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1 Introduction

The study item Mobility enhancements in heterogeneous networks (3GPP TR 36.839 [1]) has been finalized with the overall conclusion that handover performance in heterogeneous network deployments is not as good as in pure macro network deployments.

In [4] we evaluated one potential way to decrease the UE’s overall service-interruption-time in case of handover failure. By applying a shortened Radio Link Failure timer T310 the UE can start the subsequent re-establishment procedure earlier. 
In this contribution we present further simulation results comparing the performance gain of using a second shortened T310b in case of handover with the usage of a generally shortened legacy T310 in the pico cells. Thereby, we consider simulation alignment agreements from email discussion [5]. Furthermore, we include in the comparison the adaptive early termination scheme presented in [6], [8].
2 Discussion
The idea of applying shorter T310 values for UEs undergoing a handover procedure than for UEs not undergoing a handover procedure had been evaluated by various companies.

While shortening the T310 timer generally shortens the UE outage time, it may lead to more frequency radio link failures, since 
1.
the radio link is not able to recover anymore
2.
the handover procedure might be terminated too early. 
Especially for the latter case it should be noted that a UE having triggered T310 may still be able to transmit and receive handover related RRC signalling [7]. Our approach of using an additional short T310b timer in case of out of sync and expired A3-TTT, provides a compromise between a too early termination of T310, and a too long general T310. A short T310 leaves the UE some time to complete the handover procedure successfully before triggering RLF.
3 Simulation setup

The setup is similar to what is recommended in TR36.839 [1] with Set 3. Notable deviations listed below. 

	Parameter
	Value
	Comment

	Number of picos per macro
	4
	

	Distance from macro to pico
	250 m
	Non-random placement along cell edge

	Share of indoor users
	100%
	20 dB extra loss

	User traffic type
	630 fullbuffer users
	( Macro load: 100%

( Pico load: 100%

	Speed of users
	30 km/h
	

	CRE 
	2 dB
	

	ABS
	Off
	Not used


Furthermore, our assumptions regarding delays for prepared and unprepared RRC-Reestablishment procedure are in line with simulation assumptions agreed in email discussion [5]. In particular, we modelled a delay of 250ms for a prepared re-establishment and 450ms for a recovery from IDLE due to unprepared target cell.
4 Results
In this section we present our simulation results. The main comparison is between:
-
“R1.0”


Reference case with T310 = 1.0s

-
“n0.5” - “n0.16”
Additional short timer T310b in pico started if A3-TTT expires and T310 is running 


or when started [4].

-
“n0.0”


Early termination of T310 in pico; RLF is declared if A3-TTT expires and T310 is 


running or when started (T310b = 0.0s in [4], “adaptive T310” in [8])
-
“nQC”


Adaptive T310 scheme according to [6], [8] in pico
; RLF is declared at A3-TTT 


expiry if T310 is already running; or T310 = 160ms if TTT has expired before T310 


start

-
“p0.5” - “p0.0”
Shortened legacy T310 in pico

Enhancements to T310 are only applied for Pico-UEs. Macro UEs always use a legacy timer of T310 = 1s.
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Figure 1: Handover frequency per type.
Observation of Figure 1: For the reference case a handover initiation frequency of ~6.5 handovers/minute can be observed. A handover is counted as initiated when the handover command is sent. Most of these handovers relate to non-macro handovers, i.e. macro-pico, pico-macro and also pico-pico. For the cases where very short T310 timers in the pico cells (“n0.0”, “nQC”) a fraction of the handovers in the reference case could not be initiated, since radio link failure was triggered even before. This trend becomes also visible for the always shortened pico T310 (“p0.5” – “p0.0”).
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Figure 2: Handover failure frequency per type.
Observation of Figure 2: We observe an increasing number of pico-macro failures, as well as pico-pico failures for the more and more decreased additional shortened T310b (“n0.5” – “n0.16”). Failures even before A3 event happen in case of the generally shortened T310 timers (“p0.5” – “p0.0”), denoted as “pico RLF”. In particular, a significant relative increase in the radio link failures becomes apparent for both early termination schemes (“n0.0”, “nQC”). 
As we can conclude from the increased pico RLFs for generally shortened T310 for pico users, T310 is in the simulated scenario usually started before or in the beginning of the handover procedure. This explains also the high failure rates for “n0.0” and “nQC”. Since “nQC” does apply a shortened T310 of 160ms for cases where A3-TTT expires before T310 starts, the “nQC” approach performs somewhat better, however, still with an unacceptable high failure rate as compared to the reference case.
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Figure 3: Average total service interruption time per UE and simulation time. 
In Figure 3, the total service interruption time per UE is defined as the sum of 

-
Outage time 
Time T310 is running while DRBs are active 

-
DRB interrupt 
DRB inactive due to on-going handover procedure, RRC-reestablishment or 



recovery from IDLE

Observation for Figure 3: A slight decrease in terms of outage time can be observed for “n0.5”-“n0.16”, while the DRB interruption time increases somewhat. In total the overall interruption could only be reduced minimally. Always reducing the pico T310 (“p0.5”-“p0.0”) reduced the outage time significantly, but this gain is compromised by the strongly increased DRB interruption time due to the many radio link failures, which are likely to happen before the target cell is prepared leading to an even higher delay. 
The early termination approaches “n0.0” and “nQC” both lead to a strongly increased interruption time, also related to the large increase of radio link failures and their additional delays, especially in case of unprepared target cells. 

Theoretically, even when assuming that the target cell is always prepared and we would assume a 250ms delay instead of 450ms for the DRB interrupt times per radio link failure, the total service interruption times could not be significantly lower than for the reference case.  
5 Conclusion
Based on the simulation results presented in Section 4, we conclude with the following observations:
Observation 1 
Always configuring a short T310 in the pico cell increases the total interruption time. The reason is that the number of RLFs is significantly increased due to RLF triggered before or in the beginning of the handover procedure.  The benefit of shortened outage time due to T310 is lost due to significantly increased DRB interrupt due to the increased amount of re-establishment procedures.

Observation 2 
The T310 early termination schemes increase the total interruption time for the same reasons. Since RLF is triggered directly after A3-TTT, the handover procedure cannot finish successfully.

Observation 3 
The shortened T310b timer scheme provides a compromise of the two approaches above. It is able to decrease the total interruption time (by ~10%). As the short T310b is used only once the A3-TTT expires, but still allows the UE to complete the handover procedure successfully, the increase in total number of RLFs is kept limited. Thus, also the time spent in re-establishment is limited, and so is the total interruption time. The reduction of total interruption time though is quite modest, and that relates to the fairly low handover failure rate in the simulated scenario.
Proposal 1 Consider adding the shortened T310b timer to reduce the UE’s overall service interruption time during RLF.
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