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1. Introduction

This paper reviews the control plane aspects of the LTE handover procedure and proposes a conclusion for several open issues.

2. Discussion
During RAN2#57bis the following handover related aspect was agreed:

· to use dedicated signature for contention free initial access in the target cell

This document not only aims to capture the above agreement in the handover procedure text, but also aims to conclude several open issues. This document merely summarises the proposed conclusion, sometimes with reference to other papers including further background/ motivation.

I. Normal hanodover, use of dedicated signatures

1. The normal/ base line handover is an asynchronous procedure in which the UE, upon receiving the handover command, initiates initial access in the target cell at the first aRACH occasion using the dedicated signatures indicated in the handover command
· A synchronous procedure increases handover delay and complexity, which does not seem justified considering the limited gain in resource use (See [1])

2. There is one initial access procedure (using dedicated signatures). If that fails, the UE assumes handover failure and returns to the previous cell

· The initial access procedure should have a fair success rate, which can be achieved e.g. by allowing the UE to access RACH multiple times at max. power

· We have not identified a failure case that would benefit from  using a backoff and/ or return to common signatures

II. Synchronous hanodover, use of dedicated signatures

3. In some cases (e.g. intra eNB) the synchronous handover procedure is used in which the UE, after receiving the handover command, sends a SR/CQI in the target cell using the resources indicated in the handover command

· This approach is considered to use radio resources efficiently, to be secure and to introduce little complexity (see [2])

III. Pre-ranging
4. The standard need not include the option to perform pre-ranging

· Pre-ranging increases handover delay and complexity, which does not seem justified considering the limited gain in U-plane interruption (See [1])

IV. AS context transfer
5. The source eNB provides the currently used AS configuration to the target eNB

· This is considered beneficial e.g. to avoid restarting of measurements

6. The handover command can either be a ‘re-configuration’ (used when the AS- configuration in the source cell is used as basis for the configuration in the target cell) or an ‘establishment’ (used when the AS-configuration in the source is not used as basis)

· The ‘establishment’ option can be used in case the AS- configuration in the source cell is unavailable or difficult to use

3. Conclusion & recommendation
In this contribution we have reviewed the control plane aspects of the LTE handover procedure and proposed a conclusion for the following open issues.

1. The normal/ base line handover is an asynchronous procedure in which the UE, upon receiving the handover command, initiates initial access in the target cell at the first aRACH occasion using the dedicated signatures indicated in the handover command

2. There is one initial access procedure (using dedicated signatures). If that fails, the UE assumes handover failure and returns to the previous cell

3. In some cases (e.g. intra eNB) the synchronous handover procedure is used in which the UE, after receiving the handover command, sends a SR/CQI in the target cell using the resources indicated in the handover command

4. The standard need not include the option to perform pre-ranging

5. The source eNB provides the currently used AS configuration to the target eNB

6. The handover command can either be a ‘re-configuration’ (used when the AS- configuration in the source cell is used as basis for the configuration in the target cell) or an ‘establishment’ (used when the AS-configuration in the source is not used as basis)
RAN2 is requested to consider the above proposals as well as the corresponding text proposal that is attached.

4. References

[1] R2-071373 Evaluation of backward handover schemes (Samsung)
[2] R2-071388 UL timing synchronised handover (Samsung)
<Text proposal>
10.1
Intra E-UTRAN

In E-UTRAN RRC_CONNECTED state, network-controlled UE-assisted handovers are performed and various DRX/DTX cycles are supported:

-
UE performs neighbour cell measurements based on measurement control and neighbour cell information from the network:

-
List of carrier frequencies of inter-frequency neighbours is signalled to the UE (other information FFS); 

-
Network signals reporting criteria for event-triggered and periodical reporting.

Following defines the handover support within E-UTRAN:

-
The intra E-UTRAN HO in RRC_CONNECTED state is UE assisted NW controlled HO with HO preparation signalling in E-UTRAN:

-
Part of the HO command comes from the target eNB and is transparently forwarded to the UE by the source eNB;

-
The source eNB sends the QoS profiles in use by the UE (SAE bearer attributes)  as well as the currently used AS configuration (intra-MME case) to the target eNB;

-
Both the source ENB and UE keep some context (e.g. C-RNTI) to enable the return of the UE in case of HO failure;

-
UE accesses the target cell via the RACH using a dedicated preamble. In limited cases e.g. intra eNB, the UE accessing the target cell using dedicated resources (to send a SR/CQI).
-
In E-UTRAN RRC_IDLE state, cell reselections are performed and DRX is supported.

