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1
Introduction
In this contribution we analyze why Forward Hand-Off is needed to ensure good mobility support for some deployment scenarios for LTE.
Inter eNb mobility is a critical design subject, as it affects interruption time, reliability and system capacity. We believe that the current scheme is not sufficient to meet sufficient performance for some deployement scenarios.In particular we are very concerned about the performance of the current backward hand-off only based in the street corner case situation.

An analysis of the current situation and some simulation results are presented below.

2
Analysis
The current baseline is to rely on backward hand off only and in the case of radio link failure (i.e. re-establish on a target eNB via RRC_IDLE), which could happen for example in the street corner case scenario.
We believe this approach has several drawbacks:
· As the UE will go in RRC_IDLE, packet loss will occur. This will provoke bad user experience since this will stall TCP traffic and trigger throughput downgrade after re-establishment.
· As the UE go via RRC_IDLE, this will put extra load on MME for target eNb to fetch UE context and re-establish connection

· Re-establishment alone will take 100ms.

· Since, the procedure is not efficient at all, from both packet loss and interruption time perspective, one will not want the UE to trigger RLF too fast and hence timer T1 has to be set to a conservative value (e.g; 300ms, 500ms maybe more)

· Overall, the total interruption time will be very long, probably in the order of 500ms, possibly more.

All of this may be bearable if RLF happened only very infrequently. However we believe this is not the case. Worse we believe RLF is quite likely to happen in specific network scenarios, like the Manhattan deployment. Indeed, we do not see how the street corner effect can be efficiently handled with the current baseline. 
It can be argued that careful network planning will allow decreasing the occurrence of RLF. We agree this is true to some extent but we do not think network planning alone will be sufficient to virtually eliminate RLF. Besides such network planning would be extremely painful and early deployment that do not benefit from such high level of optimization will likely suffer significant RLF rates and the problem is likely to be even worse.

We see Forward Hand-Off as a low complexity scheme that will improve importantly user experience and mobility support in Manhattan like deployments and relieve need for perfect optimization for the early deployments.
3
Simulations results

Below are presented simulations results that show the occurrence of RLF and HO in a Manhattan deployment type with the current assumption of RLF failure procedure (i.e. no forward HO supported).
1.1. Simulation Assumption
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Figure 1
HO and RLF assumptions:

· Measurement interval:  10 (msec)

· Filter window for channel measurement:  110 and 200 (msec)

· Time to trigger measurement report: 10 and 50 (msec)

· HO threshold:  1 and 3 (dB)

· Handover message delay Td:  30 (msec) (the time it takes between UE sending the MR and UE receiving HO command)
· RLF threshold:  -6 and -8 (dB)

· RLF timer T1:  500 ms
· RRC_IDLE timer T2:  20,000 (msec)

· LTE_IDLE -> LTE_ACTIVE transition time:  100 (msec)


Mobility model [UMTS TR 101 112] 

· Speed distribution:  normal;  standard deviation: 3 (km/h)

· Minimum speed:  0 (km/h);  maximum speed:  60 (km/h)

· Mean speed:  30 (km/h)

· UE speed updated with probability 20% every 5 (m)

· At intersection:  UE moves straight with probability 0.5,  turns left and right with probability 0.25, respectively


Propagation model


[A] V. Erceg et al, “Urban/Suburban Out-of_Sight Propagation Modeling,” IEEE Commun. Mag., June 1992, pp. 56-61.


[B] S. Chia and P. Snow, “Characterizing Radio-Wave Propagation Behavior at 1700 MHz for Urban and Highway Microcells,” BT Labs.


[C] UMTS TR 101 112

1.2. Simulation Results

In this simulations UE are moving along the streets with the model described in section 1.1. We have counted the occurrence of HO, as well as the occurrence of RLF.

The tables below show the frequency of hand-offs and the probability to experience RLF per HO.

HO threshold = 3 dB
	 
	RLF threshold = -6 dB

TTT=50 ms
	RLF threshold = -8 dB

TTT=50 ms

	Time to reach HO (s)
	6.60
	6.79

	RLF per HO
	10.40%
	2.06%


Table 1 RLF rate with HO threshold = 3dB
HO threshold = 1 dB
	 
	RLF threshold = -6 dB

TTT=50 ms
	RLF threshold = -8 dB

TTT=50 ms

	Time to reach HO (s)
	4.63
	4.67

	RLF per HO
	3.09%
	0.64%










Table 2 RLF rate with HO threshold = 1dB
These results indicate that the Radio Link Failure rate is high with the current procedure. Depending on the parameters RLF can happen as frequently as every 63s (6.60 *100 /*10.40) which is not acceptable if the interruption time is each time around 500ms or more.
As one can see, reducing the TTT helps reducing the RLF probability; however we should bear in mind that setting a too short TTT will cause much more frequent HO and ping pong effects. This does not appear in these results because the UE are moving and need anyway to do a HO, whatever the TTT.
Similarly, decreasing the HO threshold helps anticipating the HO and helps preventing RLF. However, this also causes a large increase of HO occurrences with the associated impacts in terms of overhead and interruption time. This is also likely to cause more ping pong effects cases.
As a result, we believe RLF is quite likely to happen in some network deployments. We think the current LTE procedure is not sufficient to handle these RLF and needs to be improved. FHO will allow decreasing the interruption time to 70-90ms and will provide a lossless solution for RLF cases. We therefore believe that FHO in the radio link failure case should be supported to have a good mobility support in LTE. 
4
Conclusion
In this contribution we showed that forward HO has to be supported for LTE to provide an efficient lossless and low interruption time mobility support in at least some network deployement scenarios.
We propose to agree on the need to support Forward HO in the Radio Link Failure case.
In [3], we propose different options for Forward Hand-Off.
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Appendix
In these section are presented additional results from our simulations
Fixed Route Simulation
This simulations shows a good example of the SNR variations due to the street corner effects and how RLF happens in this context.
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HO triggering positions are marked by green straight lines


RLF positions are marked by black straight lines


HO threshold 3 dB


RLF threshold -6 dB is marked as black dash line


UE route is shown in the top figure


SNRs from different eNBs are shown in the middle figure


UE actual SIR is shown in the bottom figure, RLF due to corner effect is clearly illustrated











Cell layout:  72 cells


Simulation area:  6.5 km2


Building block size:  200m X 200m


Street width:  30m


Antenna pattern:  omni


Cell site antennas are marked as red triangle











