknowledge reception of the HANDOVER COMMAND with RLC acknowledgment procedure.

8
After expiry of starting time in HANDOVER COMMAND, UE performs synchronisation to target eNB and then starts acquiring UL timing advance. 

9
Network responds with UL allocation and timing advance. 

10
When the UE has successfully accessed the target cell, the UE sends the HANDOVER CONFIRM message (C-RNTI) to the target eNB to indicate that the handover procedure is completed for the UE. The target eNB verifies the C-RNTI sent in the HANDOVER CONFIRM message.

11
The EPC is informed that the UE has changed cell. The UPE switches the downlink data path to the target side and can release any U-plane/TNL resources towards the source eNB.  

12
The EPC confirms the HANDOVER COMPLETE message with the HANDOVER COMPLETE ACK message.

13
By sending RELEASE RESOURCE the target eNB informs success of HO to source eNB and triggers the release of resources. The timing for the target eNB to send this message between steps 10 and 12 is FFS. 

14
Upon reception of the RELEASE RESOURCE message, the source eNB can release radio and C-plane related resources associated to the UE context. 

NOTE:
Details on updating of roaming/area restriction information within E-UTRAN in the course of the HO procedure are FFS

~ Next Modified Section ~

10.1.5.1
Contention based random access procedure
The contention based random access procedure is outlined on Figure 10.1.5.1-1 below:
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Figure 10.1.5.1-1: Contention based Random Access Procedure
The four steps of the contention based random access procedures are:

1)
Random Access Preamble on RACH in uplink: 

-
6 bits to carry: a 5 bit random ID, and 1 bit to indicate information on size of message 3 or requested resource blocks (FFS) limited by radio conditions. The groups of signatures that are used for indicating the 1 bit information, as well as necessary thresholds are broadcast on system information.

NOTE:
the total number of bits is 5 for TDD Frame Structure Type II.

2)
Random Access Response on DL-SCH:

-
Semi-synchronous (within a flexible window of which the size is one or more TTI) with message 1;

-
No HARQ;

-
Addressed to RA-RNTI on L1/L2 control channel;

-
Conveys at least RA-preamble identifier, Timing Alignment information, initial UL grant and assignment of Temporary C-RNTI (which may or may not be made permanent upon RRC Contention Resolution);

-
Intended for one or multiple UEs in one DL-SCH message.

3)
First scheduled UL transmission on UL-SCH:

-
Uses HARQ;

-
RLC TM: no segmentation (if RLC is involved);

-
For initial access:

-
Conveys at least NAS UE identifier;

-
If the size of the message allows it, the initial NAS message (or something allowing to build the initial NAS message in eNB) can be included;

-
Size of the message is dynamic.

-
After radio link failure:

-
Conveys at least NAS UE identifier or C‑RNTI+MAC‑I (FFS);

-
does not contain any NAS message.
-
For other events:

-
Conveys at least C-RNTI.
4)
Contention Resolution on DL-SCH:

-
Early contention resolution shall be used i.e. eNB does not wait for NAS reply before resolving contention

-
Not synchronised with message 3;

-
Content of the message is FFS;

-
HARQ is supported;

-
Addressed to the Temporary C-RNTI on L1/L2 control channel (at least for initial access):

-
For UE in RRC_CONNECTED, the use of C-RNTI, HARQ and the consequences thereof (e.g. delay impact on other UEs in conjunction with HARQ) are FFS;

-
HARQ feedback is transmitted only by the UE which detects its own UE identity, as provided in message 3, echoed in the RRC Contention Resolution message.

NOTE:
Contention resolution for events other than initial access needs further discussion;

At initial access, the four steps are:

1)
Random Access Preamble on RACH;

2)
Random Access Response generated by the MAC sublayer and transmitted on DL-SCH;

3)
RRC Connection Request generated by the RRC layer and transmitted via CCCH on UL-SCH;

4)
RRC Contention Resolution generated by the RRC layer and transmitted via CCCH or DCCH (FFS) on DL-SCH.

The Temporary C-RNTI is promoted to C-RNTI for a UE which detects RA success and does not already have a C-RNTI; it is dropped by others. A UE which detects RA success and already has a C-RNTI, resumes using its C-RNTI.

~ Next Modified Section ~

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 is resumed by means of explicit signalling between UE and eNB



	Go via RRC_IDLE

	UE selects a different cell from the same eNB
	N/A
	Activity is resumed by means of explicit signalling between UE and eNB
	Go via RRC_IDLE

	UE selects a cell of a prepared eNB (NOTE)
	N/A
	Activity is resumed by means of explicit signalling between UE and eNB
	Go via RRC_IDLE

	UE selects a cell of a different eNB that is not prepared (NOTE)
	N/A
	Go via RRC_IDLE (FFS)
	Go via RRC_IDLE

	NOTE: 
a prepared eNB is an eNB which has admitted the UE during an earlier executed HO preparation phase.


In the Second Phase, in order to resume activity and avoid going via RRC_IDLE when the UE returns to the same cell or when the UE selects a different cell from the same eNB, or when the UE selects a cell from a different eNB, the following procedure applies:

-
The UE stays in RRC_CONNECTED;
-
The UE accesses the cell through the random access procedure;
- 
The UE identifier used in the random access procedure for contention resolution (i.e. NAS UE identifier or C‑RNTI+MAC‑I - FFS) is used by the eNB to check whether it has a context stored for that UE:
-
If the eNB finds a context that matches the identity of the UE, it indicates to the UE that its connection can be resumed.

-
If the context is not found, RRC connection is released and UE initiates procedure to establish new RRC connection. In this case UE may be required to go via RRC_IDLE (FFS).
~ End of Text Proposal ~
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