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1
Introduction
Although it has been agreed that after a radio link failure, the UE should go via RRC_IDLE when selecting a different cell than its serving eNB [1], there is one particular case worth looking at: the case where the radio link failure occurs during a handover procedure. This contribution analyzes this particular case. 
2
Handover Procedure

[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). 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

3
Radio Link Failure at Handover

As explained in the introduction, if a radio link failure occurs and the UE selects a cell from a different eNB, it will go via RRC_IDLE and then request a new RRC connection. 
If a radio link failure occurs between step 6 and 7 of the above procedure, and even if the UE ends up selecting the same cell as the target (which is quite likely if the target was selected by the source eNB based on channel conditions), it has to go via RRC_IDLE although the target already has obtained all the necessary information about the UE from the source eNB.
4
Handover Failure Recovery
The error case above can be solved by letting the source eNB send to the target eNB the UE identity that is used in RRC CONNECTION REQUEST (i.e. the identity that is used by UE when accessing a new cell after cell selection process). When a RLF occurs before the UE has a chance to receive the HANDOVER COMMAND, and if the UE ends up selecting the target cell, the target cell would then be able to identify the UE and indicate to the UE the possibility to reuse its configuration instead of fully re-establishing a connection and contacting the MME. In other words, to behave as if the handover was successful.

That would require three different things:

-
Upon RLF, the context should not be deleted in the UE (e.g. RRC configuration, sequence numbers…) [2];

-
When preparing the handover, the source eNB should send to the target eNB the identity of the UE for which a handover is requested: in step 4 of the handover procedure, a UE identity other than the C-RNTI must be included (e.g. IMSI, TMSI, PTMSI, IMEI…). This identity must be the same one as the one used by the UE in RRC CONNECTION REQUEST. It will allow the target eNB to identify the UE if required.

-
The target eNB must be prepared to temporarily welcome the UE with the configuration of the source as any reconfiguration requested by the target eNB would be lost together with the HO command.

From UE point of view this is a rather simple procedure: upon RLF, the context is kept until a new cell is selected. After initial access procedure, it is the eNB which tells to the UE whether the context can be reused or whether it needs to be implicitly discarded by re-establishing the RRC connection.

5
Conclusion
This contribution has presented a mechanism to minimise interruption at handover when a radio link failure occurs. TSG RAN WG2 should discuss whether the benefits are worth the added complexity.
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