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1. Introduction
In RAN2#56 meeting it was concluded that UE accesses the target cell via contention-based RACH at least for NRT service, but the use of dedicated resources for accessing the target cell in a contention-free manner is FFS. And RAN3 has email-discussed handover procedure which is summarized in [1]. This document intend to discuss some signalling aspect of handover procedure.
2. Discussion
2.1. start time
Currently it is assumed that UE will leave source eNB after “start time” expired which is included in the Handover Command possibly. If there is no “start time”, UE will leave source eNB immediately after receiving Handover Command message. 
When handover is triggered radio condition between UE and source eNB has been degrading. So some retransmission may needed for Handover Command message. Assuming RTT of HARQ is 3ms, and 2 retransmissions are needed, max transmission delay is 9ms. in order to guarantee high reliability “start time” will be always set pessimistic value. Figure one depicts the possible scenario. Message 4 (Handover Command) is transmitted successfully without retransmission, but “start time” will still be set according to the worst case i.e. message 4a (Handover Command). so the UE will miss the access slot A and send random access on access slot B which means extra 10ms delay.
One way to deal with it is to remove start time if UE know when to leave source eNB exactly. Assuming random access interval is 10ms and random access slot is located in a fixed place within the frame e.g. first two slots. As long as UE know the frame border of the target eNB , it will know which access slot is the proper one after Handover Command is received successfully. And it is not difficult for UE to know the frame border of the target eNB, because UE can not send measurement report of one eNB without getting downlink synchronization with it and decoding cell ID from reference signal. if more than 10ms random access interval e.g. 20ms is adopted, more time information is needed e.g. SFN of target eNB for UE to locate access slot in target eNB. 
Proposal 1: to remove start time in the Handover Command and let UE to decide when to leave source eNB.
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Figure 1
2.2. forward measurement quantities 
In [2] it is proposed to forward latest measurement report and latest buffer status report from UE to target eNB in Handover Request message. These information will help target eNB to schedule radio resource more efficiently before UE report similar information to eNB after handover complete. If contention-free RACH is adopted target eNB can take advantage of these information from the very beginning when UE send random access. This is because dedicated signature in the random access message can help identify UE by mapping dedicated signature to C_RNTI. Target eNB can optimize the way to transmit Uplink Grant message as well as the uplink allocation inside the message.
Proposal 2: to forward latest measurement quantities from source eNB to target eNB
3. Conclusion 
Based on above discussion , we have following proposals:

Proposal 1: to remove start time in the Handover Command and let UE to decide when to leave source eNB.

Proposal 2: to forward latest measurement quantities from source eNB to target eNB

4. reference
 [1]  R3-062020 Updates to Intra-E-UTRAN handover in 36.300, Ericsson, RAN3#54

[2]  R2-070010 Relevant Information for Handover，Nokia, Siemens, RAN2#56bis

5. Text proposal for 36.300
[1] has been email discussed by RAN3 and has been basically agreed. So the text proposal is based the summary.
10.1.2
Mobility Management in LTE_ACTIVE

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. The figure below depicts the basic handover scenario where neither MME nor UPE changes.

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 eNodeBs. The release of the resources at the source side during the HO completion phase is triggered by the eNodeB.

[image: image2.emf]Legend

packet data

packet data

packet data

UL allocation

2. MEASUREMENT REPORT

3. Handover  decision 

4. HANDOVER REQUEST

5. Admission Control

6. HANDOVER REQUEST ACKNOWLEDGE

7. HANDOVER COMMAND

DL allocation

DL Data Forwarding

10. HANDOVER CONFIRM

13.  RELEASE RESOURCE

11. HANDOVER COMPLETE

UE EPC

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

1. MEASUREMENT CONTROL 

12. HANDOVER COMPLETE ACK

14. Release Resources

0. Area restriction provided

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

 

C

o

m

p

l

e

t

i

o

n

H

a

n

d

o

v

e

r

 

P

r

e

p

a

r

a

t

i

o

n

Source 

eNodeB

Target 

eNodeB


Below is more detailed description of the intra-MME, intra-UPE HO procedure:

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

1
The source eNodeB entity configures the UE measurement procedures according to the area restriction information. Measurements provided by the source eNodeB entity 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.    
Note:
step 2 requires more detailed input from RAN1/2.
3
Source eNodeB makes decision based on MEASUREMENT REPORT and RRM information to hand off UE. 
4
 The source eNodeB issues a HANDOVER REQUEST message to the target eNodeB entity passing necessary information to prepare the HO at the target side (UE X2 signalling context reference at soure eNodeB, UE S1 EPC signalling context reference, target cell ID, RRC context, SAE bearer context, measurement report). UE X2 / UE S1 signalling references enable the target eNodeB to address the source eNodeB 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 (FFS). 
5
Admission Control may be performed by the target eNodeB dependent on the received SAE bearer QoS information  to increase the likelihood of a successful HO, if the resources can be granted by target eNodeB. The target eNodeB configures the required resources according to the received SAE bearer QoS information and reserves a C-RNTI.. 
6
Target eNodeB prepares HO with L1/L2 and sends the HANDOVER REQUEST ACKNOWLEDGE to the source eNodeB.HANDOVER REQUEST ACKNOWLEDGE includes new C-RNTI, possibly some other parameters i.e. access parameters, SIBs, etc., and RNL/TNL information for the forwarding tunnels, if necessary.  . 

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

7
The UE receives HANDOVER COMMAND (new C-RNTI, target eNodeB SIBs etc) and is commanded by the source eNodeB to perform the HO. It is probable that UE needs to acknowledge reception of the HANDOVER COMMAND with RLC acknowledgment procedure.

8
After receiving HANDOVER COMMAND, UE performs synchronisation to target eNodeB 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 eNodeB to indicate that the handover procedure is completed for the UE.. The target eNodeB verifies the C-RNTI sent in the HANDOVER CONFIRM message. 
Note:
Acknowledgment of HANDOVER CONFIRM by the target eNodeB on RLC layer is FFS in RAN2
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 eNodeB.  

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

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

14
Upon reception of the RELEASE RESOURCE message, the source eNodeB 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
The handling of outstanding uplink and downlink data upon inter-eNodeB handover is described in 10.1.2.3.
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