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1. Introduction

Handover performance of relay architectures was discussed last meeting. It was argued that some architectures outperform others because of reduced jitter, amount of data going back and forth over the Un. This contribution aims to analyze the handover performance in more detail. 
2. Discussion 
2.1 Amount of unnecessary data forwarding.

Figure 1 shows the signaling flows for handover with the relay node as the source ENB. 
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Fig 1. Handover signaling flow
In the architecture where DENB is transparent to the handover, data is forwarded from the S-GW to the D-ENB and finally to the RN until path switch is instructed to the S-GW (as denoted point A in the figure 1).Thus there are 3 types of data forwarding in architecutre 1 and 3.
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Fig 2. Types of data forwarding
For the discussion, let’s call them type 1 ~ type 3 forwarding.  All the data sent to the RN and successfully transmitted to the UE before handover execution are subject to the type 1 forwarding. When handover is executed, DL packets arrived RN before but not successfully tranmsitted yet and those arrives after handover execution are subjected to the type 2 forwarding. After handover is completed and path is switched to the target ENB, DL packets are forwarded to the target ENB directly and are subjected to the type 3 forwarding.
In the architecture where DENB is involved in the handover, data path can be swithed to the target ENB directly by the DENB when DENB receives HO request ACK message from the MME (at the point B in the figure 1). Thus there is one more type of data forwarding in architecture 2 and 4.
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DL packets arriving after HO request ACK is received by DENB are forwarded to the target ENB directly that are subject to type 2-1 forwarding.
As the difference between two parties, DL packets equivalent to those subject to type 2-1 forwarding are unnecessarily forwarded over Un back and forth in the architecture 1/3. The amount of type 2-1 DL packets could be approximated with the following equation. 

Amount of  type 2-1 forwarding = average data rate during the period ⅹ length of the period

Average data rate is the data rate over the Un for the concerned UE under the handover procedure. With an application level flow control, the average data rate over the Un and the average data rate over the Uu would be similar and the average data rate over Uu in the cell edge could used for the approximation. 

Usually, data rate at cell edge is quite low. Assuming 10 UEs in a cell, the spectral efficiency in cell edge UE is 0.06 bps/Hz/user (according to the RAN1’s  LTE performance verification). In 10 MHz system, the average data rate is then 600 Kbps. 

Period is the duration from the moment HO request ACK is received by the DENB to the moment path is switched by the S-GW. With some assumptions, the length of the period is estimated to 81.3 msec (see Annex for detail). 
From above the additional data unnecessarily forwarded to the RN in the architecture 1/3 is calculated as 48,780 bit. To see how much it means, it is compared with the total amount of data transmitted in the cell for the concerned UE. The average spectral efficiency is assumed as 0.19 bps/Hz/User, which is according to RAN1’s  LTE performance verification.
<Table 1>
	Handover interval (sec)
	1
	2
	10
	100

	Amount of data unnecessarily transmitted over Un (bit)
	48,780
	48,780
	48,780
	48,780

	total data transmitted in a cell (bit)
	1,900,000
	3,800,000
	19,000,000
	190,000,000

	ratio of unnecessary transmission and valid transmission
	2.57%
	1.29%
	0.26%
	0.03%


2.2 Reduced jitter
Because of early switching, alternvative 2/4 reduces jitter especially for the packets arrives DENB after handover is executed. Jitter is a factor affecting ueser perceived QoS and system throughput. If jitter goes beyond a certain threshold, packet is discarded either in the playout buffer or in the transmitting side. This results in QoS degradation in  user perception for real time services like VoIP. However it should be noted that the threshold in the transmitting side is set to sufficiently high value so the variation of tens of msec does not trigger the discarding because playout buffer usually has de-jitter capability. Jitter could also trigger unnecessary retransmission in TCP application. If a packet is delayed too much so that RTO timer expires, retransmission is triggered in the TPC transmitter unnecessarily . However RTO timer is usually set to high value to be not affected by tens of msec’s jitter increase. Another impact of jitter is the peformance degradation. If absolute delay increase due to jitter increase, mean throughput of TCP application decreases. However the delay is normalized by the total time period so a temporal increase during the short period of time e.g. handover does not affect the throughput a lot.

