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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 [2] we presented one way to decrease the UE disconnection 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 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.
The results show that the difference in terms of UE disconnection time between introducing this second T310b compared to a generally shorter T310 is insignificant. Furthermore, in both cases, using a shorter T310 or T310b gives an increase in handover failures. 

2 Discussion
2.1 Purpose of a shorter T310

We have illustrated this most common failure scenario in Figure 1. Having received the measurement report and performed the handover decision, the source eNB will prepare the target eNB over X2, so that the target eNB is prepared to receive the UE. The UE moving out of the pico coverage and failing to receive the handover command will eventually receive out-of-sync indication from Layer 1 and start timer T310. The purpose of timer T310 is to avoid premature RLF declaration. When T310 expires, the UE will declare RLF and trigger RRC re-establishment procedure in the strongest cell. The strongest cell is likely to be the same cell reported strongest in the measurement report triggering the handover, and thus already prepared. Therefore, it is likely that the UE will be able to successfully perform the RRC re-establishment procedure in the target cell keeping the UE in RRC connected state. This means that the user only perceives a brief interruption in the user data transmission.
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Figure 1: Handover failure and succeeding RRC re-establishment, current procedure

In the above scenario, it seems unnecessary for the UE to wait for timer T310 to expire before triggering the RRC re-establishment procedure towards the target eNB, given that the target eNB is likely to be prepared for the UE much earlier. In TR 36.839, the value for T310 is 1 second. The UE will be unable to receive or transmit data while in out-of-sync state. Typically, a T310 timer of this duration is appropriate as it increases the chance that the UE gets in-sync again and can maintain connectivity. A shorter T310 value would increase the probability of performing an unnecessary re-establishment to a potentially unprepared cell. 

However, if the UE experiences out-of-sync after it has triggered an A3 event and has transmitted the measurement report, it could apply a shorter RLF timer T310, before triggering the RRC re-establishment procedure towards the strongest cell, see Figure 2. This would allow the UE to trigger the RRC re-establishment procedure sooner and allow a shorter interruption time for the user data. 
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Figure 2: Handover failure and succeeding RRC re-establishment, alternative procedure

The success of the RRC re-establishment procedure will depend on whether a handover decision was taken by the source eNB. If the decision is positive, the target will be prepared through the handover preparation handshake and the RRC re-establishment procedure is likely to succeed. If the handover decision was negative, the RRC re-establishment procedure will not succeed, but that would have likely been the case also with a longer RLF timer T310.

Observation 1 The purpose of a shorter T310 would be to trigger RRC re-establishment earlier, as it is unlikely that the UE will recover before T310 expiry.

2.2 Introduction of T310b
It is also possible to introduce a second, shorter “T310b” alongside the legacy T310. T310b would only start if the out-of-sync notification arrives after TTT is started, i.e. it would only start in handover situations. Upon expiry of T310b RLF is declared and the re-establishment procedure is initiated. This can be illustrated in Figure 3.

[image: image3]
Figure 3: Fast RLF recovery procedure.
T310b can be seen as “maximum handover preparation time” in this scenario, because it is not started after the handover command is received. In case of handover, an expiry time shorter than 1s makes sense, since the maximum handover preparation time is usually significantly shorter than 1s. However, in case or handover or not, the radio link might recover, so T310b has to be carefully balanced between triggering RLF too quickly and letting the UE wait too long.
There is an open question which timer starts first, T310 or TTT. Our simulations show that a vast majority of out-of-sync notifications are received during the handover process, i.e. after the TTT has been started. This makes sense because 3GPP Case 1 is not coverage-limited. Thus, triggering RLF without initiated handover is not common, as that would indicate a coverage hole.
2.3 Analysis of possible failure cases
There are a number of cases for handover failure for a pico to macro handover. It is of interest to investigate these in more detail to establish the cases where a shorter T310 would improve performance as the target eNB needs to be prepared. We list the following failure cases.

1)
Radio link failure before measurement report is sent
Target eNB will not be prepared, handover is not initiated.
2)
Scheduling request for the measurement report is not received
Target eNB will not be prepared, handover is not initiated.
3)
UL grant for the measurement report is not received
Target eNB will not be prepared, handover is not initiated. 

4)
Measurement report is not received
Target eNB will not be prepared, UE starts poll timer triggering RLC retransmissions which expires after 5 attempts (~225ms).
5)
RLC status report for measurement report is not received
Target eNB will be prepared, UE will retransmit the measurement report 5 times without receiving the RLC status report (~225ms).
6)
Handover command is not received
Target eNB will be prepared. UE is waiting, network will start RLC poll timer, after 5 retransmissions network will consider handover failure. Subsequent behaviour is network implementation specific. 

Because we are only looking at handover failures from pico to macro, cases 2 and 4 are less likely to occur as the UL to the pico probably will be better than the DL. Furthermore, for cases 1, 2, and 3, the target eNB is not prepared, so a re-establishment would most likely fail. Our proposed shortened T310 would not improve mobility robustness. For case 5 a fast RLF would only have an impact if it occurs before the RLC triggers an RLF due to the number of failed retransmissions. We are left with cases 5 and 6 where a fast RLF would potentially have an impact. 
Observation 2 Out of all the handover failure cases, potential gains using fast RLF can only be expected for failure of transmission of the handover command. Depending on how fast the fast RLF is, a potential gain can also be expected for failures of transmission of the RLC status report of the measurement report.
2.4 Disconnection time
The purpose of the fast RLF is to shorten the disconnection time. We define this to be the time from T310 is started until the RRC connection is re-established. The disconnection time is made up of the following components.

