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1 Introduction

At the last RAN2 Ad Hoc meeting there have been a number of contributions addressing the issue of whether forward handover needs to be supported in LTE or not. Most of the contributions have argued against a forward handover scheme [1,2,3] by saying that it is sufficient to go via the LTE_IDLE to LTE_ACTIVE transition whenever a prepared handover cannot be performed due to radio link failure, due to DRX or due to some other reasons. Some other companies seemed to be more in favor of supporting forward handover [4,5] due to performance reasons. In this contribution we present a quantitative analysis of the potential performance impairments due to not supporting forward handover and conclude that the need for a forward handover scheme cannot really be motivated by performance reasons.
2 Discussion
It is a working assumption in 3GPP that for intra-LTE mobility handling a network controlled and prepared handover scheme should be used [6]. There might be, however, certain special cases when the network controlled and prepared handover cannot be executed. In such cases the UE loses its serving cell before the network could have detected and prepared the handover. It is worth differentiating two main situations when the UE may lose its serving cell depending on whether the UE is in DRX/DTX or not. Note that the UE may enter DRX/DTX while still being in LTE_ACTIVE. 
There are basically two approaches to handle the situation once the UE has lost its serving cell. The UE can either fall back to LTE_IDLE, perform a cell reselection and then, an LTE_IDLE to LTE_ACTIVE transition, or if forward handover is supported, it can remain in LTE_ACTIVE and after a cell reselection it can trigger a forward handover via the newly selected cell. 

In non-DRX/DTX, a radio link failure may happen if the radio channel changes so rapidly that it cannot be detected early enough by the measurements, which may be due to changes happening in a shorter time scale than the measurement interval or due to measurement inaccuracies, etc. In case the UE is in DRX/DTX mode the measurement periods are necessarily longer as well and thereby the likelihood of the radio link degrading to a bad quality during a measurement interval is also higher. That is, the probability of losing the serving cell is higher.
The performance implications of losing the serving cell are different depending on whether the UE is in DRX/DTX or not. Note that serving cell losses will occur with the same probability independent of forward handover is supported or not. The difference is only in the way how such cell losses are handled in the two cases. In case of non-DRX/DTX it is reasonable to assume that the UE is actively communicating by continuously sending and receiving packets. Losing the serving cell in this situation would result in losing all the buffered and in-transit packets at the source side, which may have a bad impact on the user perceived performance. In the other case when the UE is in DRX/DTX, there is no ongoing communication, implicitly meaning that similar packet losses as in the non-DRX/DTX case would not occur. The only risk of losing user data in this case is when a downlink packet comes in during the DRX/DTX period while the UE is no longer reachable in the serving cell (e.g., some application on the network side initiates communication). When the UE will wake up at the end of the DRX/DTX period, it will detect the loss of the cell, perform a cell reselection and finally it will make an LTE_IDLE to LTE_ACTIVE transition via MME signaling. During this period any incoming data will be routed to the source eNodeB and will never be delivered to the UE. Note that if forward handover is supported such packet losses can be avoided, since the target eNodeB will fetch the remaining data packets from the source eNodeB.
In the next chapter we present a more detailed analysis, which quantifies the above performance implications of not supporting forward handover in LTE.
3 Performance Analysis
The performance implications of not using forward handover have been investigated using a simple calculation based method combined with real cell measurement statistics. The measurement data has been taken in a real WCDMA network, where Ec/I0 measurements have been logged. The measurement data provides statistics about the time to radio link loss, which is the time elapsed from the last measurement instant when the current radio link was measured as the best link until the point when the radio link has been lost. In other words, this time gives us information about how fast a best radio link can turn into a lost radio link.
The results are summarized in Table 1. The table shows performance metrics both for the case when the UE loses the serving cell while being in non-DRX/DTX and also for the case when the UE loses the serving cell while being in DRX/DTX. The results are shown for three different propagation environments, highway (110 km/h), suburban (50 km/h) and indoor (3 km/h). In the non-DRX/DTX case it is assumed that the UE makes measurements at every 100 ms, while in the DRX/DTX mode the idle period is 1 sec, i.e., the UE makes measurements at every 1 sec. We assume that the UE handles the radio link failures by performing an LTE_IDLE to LTE_ACTIVE transition, which is assumed to last for 100 ms according to the requirements. Then the total outage time due to the radio link failure will be the time until the UE detects the radio link loss, which will be on average half of the measurement period, plus the LTE_IDLE to LTE_ACTIVE transition time. That is, the average outage time due to a radio link loss will be 150 ms and the worst case outage time will be 200 ms assuming the non-DRX/DTX case and 100 ms measurement intervals. We note that even if forward handover were supported there would be an outage time of approximately 50-70 ms in average, which corresponds to the time until the radio link failure is detected and the forward handover is executed.

The different values shown in the table are explained in more details below.
	