Probably VoIP is most vulnerable to jitter variation, so the jitter aspect is analyzed below with the VoIP in mind. Following model is assumed. 
· DL packets arrives DENB in average 20 msec interval

· DL packets arrives RN in average 20 msec interval

· RN buffers DL packets to emit them in the constant 20 msec interval.

· Jitter is measured at the Uu interface (i.e. at RN or target ENB)
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Fig 4Jitter in the architecture 1/3
Figure 4 depicts the jitter varation in the architecture 1/3. Assuming DL pkt (n) is the last packet transmitted to the UE by RN before handover command, DL pkt (n+1) is expected to be transmitted 20 msec later by the target ENB after handover. However, DL pkt (n+1) is transmitted at the earlier moment between when DL pkt (n+1) is available at the target ENB and when UE completes the handover. The later delay is analyzed to be around 50 msec (See the annex). The former delay in the architecture 1/3 is the sum of two factors; UL transmission delay over Un and Transmission delay over X2. Assuming the sum of transmission delays does not exceed handover interruption time, jitter is ruled by the handover interruption delay rather than the packet forwarding delay. 
In the architecture 2/4, DL packets arriving DENB after HO request ACK is forwarded to the target ENB directly thus DL packets will be available at the target ENB earlier. The DL packets will be waiting until the handover is completed. It is depicted in the figure 5.
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Fig 5 Jitter in the architecture 2/4
Thus even though DL packets are available at the target ENB in the much earlier moment in the architecture 2/4, the jitter will be same as long as handover interruption time exceeds the packet forwarding delay. The difference is only visible when the packet forwarding delay exceeds the handover interruption time. Even in such case, the difference is limited to the difference between the packet forwarding delay and the handover interruption time as in the figure 6. 
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3. Conclusion
Two aspects are analyzed to show the difference between architectures in terms of handover performance. In the bandwidth efficiency point of view, architecture 2/4 outperforms architecture 1/3. But the gain is trivial. In jitter point of view, architecture 2/4 could outperform architecture 1/3 in the case where handover interruption delay is less than the packet forwarding delay. Again the gain would be trivial in most cases. 
The degree of outperformance seems not making real difference. It is proposed to not consider the handover performance in the evaluation. 
Annex. Handover interruption time calculation
 The difference between ALT 1/3 & ALT 2/4 is that DL packet is switched earlier in ALT 2/4. In D-ENB point of view, the amount of time by which DL packet switch takes place earlier in ALT 2/4 is shown in the figure 5. 
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	The time difference between steps are anlyzed in the table below.
　
	Steps
	Delay 
	Assumption

	　
	HO request ACK received by D-ENB
	0
	　

	　
	HO request ACK is transmitted over Un
	2.5
	2 DL BHSFs per radio frame 

	　
	HO request ACK is received by RN
	2.6
	operating point of 1.2 & RTT of 8 msec

	　
	HO command is transmitted to the UE
	2
	RN processing delay to parse HO command

	HO interruption time = 54.2 msec
	HO command is received by UE 
	2.6
	operating point of 1.2 & RTT of 8 msec

	
	HO command is decoded by UE
	15
	UE processing delay defined in 36.331

	
	UE synchronized to the target cell and send the first preamble
	25
	according to the interruption delay defined in 36.133.10 msec PRACH interval is assumed

	
	RAR is received
	3
	Preameble transmission successful at the first trial. RAR is scheduled right away.

	
	Handover complete message is recieved by target ENB 
	8.6
	operating point of 1.2 & RTT of 8 msec

	　
	Path switch message is transmitted to the MME
	10
	wild guess

	　
	Path switch message is transmitted to the S-GW
	10
	wild guess

	　
	Total
	81.3
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