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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. This document intend to discuss path switch based on the assumption that contention-free RACH is adopted.
2. Discussion
In RAN2#56bis meeting it is concluded that re-ordering is needed in UE’s PDCP layer in mobility case because SDUs forwarded from source eNB could be later than those from UPE. And for real time service there could be even no SDU is forwarded from source eNB. in these scenarios extra interruption time will be introduced due to path switch and transportation of packet from UPE to target eNB. however if path switch can be done parallel with the handover execution the extra delay can be reduced or even eliminated. And this is feasible in contention-free RACH procedure.

When UE send Random Access message with dedicated signature, UE can be identified by mapping the dedicated signature to C_RNTI . and then the context forwarded from source eNB can be addressed easily. And then target eNB can send a message (e.g. called Handover Detect ) to MME/UPE to switch path. in this way path switch can proceed in parallel with the procedure of UL Grant and Handover Confirm. The extra delay caused by path switch can be reduced or even eliminated depending on which one i.e. Handover Confirm or packet from UPE can arrive target eNB at first. Assuming HARQ RTT is 3ms and HARQ is adopted by UL Grant message as well as Handover Confirm message it is more likely that packets will arrive a bit earlier. The extra delay is estimated 5ms according to Table 13.6.2-1 in [1].
In Figure 1 interruption time in downlink is depicted. 
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Figure 1
Someone maybe concern about the abnormal case that target eNB may fail to receive Handover Confirm message after path is switched. But actually the transmission reliability of UL Grant message and Handover Confirm is higher than random access message. Because random access is sent on common channel while UL Grant and Handover Confirm message are sent on dedicated channel. HARQ operation can be taken to improve the reliability. Since only few millisecond will elapse after random access message is received successfully it is hardly convinced that the following UL Grant and Handover Confirm message will drop.
In case it happens unfortunately , mainly there are 3 consequences:

· UE retries again and it succeeds at last (case 1)
· UE gives up and return to source eNB (case 2)
· UE gives up and go to 3rd eNB if available (case 3)
In following table, legacy solution (solution A) and solution of this document (solution B) is compared in terms of packet forwarding , path switch and interruption time:

	Consequence case
	Solution A
	Solution B

	Case 1
	Possible more interruption time due to late path switch
	Possible less interruption time

	Case 2
	Some forwarded packet may return from target eNB
	Path need switch back and at least packets from UPE need return

	Case 3
	go to IDLE state and re-establish
	go to IDLE state and re-establish


Table 1
If handover failure happens it maybe not wise for UE to return to source eNB because it is more likely a better candidate eNB can be detected. To return back to legacy eNB will experience worse performance or even call drop. UE will either handover once again or go to idle state after radio link failure. Since radio condition between UE and source eNB is degrading it is hard to say 2nd handover will be more reliable than the 1st one. And UE can more likely find another better eNB to access unless all other detected eNBs are worse than source eNB and target eNB. Since UE has not flushed away all recorded measurement before handover is done. It is not difficult for UE to fulfil it.
3. Conclusion 
Based on contention-free RACH UE can be identified when target eNB receive random access. And then target eNB can notify MME/UPE to switch path by sending Handover Detect message. Thus reduce interruption time due to path switch in case no packet is forwarded or forwarded packets arrive later than those from UPE. Some pros and cons are also discussed in case UE fails to access target eNB after sending random access message. 
4. reference
[1]  25.912v020
[2]  R3-062020 Updates to Intra-E-UTRAN handover in 36.300, Ericsson, RAN3#54
5. Text proposal for 36.300
the text proposal is based [2] which has been email discussed by RAN3 and has been basically agreed.
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.
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Figure 10.1.2.1: Intra-MME, intra-UPE HO

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). 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 ,dedicated signature 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, dedicated signature sequence 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 dedicated signature sequence  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 contention-free synchronisation to target eNodeB and then starts acquiring UL timing advance. 
9
after identifying UE Network responds with UL allocation and timing advance.  
9a The EPC is informed that the UE has changed cell by HANDOVER DETECT message from target eNB. The UPE switches the downlink data path to the target side and can release any U-plane/TNL resources towards the source eNodeB.  
10
When the UE has successfully accessed the target cell, the UE sends the HANDOVER CONFIRM message 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

12
The EPC confirms the HANDOVER DETECT message with the HANDOVER DETECT 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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