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1 Introduction
Relay is considered as an important technique for LTE-A to provide extended LTE coverage in targeted areas at low cost. With the introduction of relay nodes, handover procedure has more complexity. In last meetings, some problems such as redundant data forwarding on the Un interface and convoluted handling for data buffered in D-eNB were discussed in[1]

 REF _Ref250988612 \r \h 
[2]. This document aims to discuss the handover performance in more detail and give our preference.  
2 Discussion
2.1 Resource saving of data forwarding
Figure1 shows the handover procedure from RN to target eNB.
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Fig 1 X2 handover from RN to target eNB
If the D-eNB is not involved in the handover, the UE’s downlink data is forwarded from the S-GW to the D-eNB and finally to the RN. Then these data is forwarded from the RN to the D-eNB and finally to the target eNB. The procedure of data forwarding is showed as the red lines in Figure1. Figure2 is an enhanced procedure to avoid the redundant data forwarding on the Un interface.
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Fig 2 Enhanced handover procedure

In Figure2 where the D-eNB is involved in the handover, the D-eNB may directly switch the UE’s data path to the target eNB when the UE’s handover request is acknowledged. As the difference between two figures, the UE’s DL data arriving after HO Request ACK is forwarded to the target eNB directly by the D-eNB. The terminated time of the UE’s DL data on Un interface is change from the moment of real end marker packets received by the D-eNB to the moment of HO Request ACK received by the D-eNB, In this period of time, the UE’s DL data sent from the S-GW is prevented from redundant transmitting on the Un interface. The amount of reduced redundant forwarded data is decided by the following factors:
· Average data rate which is the downlink data rate on the Un interface for the UE under the handover procedure;
· Length of the reduction transmitting time on the Un interface.
For the UEs at the RN coverage edge, their data rate on the Uu interface is quite low. Due to the function of the application level and/or TCP flow control, the traffic rate would be decreased relatively. The average data rate on the Un interface would be similar with the average data rate on the Uu interface.
Assuming 10 active UEs in a RN, the average spectral efficiency is 0.24bps/Hz/user and the average cell edge throughput is 0.07bps/Hz/user (according to [3]). In 10 MHz system, the average data rate is 2.4Mbps and the cell edge rate is 700Kbps.
	The time difference is the period from the handover is known by the D-eNB to the path is switched by the S-GW. This period would include HO command signal latency on wireless interface, UE synchronizing latency and Path switch latency. The length of the reduction time is assumed to 100 msec, which is a reasonable estimation according to[4]. In fact, even though the length is enlarged severalfold, there is no essential impact on the result.
　
	Handover interval = /1sec
	Handover interval = /10sec　
	Handover interval = /100sec　
	Handover interval = /1000 sec　

	Amount of saving data on Un (bit) ①
	70K
	70K
	70K
	70K

	Total data in a cell (bit) ②
	2.4M
	24M
	240M
	2400M

	Ratio ①/②
	2.9%
	0.29%
	0.029%
	0.003%


The above table shows that the ratio of the amount of redundant forwarding packets to the total traffic is very low. Even in an extreme low-probability scenario in which the handover interval is 1 second, the ratio is less than 3%. 
Conclusion1: The resource cost of redundant forwarding packets is relatively small.
2.2 Latency reduction of data forwarding
Figure3 shows a demonstration of the data flow during handover and after handover.
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Fig 3 Data flow during handover and after handover
Figure3 has the same signal procedure as Figure1, in which D-eNB is not involved in the handover. The first part of packets (red blocks in Figure3) are those buffered by RN and not acknowledged by UE. After handover, these red packet are firstly transmitted to the UE. If these red packets are not received by the target eNB untill handover completes, the HO interrpution time apperceived by the user will be enlarged and the DL data rate will be lower. The second part of packets (blue blocks in Figure3) are new packets sent on the Un interface after HO request ACK, which are redundent forwarded on the Un interface. The third part of packets (yellow blocks in Figure3) are transmitted from the S-GW to the target eNB, which are sent to UE after the former two parts. Figure4 shows an enhanced data flow whose corresponding signal precedure is as Figure2.
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Fig 4 Enhanced data flow
To compare the figure3 and the figure4, detail analyses are as follows:
· The user experiences for data interruption time in two procedures are same because the forwarding path of the red packets is same;
· If the data forwarding has be completed before the target eNB starts to send DL packets to UE, the performance of the two procedures has no difference;
· If the latency of data forwarding is larger than HO interruption time, the blue packets in figure3 may have larger end-to-end delay than in figure4, the maximum delayed time is decided by twice Un transmitting latency (several msec to tens of msec). But at the same time of forwarding the blue packets by RN, the target eNB would be in DL transmitting the former packets (e.g. the red packets) received from the forwarding path. Hence the additional delay of the blue packets may be inexistent or neglectable.

