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1 Introduction

Relay is considered as an important technique for LTE-A to provide extended LTE coverage at low cost. With the introduction of relay nodes, handover procedure has become more complicated. In this contribution, we discuss the applicability of legacy X2 handover procedure in Rel-8 system, and the necessity of Path Switch procedure in the case of Intra-DeNB handover.
2 Discussion
2.1 Problem Analysis

In a relay network, six UE handover scenarios are shown in Figure 1. 
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The node in parenthesis refers to an intermediate node that lies in the network path.

Figure 1:  UE handover scenarios in relay network

The DeNB supports the S1/X2 proxy functionality, which means the DeNB acts as the termination for S1 connections towards EPC and for X2 connections towards neighbor eNBs. The RN looks like a cell under the DeNB from the EPC and neighbor eNBs point of view [1]. The neighbor eNBs and EPC nodes, including MME, S-GW and P-GW, can not be aware of the existing of RN. Although some scenarios may be a rare case, such as handover scenario of RN1( (DeNB1)( (DeNB2)(RN3 shown in figure 1, the scenarios above are classified as follows.
Scenario (1) ~ (3): UE handover under the same DeNBs ( Intra-DeNB )
Scenario (4) ~ (6): UE handover under different DeNB (Inter-DeNB)
For scenarios (4) ~ (6), Inter-DeNB handover can reuse the legacy X2 handover procedure. The source node sends the Handover Request message to the target node. If UE is admitted to the target cell, the target node sends the Handover Request ACK message to the source node. The target node sends the Path Switch Request message to the MME to switch the downlink data path to the target side and then the MME confirms the Path Switch procedure with the Path Switch Request ACK. Finally the source node releases corresponding resources upon reception of UE Context Release message.

For scenarios (1) ~ (3), theses handover cases can be considered as intra-DeNB handover due to DeNB S1/X2 proxy functionality 
If E-UTRAN still initiates legacy Path Switch procedure to the EPC in case of intra-DeNB handover, the MME, having received the Path Switch Request over S1 interface, would send the User Plane Update Request message towards the S-GW over S11 interface. This would cause unnecessary signaling between the EUTRAN and the EPC, and within the EPC. On the other hand, switching to the same downlink data path may be regarded as abnormal condition by the MME. In addition, this would expose the E-UTRAN network topology to the EPC. From EPC point of view, the downlink data path is not changed. The EPC can have no idea of this “handover” procedure, which means the intra-DeNB scenarios only require procedures that can be terminated within the EUTRAN and there is no need to send Path Switch procedure to the EPC.

Intra-DeNB handover procedure without sending Path Switch procedure to the EPC is shown in the figure below:
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Figure 2:  Handover between different RNs under the same DeNB

In the case of UE making handover from RN to DeNB (scenario 2), the RN sends the Handover Request message to the DeNB. The DeNB reads the information of the source cell and the target cell from this message and knows this is an intra-DeNB handover. Therefore, the DeNB would not initiate the Path Switch procedure to the MME. 

In the case of UE making handover from DeNB to RN, the DeNB decides whether this is an intra-DeNB handover based on the information of the source cell, the target cell contained in the Handover Request message and MME UE S1AP ID contained in the Path Switch Request message. If this is an intra-DeNB handover (scenario 1, 3), the DeNB would terminate the Path Switch procedure by sending the Path Switch Request ACK to the RN, shown as step 7 and 8 in Figure 2. The Path Switch Request ACK sent by DeNB will include MME UE S1AP ID and eNB UE S1AP ID information. The means to avoid data loss during handover can be found in [2].  

2.2 Comparison
Table 1: Path Switch procedure necessity Comparisons
	
	Legacy Path Switch procedure
	Proposed Path Switch procedure

	Advantages
	· Reuse the existing handover procedures and reduce the standardization work.
	· Avoid signalling between ETURAN and EPC, and within the EPC. Reduce handover delay.
· Reduce handover delay.

· Prevent the EPC from getting the network topology. 

	Disadvantages
	· Cause unnecessary signalling between eNB and MME, and within the EPC.
· Expose the network topology to the EPC.
· Regarded as abnormal condition by the MME.
	· Only have impact on DeNB and the complexity introduced into DeNB is acceptable and easy to implement.


Table 1 summarizes the comparisons between the two Intra-DeNB handover solutions. It is shown that there are advantages in our proposed handover procedure. 
Proposal 1: In the case of Intra-DeNB handover, there is no need for E-UTRAN to initiate the Path Switch procedure towards the EPC.  
Proposal 2: In the case of Intra-DeNB handover, the DeNB handles the path switch to/from the RNs.
3 Conclusion
In this document we discuss the necessity of Path Switch procedure during handover for Alt2 and proposed:
Proposal 1: In the case of Intra-DeNB handover, there is no need for E-UTRAN to initiate the Path Switch procedure towards the EPC.  
Proposal 2: In the case of Intra-DeNB handover, the DeNB handles the path switch to/from the RNs.

RAN3 is kindly requested to discuss the proposal and consider if it can be agreed. If our proposal is agreed, we can provide corresponding text proposal for TS36.300. 
4 References

[1] R2-103437    Stage-2 description of relaying into 36.300
Ericsson, ST-Ericsson
[2] R3-101880    “U-plane handling during handover” 
CATT







PAGE  
3

_1326612123.vsd
DeNB1


EPC


DeNB2


RN3


UE


UE


S1


S1


X2


Un


Uu


Uu


Un


RN2


RN1


RN4



_1326558990.vsd
 


1


Measurement Reports


2a. Handover Request


HO decision


2. Handover Request


3a.Handover Request Ack


3.Handover Request Ack


SN Status Transfer


4.  RRC Connection Reconfigration.


5a


9a.  UE Context Release


6. RRC Connection. Reconfiguration. Complete


9.  UE Context Release


UE


DeNB


RN2


Detach from old cell and 


synchronize to new cell


MME


SN Status Transfer


5


RN1


7.  Path Switch Request


8. Path Switch Request Ack