	Average time between cell changes [min]
	Losing the serving cell in non-DRX/DTX
(UE measurement period = 100 msec)
	Losing the serving cell in DRX/DTX  
(DRX/DTX period=1 sec)

	
	
	Cell loss prob.
	A cell loss occurs at every …
	Fraction of time TCP spends in recovery
	VoIP packet loss prob. (worst case)
	Cell loss prob.
	Loss prob. of incoming packet

	Highway
	0.18
	0.02
	9 min
	< 1.6 %
	0.5 % for <5.5% of calls
	0.1
	0.6 %

	Suburban
	0.15
	<< 0.01
	<< 15 min
	<< 1 %
	<< 0.5 % for
 << 3% of the calls
	0.02
	0.1 %

	Indoor
	0.3
	<< 0.01
	<< 30 min
	<<  0.5 %
	<< 0.5 % for 
<< 1.6 % of the calls
	0.07
	0.2 %


Table 1: Estimated performance impacts of not supporting forward handover
In the first column of the table the average time between cell changes, measured in minutes, are shown, which is obtained from the cell measurement statistics. The values are inline with those reported in [4]. Then the first group of columns includes performance metrics for the non-DRX/DTX case, while the second group of columns describes the DRX/DTX case. The cell loss probability, shown in the first column of the non-DRX/DTX part, is the probability that the UE loses its serving cell before a handover could have been prepared and executed. In other words, it is the probability of the current radio link changing from the best link to a lost link during a measurement interval. This probability is obtained from the CDF of the time to radio link loss, which is available in the measurement statistics. The next column shows the time interval at which cell losses will occur. It can be calculated from the average cell change period and the cell loss probability. 
Note that the cell loss probabilities shown in the table apply independent of whether forward handover is supported or not. The difference is only in the impact on the user perceived performance. The estimated TCP and VoIP performance degradation, shown in the next columns apply for the scenario when no forward handover is supported. We show the fraction of the time that a continuous TCP download will spend with recovery due to the buffer losses, which will occur at certain average intervals, given in the previous column. The TCP recovery time is obtained from testbed measurements and calculations according to [7]. The fraction of time that TCP spends in recovery can be also interpreted as an upper bound on how much the download time will increase due to the radio link failures if forward handover is not supported. As the numbers show, the download time may increase with approximately 1%, which may not even be visible for the end user.
For calculating the VoIP packet loss probability due to radio link failure we assume a 30 sec long call and one radio link failure occurring during the call. Then we relate the number of packets that will be lost during the outage time (150 ms on average) to the total number of packets sent during the lifetime of the call. The results show that radio link failures may result in a packet loss ratio of 0.5% for a few percent of the calls. Recall that even with forward handover there would be an average outage time of 50-70 ms. Note also that this scenario corresponds to the worst case as most of the calls will not experience a radio link failure at all, as it happens on average once only in every 9 minutes in the highway scenario and even less often in the other scenarios. Actually, there were no cell loss events logged in the measurement trace in the suburban and indoor environments given a UE measurement rate of 100 ms. Therefore, the corresponding cell loss probabilities shown in the table are conservative upper bounds derived from the statistics. 
To estimate the performance in the DRX/DTX case, first, we obtain the cell loss probability from the cell measurement statistics, assuming a DRX/DTX period of 1 sec. Then we can calculate from the cell loss probability and from the handover rate how often a cell loss will occur and then we relate the average outage time (0.5+0.1 sec) to the average time between cell losses, which gives the probability that an incoming packet can get lost. Note that this packet loss probability applies for the initial downlink packet only and not for the packets sent after the call has been established. The initial packet might be a call setup message e.g., a SIP signaling message. In case, it is lost the call setup may be delayed, as the setup message will need to be retransmitted. However, if this happens only rarely, i.e., approximately once out of 160 calls initiated toward one particular UE, as it is shown by the results (highway, 0.6%), then it is well tolerable. 
It also needs to be mentioned that for high speed moving UEs DRX/DTX is best supported in LTE_IDLE mode, that is, such UEs are better to be switched to LTE_IDLE. Only static and low speed moving UEs may be allowed to enter DRX/DTX while being in LTE_ACTIVE. 
As a summary of the analysis above we can conclude that in the non-DRX/DTX case as long as the UE performs cell measurements frequently enough (e.g., at every 100 ms), it will happen very rarely and only in high speed mobility scenarios that the network controlled handover cannot be prepared and the UE loses its serving cell. Therefore, no major impact on the user perceived performance can be expected. In the DRX/DTX case the probability of losing the serving cell will be higher, however, the impact on the user perceived performance remains insignificant. Moreover, for high speed moving UEs DRX/DTX is better supported in LTE_IDLE. 
4 Protocol Aspects

Supporting forward handover would require specifying two ways of doing handover, which would increase system complexity and would be in conflict with the LTE requirement for a low cost and low complexity system. By relying on the LTE_IDLE state to recover from radio link failures we can reuse the same LTE_IDLE to LTE_ACTVE procedure without modification, which is normally used for UE initiated service requests as well. That is, no new procedure needs to be introduced and the complexity of the system can be kept low.
5 Conclusion

In this contribution we have shown based on a quantitative performance evaluation that a forward handover scheme is not necessary from a performance point of view for the handling of radio link failures. Therefore we propose for RAN2 to agree on that the handling of radio link failure cases (in LTE_ACTIVE) both in DRX/DTX and in non-DRX/DTX mode should be done via the LTE_IDLE to LTE_ACTVE state transition procedure.
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