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1. Introduction
When type 1 relay is introduced into LTE-A system, more new HO scenarios involving Relay Node (RN) are anticipated [1] [2]. Type 1 relay will create its own cell, which is independent from its own serving DeNB. There is possibility that HO frequencies will increase because of the introduced new cells. Relaying will also introduce extra transmission delay and processing load, so HO procedures must be carefully considered. 

In this contribution, we first present the detailed intra E-UTRAN HO procedures involving type 1 RN in RRC_CONNECTED state, then we calculate the HO delay values. Considering that neither interface between RN and eNB nor interface between RN and RN is defined in LTE-A, we consider whether it is necessary to define new X2 interface between the nodes in the E-UTRAN from the HO delay’s perspective. Similar to the Release 8 LTE case, the HO involving RN is also UE assisted NW controlled. 
2. Discussions
Two kinds of HO are defined in R8 standard, i.e. X2 HO and S1 HO. When one UE moves from an eNB to another eNB, S1 HO will be triggered if there is no X2 interface between the two eNBs. When there is a direct transmission path between two neighboring eNB, X2 will be executed, which can simplify the procedures. In the following we describe the HO procedures involving type 1 RN.
(1) HO from RN to its own serving DeNB
Fig.1 depicts the HO paths for X2 HO and S1 HO, respectively. Fig.2 and Fig.3 are the HO procedures for S1 HO and X2 HO. The HO delay values for S1 HO and X2 HO can be calculated according to the Appendix. We can see that much HO delay can be reduced when X2 HO is executed, which coincides with the proposals in [3]. So we also agree on the necessity of X2 interface in UE mobility scenario between RN and DeNB.
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Fig.1 HO paths from RN to its own serving DeNB
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Fig.2 S1 HO from RN to its own serving DeNB
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Fig.3 X2 HO from RN to its own serving DeNB
(2) HO from RN to another RN served by the same DeNB 
Assume that there are X2 interfaces between RN1 and the DeNB, between RN1 and the DeNB. Except for S1 HO and X2 HO, there is another method for moving UE handing over from RN1 to RN2 and we call it “Modified X2 HO”. The path for the HO signaling transmission and data forwarding is composed of two bidirectional red arrows as depicted in Fig.4. Fig5, Fig.6 and Fig.7 are the corresponding HO procedures and the HO delay values for S1 HO, X2 HO and “Modified X2 HO” can be calculated according to the Appendix.
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Fig.4 HO paths from RN to another RN served by the same DeNB
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Fig.5 S1 HO from RN to another RN served by the same DeNB
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Fig.6 X2 HO from RN to another RN served by the same DeNB
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Fig.7 “Modified X2 HO” from RN to another RN served by the same DeNB
(3) HO from RN to a neighboring eNB
When a UE moves from RN to a neighboring eNB, the X2 interface between its own seving DeNB and the eNB could be reused, if there is any. Fig. 8 depicts the HO paths and Fig.9, Fig.10, Fig.11 are the detailed HO procedures. The HO delay values for S1 HO, X2 HO and “Modified X2 HO” can also be calculated according to the Appendix.
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Fig.8 HO paths from RN to a neighboring eNB
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Fig.9 S1 HO from RN to a neighboring eNB
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Fig.10 X2 HO from RN to a neighboring eNB
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Fig.11 “Modified X2 HO” from RN to a neighboring eNB
In despite of the least HO delay could X2 HO provides, it can not be implemented easily. The precondition for successful X2 HO is that there must be reliable transmission path between the source and target nodes, which will bring hard work for network planning. However, reliable transmission path can be achieved when the source node is RN and the target node is its serving DeNB and vice the verse.
3. Conclusions

In this contribution, we addressed the detailed handover procedures and HO delay values considering RN. With above discussions, the following are proposed:
Proposal 1: The necessity of X2 interface in UE mobility scenario between RN and its serving DeNB should be considered.
Proposal 2: The current X2 interface between eNBs should be reused for HO involving RN to reduce the HO delay.
Proposal 3: Though pure X2 HO can provide less HO delay, its complexity should also be taken in consideration.
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Appendix [4] [5]
	Component
	Description
	Time [ms]

	1
	Wireless X2-C transfer delay
	T_X2

	2
	X2-C transfer delay
	Ignore

	3
	Wireless S1-C transfer delay
	T_S1

	4
	S1-C transfer delay
	Ignore

	5
	Transmission of RRC Connection Set-up
	1

	6
	Transmission of RRC Connection Set-up complete
	1

	7
	Processing delay in eNB (S1-C –> Uu)
	3

	8
	Processing delay in eNB (Uu –> S1-C)
	Ignore

	9
	Processing delay in RN
	T_P

	10
	Processing delay in MME
	Ignore

	11
	Processing delay in UE(L2 and RRC)
	15


 1

