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1. Introduction
The generic handover procedure in E-UTRAN is S1 handover or X2 handover. However, after introducing RN, the S1/X2 interface has been extended to wireless environment. In this contribution, we analyze the data forwarding delay and conclude that this will highly challenge the mobility performance.
2. Discussion
2.1. U-Plane interruption time in Relay system
During the feasibility study phase, the U-plane interruption during mobility has been studied to evaluate performance of E-UTRAN. The study result [1] mentioned that “what is essential is the delay for the first forwarded packet to arrive at the target eNB”, but based on the assumption that “the forwarding delay (of the first packet) is smaller than the radio layer delay”, this delay is ignored for normal E-UTRAN. 
However, after Relay is introduced, data forwarding path is extended to wireless interface. The forwarding delay is then enlarged significantly. Therefore the data forwarding delay becomes the most critical part for U-plane interruption. In the following, we calculate this delay in principle. We limit our discussions in this contribution to the mobility scenario with longest path, i.e. UE handovers from one source RN to target RN which belongs to a different eNB from source RN (see Figure 1). The evaluation result is also applicable for other simplified scenario.
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Figure 1. Data Forwarding Path in the selected scenario
Data forwarding delay is consisted by 3 constituent: (a) transmission delay on wireless interface, (b) transmission delay on wired interface, (c) processing time:
Processing time: Assume the Relay has the similar processing ability as eNB, the processing time for Relay, DeNB or EPC is characterized as 2ms for each element.
Transmission delay on wired interface: This delay is assumed to 2ms for wired connection between any two network elements.

Transmission delay on wireless interface: On the Un interface, Relay forwards UE’s data as its user data, and transmits it via DRB corresponding to the RN’s EPS bearer. With respect to the assigned QCI for this bearer, wireless transmission delay might be varied. For example if QCI = 3, the DRB‘s PDB (packet delay budget) is 50 ms, the upper bound of the wireless transmission delay is 30 ms (50 ms – 20 ms, whereas 20ms is the time latency reserved for EPC); If QCI = 1, the wireless delay is then calculated as 80 ms.
2.2. Data Forwarding Delay in X2 Handover 

Under the assumed scenario, in X2 handover, data is forwarded through two wireless interfaces, i.e. from source RN to DeNB1 and from DeNB1 to target RN; and forwarded through 1 wired interface, i.e. X2 interface between DeNB1 and DeNB2; and processed by 3 network elements, i.e. DeNB1, DeNB2 and target RN.

Hence：
DelayX2 handover = 2 ╳ Wireless transmission Delay + Wired transmission Delay + 3╳  processing time

Refer to the value we assumed in section 2.1,  the data forwarding delay is 168 ms (i.e. 2 ╳ 80 + 2 + 3╳2) at the case of QCI= 1, and 68 ms  (i.e. 2 ╳ 30 + 2 + 3╳2) at the case of QCI = 3.
2.3. Data Forwarding Delay in S1 Handover 

Under the assumed scenario, in S1 handover, data is forwarded through two wireless interfaces, i.e. from source RN to DeNB1 and from DeNB1 to target RN; and forwarded through two wired interface, i.e. S1-U interface between DeNB1 and EPC and S1-U interface between EPC and DeNB2; and processed by 4 network elements, i.e. DeNB1, EPC, DeNB2 and target RN.

Hence：

DelayS1 handover = 2 ╳ Wireless transmission Delay + 2 ╳ Wired transmission Delay + 4╳  processing time

Refer to the value we assumed in section 2.1,  the data forwarding delay is 172 ms (i.e. 2 ╳ 80 + 2 ╳2+ 4╳2) at the case of QCI= 1, and 72 ms  (i.e. 2 ╳ 30 + 2 ╳2+ 4╳2) at the case of QCI = 3.
3. Conclusion
From the evaluation result listed above, when the QCI is assigned to 1, the upper boundary of this traffic PDB is 100 ms, but the data forwarding delay in Relay system is 168/172 ms; likely, if the QCI is assigned to 3, the upper boundary of this traffic PDB is 50 ms, but the data forwarding delay in Relay system is 68/72 ms;  It is obviously that the data transfer delay time either in S1 handover or in X2 handover is much higher than the downlink traffic’s QCI characteristic. 
As a conclusion, the mobility performance can not achieve the QoS requirement in RN system.
We kindly ask RAN3 to confirm this high delay latency problem for Relay system, and to provide feasible solution as soon as possible.
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