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1 Introduction

In the RAN2#84, the UE based early RLF termination schemes were discussed like short T310 and using a second timer T310b after expiry of TTT. Also it was agreed to send an LS to RAN3 for evaluating the feasibility of context fetch from RAN perspective. In this contribution we further analyze the T310b approach which can be considered if RAN3 replies in negative.
2 Discussion
In RAN2#84 it was proposed to use a second timer (referred to as T310b) when the handover is ongoing while the T310 is running [1]. The rationale of such an approach is that it gives an additional time to UE for completing the handover before triggering the RLF while also giving some additional time for chance of recovery from RLF situation. However the exact realization of T310b was not clear from the proposal. So in this contribution we attempt to provide the possible approaches to realize T310b and compare them based on our simulation results.
T310b can be realized in the following ways:-

1. A fixed time period is configured for T310b. UE starts T310b at the expiry of TTT and performs re-establishment at the expiry of T310b. This is further referred to as T310b scheme.
2. T310b is terminated after successful transmission of Measurement Report (MR) by the UE. This is further referred to as T310bMR scheme.
a. If the MR cannot be sent during the T310b period then at the expiry of T310b the UE starts re-establishment.
Another early T310 termination scheme that was proposed in [2] is that the UE will wait till successful transmission of MR for triggering re-establishment. In this scheme T310b is not used. This is further referred to as ETMR scheme.

Further it is to be noted that the performance of such early termination schemes is heavily dependent on whether a target cell for the connection re-establishment is prepared or not. As shown in [2], if the MR is received by the serving eNB then most of the time the re-establishment is the prepared one.
The key parameters in the simulation setup are:-

· Number of picocells per macrocell: 10
· UE speed: 30 km/h
· HO triggering condition: A3 with 2dB offset
· L1 filter: On with sliding window and L3 filter: K=1.
· Linear UE trajectory model
The metrics considered for evaluation are:-

· Re-establishment Time: It indicates the time in which a UE performs RRC connection re-establishment when the UE declares RLF. During this time, the service is completely interrupted as the UE cannot communicate with any eNB (from higher layer service perspective) because its RRC connection is not re-established yet. The values considered are [3]:- 
· Re-establishment towards a prepared cell => 250 ms

· Re-establishment towards an unprepared cell => 450ms

· Outage Time: It indicates the time in which a UE observes Qout. During this time, the UE may experience a bad link quality that is less than Qout.
The Total Service Interruption Time is defined as the sum of Re-establishment Time and Outage Time. 
In the last meeting the performance of early termination schemes were compared with the baseline T310 scheme as illustrated in Figure 1. The schemes compared were:-

· T310 Early Termination after TTT (ETTTT)

· T310 Early termination after MR (ETMR)
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Figure 1
It can be observed that:-
· Compared to ETTTT, ETMR can reduce the interruption time caused by re-establishment
· Compared to baseline scheme (T310 = 1000ms), ETMR reduces the outage time. On the other hand, the ETMR scheme increases the re-establishment time marginally with respect to the baseline scheme.

Observation 1: ETMR performs reasonably well as compared with ETTTT and baseline T310 (1000ms) schemes for reducing the total service interruption time in dense HetNet environment (10 picocells per macrocell)
Further we analyze the performance of the two realizations of T310b with respect to the outage time, total service interruption time and re-establishment time. The simulation results are illustrated in Figure 2.
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Figure 2
It can be observed from Figure 2 that if T310b value is increased, it leads to an increase in outage time while the re-establishment time is marginally decreased. This can be attributed to the fact that longer T310b implies that UE needs to experience outage condition for a longer time while the re-establishment time decreases as the UE gets some more time for sending the MR. Since the decrease in re-establishment time is not significant, T310b can preferably be set to a smaller value (for eg 160ms).

Next it can be observed that if T310b is set to a smaller value, it outperforms ETMR scheme in terms of outage time while maintaining similar re-establishment time.

Further it is observed from Figure 2 that the T310bMR scheme performs comparably to the T310b scheme with respect to the considered metrics. It is to be noted that in Figure 2, T310bMR scheme is used with T310b set to 160ms. The re-establishment time is slightly higher in T310bMR scheme than the T310b scheme because in T310b scheme there is some chance of recovery from RLF situation even after sending the MR.
Observation 2: T310b scheme can outperform ETMR if T310b is set to a reasonably small value.
Observation 3: T310bMR scheme performs comparable to the T310b scheme.
3 Conclusion
Based on the above discussions, we have the following observations:-
Observation 1: ETMR performs reasonably well as compared with ETTTT and baseline T310 (1000ms) schemes for reducing the total service interruption time in dense HetNet environment (10 picocells per macrocell)
Observation 2: T310b scheme can outperform ETMR if T310b is set to a reasonably small value.
Observation 3: T310bMR scheme performs comparably to the T310b scheme.
4 References

[1] 

R2-133947
Fast RLF recovery: Early termination and shortened T310 compared
Ericsson

[2] 

R2-134172
Further Investigation of Early T310 Termination

Samsung
[3] 

R2- 133596
Analysis of T310 Management Schemes
Samsung
�PAGE \# "'Page: '#'�'"  �� � HYPERLINK "http://www.3gpp.org/ftp/Information/DocNum_FTP_structure_V3.zip" ��Document numbers� are allocated by the Working Group Secretary.   Use the format of document number specified by the � HYPERLINK "http://www.3gpp.org/About/WP.htm" ��3GPP Working Procedures�.





Page 1