-
1000 ms (default) T310
-
100-800 ms time to sync to the new cell. However, in this scenario all cells are on the same carrier, hence it can be assumed that the time will be closer to 100 ms than 800 ms.
-
58-122 ms time for Random Access procedure and subsequent reestablishment request.
-
80-320 ms for System information acquisition.
-
100 ms time if target not prepared to go back to idle.
In total, the disconnection time should be about 1500-1700 ms. It should be noted that with the fast RLF we can only reduce the first component of the total disconnection time.

3 Simulation setup

The setup is similar to what is recommended in TR36.839 with set 3. Notable deviations listed below. 

	Parameter
	Value
	Comment

	Number of OFDM symbols for PDCCH
	1
	Used to increase the PDCCH load

	Number of picos per macro
	1
	

	Distance from macro to pico
	240 m
	Non-random placement

	Share of indoor users
	100%
	20 dB extra loss

	Number of background users
	630
	420 uniformly distributed, 210 in hotspot

	Speed for background users
	0 km/h
	Multipath fading corresponding to 3 km/h

	Application model for background users
	FTP
	400 kB DL and 100 kB UL, 10 s reading time

	Number of focus users
	630
	All uniformly distributed

	Speed of focus users
	30 km/h
	

	Application model for focus users
	VoIP
	

	CRE 
	0 dB
	Not used

	ABS
	Off
	Not used


4 Results
In this section we present the results, starting with handover type. The main comparison is between an additional timer T310b (shown to the left in the figures) and legacy timer T310 (shown to the right). The value for respective timer is shown on the x-axis. R denotes the reference case, 1 second. 
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Figure 4: Handover type. Results for additional shortened T310b are showed to the left and shortened legacy T310 to the right.
Observation of Figure 4: On average a UE is handed over 2.6 times per minute between the macro cells as well as 1.6 times per minute from or to a pico cell. The setting of T310 or T310b does not have a major impact on the handover frequency. 
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Figure 5: Handover failure type. Results for additional shortened T310b are showed to the left and shortened legacy T310 to the right.
Observation of Figure 5: About half of the failures observed in this scenario are macro-macro failures. Most of the remaining failures are pico-macro failures. The imbalance between pico-macro failures and macro-pico failures can partly be explained with the load imbalance for PDCCH/PDSCH, since the load is high in the macro, but low in the pico.
The failure frequency increases with decrease of T310, both in case of the additional shortened T310b, as well as the generally lower T310. When comparing the two options, performance is similar except for the setting of 0.0 s. In this case the performance for T310b is better than T310, the reason begin that setting T310 to 0.0 s creates radio link failures before A3 (denoted “Pico RLM”) or during TTT.
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Figure 6: Handover failure reasons and corresponding state of the handover procedure. Results for additional shortened T310b are showed to the left and shortened legacy T310 to the right. 
Observation for Figure 6: More than 3/4 of the failures are detected by the UE triggering RLF after T310 or T310b expiry during the handover preparation, i.e. while either measurement report is currently transmitted, the target cell is prepared, or while the handover command is transmitted to the UE. As the second most frequent failure reason the UE registers RLC transmission failure, since it is unable to receive the status report for the sent measurement report (see failure case 5 above). Further analysis revealed that in 50% of all failures the measurement report had been received by the network so that the target cell can be prepared. For the generally shortened T310 is becomes obvious that very short values lead to RLFs even before the handover procedure had been initiated. 
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Figure 7: Disconnected time CDF for each disconnect. Results for additional shortened T310b are showed to the left and shortened legacy T310 to the right.
Observation for Figure 7: The CDF shows the distribution of the disconnection time (for each disconnection instance, not accumulated over all users). We can see that the maximum value is around 1.5s which is in line with the analysis of disconnection time in section 2.4. It becomes clear that the disconnection time can be reduced in about 75-80% of the cases with a reduction of T310 or T310b. The gain appears to be significant in its magnitude, but needs to be related to the gain that can be achieved in the accumulated disconnected time per UE, i.e. also considering how often a UE is disconnected. This is shown in Figure 8.
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Figure 8: Disconnected time CDF, showing the total time of T310b (left) or T310 (right) running as fraction of total simulation time.
Observations from Figure 8: Looking at all UEs in the system, it becomes obvious that about 35% are disconnected for a certain time. A reduction in the disconnected time for those UEs worth mentioning can be achieved in 1/3 of the cases. As this figure is taking both frequency (so also handover failures) and actual duration of the disconnections into account, it becomes obvious that the shortest value for T310, i.e. 0.0–0.1 seconds provides the highest gain. However, this gain can be achieved also by using a general reduction of T310 in the pico cell. 
5 Conclusion
For the investigated scenario, no significant benefits with a new T310 timer can be seen. Shortening the legacy T310 timer leads to a reduction in disconnection time but also to an increase in the number of handover failures. Thus, introduction of a new T310 timer does not seem necessary for this investigated scenario.
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