<Cut until the next modified section>
10.1.2
Mobility Management in LTE_ACTIVE

The Intra-E-UTRAN-Access Mobility Support for UEs in LTE_ACTIVE handles all necessary steps already known from state of the art relocation/handover procedures, like processes that precede the final HO decision on the source network side (control and evaluation of UE and eNB measurements taking into account certain UE specific area restrictions), preparation of resources on the target network side, commanding the UE to the new radio resources and finally releasing resources on the (old) source network side. It contains mechanisms to transfer context data between evolved nodes, and to update node relations on C-plane and U-plane.

10.1.2.1
Handover

The intra E-UTRAN HO in RRC_CONNECTED state is UE assisted NW controlled HO, with HO preparation signalling in E-UTRAN. 

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). 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.  The source eNB sends the QoS profiles (SAE bearer attributes) configured for the UE as well as the AS configuration used in the source cell.

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, reserves a C-RNTI and a dedicated RACH preamble (asynchronous HO case) or dedicated resources for the SR/CQI (synchronous HO case). The resources can either be specified independently (i.e. an ‘establishment’) or as a delta compared to the AS- configuration used in the source cell (ie. a ‘re-configuration’).
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, a dedicated RACH preamble or dedicated resources for the SR/CQI and 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, a dedicated RACH preamble or dedicated resources for the SR/CQI, 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
In case the HANDOVER COMMAND included a dedicated preamble allocation, the UE performs synchronisation to target eNB and then starts acquiring UL timing advance. In case the HANDOVER COMMAND included dedicated resources for this, the UE issues an SR/CQI.
9
In case the UE used the allocated dedicated preamble to access the target cell, the 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

10.1.2.1.2
U-plane handling

The U-plane handling during the Intra-E-UTRAN-Access mobility activity for UEs in LTE_ACTIVE takes the following principles into account to avoid data loss during HO and hence to support seamless/lossless service provision:

-
During HO preparation a U-plane tunnel is established between the source eNB and the target eNB.

-
During HO execution, user data may be forwarded from the source eNB to the target eNB. The forwarding may take place in a service dependent and implementation specific way.

-
Forwarding of user data from the source to the target eNB should take place as long as packets are received at the source eNB from the EPC or the source eNB buffer has not been emptied (an implementation dependent mechanism decides that data forwarding can be stopped).
-
During HO completion:

-
The EPC is informed by the target eNB that the UE has gained access at the target eNB by the HANDOVER COMPLETE message and the U-plane path is switched by the EPC from the source eNB to the target eNB.
-
The source eNB should continue forwarding of U-plane data as long as packets are received at the source eNB from the EPC or the source eNB buffer has not been emptied (an implementation dependent mechanism decides that data forwarding can be stopped).

Note:
Details on user plane handling are still FFS. The text above reflects the latest status of the Study Item as given in TR 25.912. 

10.1.2.2
Path Switch

10.1.2.3
Data forwarding

Upon handover, the source eNB forwards all downlink RLC SDUs that have not been acknowledged by the UE to the target eNB. The decision of which SDUs to forward can be based for example on RLC status reports or HARQ feedback information depending on eNB implementation. The source eNB discards any remaining downlink RLC PDUs. The target eNB re-transmits and prioritize all downlink RLC SDUs forwarded by the source eNB as soon as it obtains them. Correspondingly, the source eNB does not forward the downlink RLC context to the target eNB. 

Re-ordering of downlink RLC SDUs during handover is provided by the re-ordering function at the UE PDCP layer and can be activated at least during inter-eNB mobility. 

Upon handover, the source eNB forwards all successfully received uplink RLC SDUs to the UPE and discards any remaining uplink RLC PDUs. The UE re-transmits the uplink RLC SDUs that have not been successfully received by the source eNB. Correspondingly, the source eNB neither forwards uplink RLC SDUs nor the uplink RLC context to the target eNB. If needed, the PDCP may support re-ordering of uplink RLC SDUs during handover (operator control).

Note:
This needs to be re-discussed as a result of moving the PDCP from UPE down to the eNB.

10.1.2.4
Handling in eNB

10.1.2.5
Handling above eNB

10.1.2.6
Mobility Management Entity (MME)

10.1.2.7
Timing Advance

In RRC_CONNECTED, it remains FFS whether the timing advance is permanently maintained or not. If not, MAC knows if the L1 is synchronised and which procedure to use to start transmitting in the uplink (FFS for RRC).

Cases where the UL synchronisation status may move from “synchronised” to “non-synchronised” include:

-
Expiration of a timer;

-
Non-synchronised handover;

-
Explicit request by MAC or RRC in the eNB;
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