Conclusion2: The gain to reduce the interruption delay apperceived by the user is trivial.
Proposal 1: From the perspective of resource saving and latency reduction, handover optimization outbound from RN does not deserve to introduce more complexity.
2.3 Special scenario

In the legacy handover procedure, when the Serving Gateway switches the downlink data path to the target side, it sends one or more “end marker” packets on the old path to the source eNB to indicate the end of downlink data. The “end marker” packet is also considered as the end of forwarded data from the source eNB to the target eNB.

In the case of Alt2, RN has to maintain only one X2 interface, which is terminated in the D-eNB and it can send all handover requests to the D-eNB, irrespective of the target cell ID. Upon the D-eNB receiving the X2 messages from RN, it reads the target cell ID from the messages and finds the corresponding target eNB, and then forwards the X2 message toward the target eNB. From the target eNB point of view the outbound handover from RN looks like as if the UE was performing the handover from a cell under the D-eNB. 

There would be some problems when an UE is performing a handover from RN to the D-eNB. From the Serving Gateway (UE) point of view the downlink data path is the same between before handover and after handover. The Serving Gateway and MME can not be aware of this “handover” procedure. The “end marker” packets can not be sent from the CN nodes. Neither the end of downlink data nor the end of forwarded data can be known by the RN and the D-eNB.
It is necessary to inform RN the end of the downlink data. D-eNB should generate one or more “Un end marker” packets, which have the same formats as the “end marker” packets from the Serving Gateway, and send them to RN. RN receives these “end marker” packets, which look like from RN point of view as if RN receives these packets from the Serving Gateway. Then RN and D-eNB perform the traditional data forwarding procedure. The demonstrative handover flow is shown in Figure5.
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Fig 5 Handover from RN to D-eNB for Alt2
Proposal 2: From the perspective of solving the procedure problem in handover from RN to D-eNB for Alt2, the “Un end marker” is a mandatory step to terminate transmission of the UE’s downlink data on Un. 
In order to maintain the consistency of DeNB’s behavior, the “Un end marker” solution may also be used to optimize the other handover scenario for Alt2. As HO Request ACK is received, the D-eNB generates one or more “Un end marker” packets to terminate the UE’s DL data on the Un interface and prevent from redundant data forwarding. And it is important that this solution has little additional expense.
Proposal 3: In order to maintain the consistency of DeNB’s behavior, the “Un end marker” solution can be also used in other handover scenario for Alt2 with little additional expense.
3 Conclusion
In this document we investigated handover performance and indicated the following proposals:
Proposal 4: From the perspective of resource saving and latency reduction, handover optimization outbound from RN does not deserve to introduce more complexity.
Proposal 5: From the perspective of solving the procedure problem in handover from RN to D-eNB for Alt2, the “Un end marker” is a mandatory step to terminate transmission of the UE’s downlink data on Un.  
Proposal 6: In order to maintain the consistency of DeNB’s behavior, the “Un end marker” solution can be also used in other handover scenario for Alt2 with little additional expense.
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