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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, and the necessity of path switch procedure in the case of Intra-DeNB handover.
2 Problem Analysis for Intra-DeNB HO
In a relay network, 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

Scenario (1) ~ (3): UE handover under the same DeNB (Intra-DeNB)
Scenario (4) ~ (6): UE handover under different DeNBs (Inter-DeNB)
For scenarios (4) ~ (6), the legacy X2 handover procedure can be reused for Inter-DeNB handover. 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. The legacy X2 handover procedure still can be reused. 
However, in the current design CN nodes are not exposed to cell level information. And Intra-eNB handover activity is not aware by the CN nodes. Such design principle is always followed for the specification work, such as the reason why we have transparent containers in the S1AP or RANAP, etc. If E-UTRAN still initiates legacy path switch procedure to the EPC in case of intra-DeNB handover, it will not in line with the current design. 

Moreover, if the path switch procedure is still initiated, the MME, upon reception of the PATH SWITCH REQUEST message 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 E-UTRAN and the EPC, and within the EPC. On the other hand, switching to the same downlink data path may be regarded as an abnormal case by the MME, because from EPC point of view, the downlink data path is not really changed. The EPC can have no idea of this “handover” procedure, especially we already have the agreement that RN and DeNB have the same eNB ID, the Intra-DeNB HO just looks the same as intra-eNB HO in Rel8/9, which means the intra-DeNB HO scenarios only require procedures that can be terminated within the E-UTRAN and there is no need to perform the path switch procedure to the EPC.
3 Proposed Intra-DeNB HO procedure

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 neighbour eNBs. The RN looks like a cell under the DeNB from the EPC and neighbour eNBs point of view. Most legacy X2 handover procedure in Rel-8 is reused for Intra-DeNB HO, except how the DeNB handling the path switch procedure.
3.1 Handover target is 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. 
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Figure 2:  Handover target is DeNB

3.2 Handover target is RN

In the case of UE making handover from DeNB to RN or from an RN to another RN (scenario 1, 3), the DeNB can identify 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 from the target RN. If this is an intra-DeNB handover, 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 3. 
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Figure 3:  Handover target is RN
In this proposed handover procedure, the DeNB has to generate PATH SWITCH REQUEST ACK message and response to the target RN, which is done by MME in Rel-8. People may have concern on how the DeNB handle the security context ({NH, NCC} pair), since it’s a mandatory parameter in this message and if there is security issue. 
The DeNB can set NCC equal to its current stored value, and NH equal to the KeNB* carried in X2-AP Handover Request.  At next handover, RN as source node can use the same intermediate Key with UE to calculate KeNB*. There is no problem that UE and RN is still synchronized with each other in the security key. Thus, there is no need to mandate the capability of calculating the NH key using KASME in DeNB, since NH-derivations is only performed by UE and MME in Rel8/9. It’s not difficult for the DeNB to fill in the security context. Little complexity is introduced. 
4 Concerns and analysis on the proposed HO procedure
(1) Security
· For the case HO target is DeNB.

For the case HO target is DeNB, DeNB can decide, e.g. due to operator policy, whether performing path switch procedure to EPC to retrieve NH key or not. For example, if both DeNB and RN are located in physically secure environment, the DeNB can be configured not to send PATH SWITCH REQUEST to EPC.
· For the case HO target is RN. 

To realize forward security during legacy X2 handover, the MME shall send an {NH, NCC} pair included in PATH SWITCH REQUEST ACK to target eNB. While in relay scenario, forward security in relay scenario is difficult to achieve. 
Please note, the path switch procedure is not introduced for the motivation of security. The original purpose of the path switch procedure is to request the switch of a downlink GTP tunnel towards a new GTP tunnel endpoint. SA3 uses this existing path switch procedure to solve the forward security issue. Hence, we should consider path switch problem mainly from RAN3 point of view, such as, whether CN should be aware of the intra-DeNB handover.  And security issue should not be regarded as a decisive factor.
Moreover, in the case of handover target is RN, even if the MME returns PATH SWITCH REQUEST ACK to RN, forward security still can not be guaranteed due to the proxy functionality of DeNB, because the DeNB can derive the security keys from the bypass PATH SWITCH REQUEST ACK message destined to RN. Therefore, in relay scenario, forward security issue needs additional consideration by SA3, not really related to the path switch procedure discussed here. 
(2) Part success of the E-RABs to be switched
People may also have the concern that how the DeNB handling the success of only part of the E-RAB to be switched. The DeNB can release E-RABs not admitted just like intra-eNB HO in Rel8/9. The DeNB can send an E-RAB RELEASE INDICATION message towards the MME. And the MME shall normally initiate the appropriate release procedure on the core network side for the E-RABs identified in the E-RAB RELEASE INDICATION message.
5 Comparison
For Intra-DeNB handover, here we give the comparison of using the legacy X2 handover procedure vs. proposed handover procedure without path switch procedure over S1 interface.
Table 1: Comparison of path switch procedure necessity 
	
	Legacy X2 handover procedure
	Proposed handover 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
	· Break the design principle and CN would start to see many intra-DeNB path switches.

· 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.
6 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. 
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