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1. Introduction 
In LTE, when handover failure (HOF) occurs, the interruption time increases tremendoulsy to more than hundreds msec. Therefore, the avoidance of HOFs takes priority over the fast HOF recovery as proposed in [1]. RAN2 agreed to consider a conditional handover (CHO) for handover robustness improvements in NR and LTE Mobility Enhancements WI. However, even if we consider the CHO for the mobility robustness, restricting the signalling overhead to a reasonable level can not prevent all HOFs.
In this contribution, we discuss an event-based faster pseudo-RLF trigger to speed up the RRC connection re-establishment procedure to a much better neighbor cell and decrease the outage time. This is the revision of R2-1906568 to restructure the paper and provide the simulation results.
2. Discussion
Interruption Time for Normal Handover vs. Re-establishment

During an HO, the UE declares an RLF in the source cell after the expiry of T310 timer. However, if an HO command is missed in the HO process, the UE goes very deep into a neighbor cell and suffers from severe interferences until an RLF is declared. When the UE experiences an RLF and attempts to recover the connection towards an prepared or unprepared cell, U-plane interruption time consists of the components shown in Table 1 [2], [3], [4], in LTE.
Table 1. Components of U-plane Interruption Time in Re-establishment Procedure 

	No.
	Components of 
U-plane interruption time
	Notes

	1)
	T310
	A typical value is 1000 ms

	2)
	UE re-establishment delay 
(TUE-re-establish_delay)
	50 ms + Nfreq*Tsearch + TSI + TPRACH 

Tsearch: 100 ms (known cell) or 800 ms (unknown cell)

Nfreq: the total number of frequencies to be monitored

	3)
	RRC procedure delay 
for re-establishment
	40 ms. RA procedure delay of 10 ms is included in 2).

	4)
	NAS recovery delay
(only after re-establishment failure)
	200 ms 


Whereas the interruption time for normal handover shall be less than Tinterrupt = Tsearch + TIU + 20 ms, where Tsearch = 0 ms, if the target cell is known [4].

Observation 1: With traditional timer-based RLF trigger, if an HO command is missed in the HO process, the UE goes very deep into a neighbor cell and suffers from severe interferences until an RLF is declared.
Observation 2: The interruption time in re-establishment procedure consists of the components as following:
1) T310 
2) UE re-establishment delay: 50 ms + Nfreq*Tsearch + TSI + TPRACH

3) RRC procedure delay
4) NAS recovery delay (only in re-establishment failure case).
No. 1) T310 reduction
In most cases, T310 is terminated when one or more neighbor cells are “much” much better than the serving cell. From Rel-12 LTE, T312 has been introduced to allow fast recovery from an RLF during the HO process. The UE can start T312 upon triggering an MR while T310 is running. That is because there is a good chance that at least one neighbor cell are much better than the serving cell. It can decrease the outage time and increase the user data rate, but may increase the interruption time caused by the unnecessary RLF and RRC connection re-establishment procedure. The “outage time” and “interruption time” are based on the discussion in the HetNet mobility WI as follows [2]:

•
Outage time: the time during which T310 is running
•
Interruption time: interruption time due to handover or RRC connection re-establishment
· Prepared RRC connection re-establishment: 250ms
· SIB acquisition = 200ms

· Random access + RRC procedure delay = 50ms

· Unprepared RRC connection re-establishment: 450ms
· SIB acquisition = 200ms

· Random access + RRC procedure delay = 50ms

· Cell selection + NAS recovery = 200ms

It was also suggested in [5] that for a T310 early termination, when T310 is running and the neighbor cell’s RSRP is greater than serving cell’s by the “RLF offset”, the UE will terminate T310 and perform RRC connection re-establishment. That is because it is 100% certain that the neighbor cell are much better than the serving cell. However, two approaches (i.e., T312 and “RLF offset” solution) can reduce but not totally remove the outage time because the UE can start T312 or check “RLF offset” only when T310 is running.
Observation 3: T312 can reduce but not totally remove the outage time.
For an aggressive approach, when a neighbor cell is much better than the serving cell after an MR was sent and the UE can infer a strong possibility of an HO command failure, an event-based faster pseudo-RLF can be triggered even when T310 is not running and the UE can perform RRC connection re-establishment. It can decrease the outage time more than T312 and may totally remove the outage time if a pseudo-RLF is triggered before T310 is started.
Observation 4: event-based faster pseudo-RLF trigger can decrease the outage time more than T312 and may totally remove the outage time.
No. 4) NAS recovery delay reduction

With the context fetch, the procedure delay for NAS recovery can be removed. However, it can increase no. 3) RRC procedure delay at least round-trip X2 delay. To reduce or remove NAS recovery delay, we need to increase the re-establishment success rate. Without the context fetch, the re-establishment procedure can succeed only when the UE selects a cell from the same eNB or a prepared eNB. Although multiple HO preparations can increase the number of prepared eNBs, it can’t guarantee that the UE selects a cell from prepared eNBs during the re-establishment procedure. With T312, the neighbor cell is highly likely to be prepared for the re-establishment procedure because the UE can start T312 upon triggering an MR when T310 is running. In addition, some companies proposed to start T312 when T310 is started after triggering an MR in RAN2#106 [6], [7]. In addition, for this, a condition should be accompanied, “Timer T312 can be started as early as when T310 starts running if measurement report has already been triggered and the condition for triggering the measurement report still holds at the start of T310”, as stated in a paper [6]. However, even though this condition is met, it cannot guarantee that the UE selects a cell from prepared eNBs during the re-establishment procedure because the condition may not hold at the expiry of T312.

Observation 5: The T312 enhancements cannot guarantee that the UE selects a cell from prepared eNBs during the re-establishment procedure.
On the contrary, an event-based faster pseudo-RLF trigger can guarantee that the UE selects a cell from prepared eNBs during the re-establishment procedure. It is because an event-based faster pseudo-RLF can be triggered when a neighbor cell is much better than the serving cell after an MR was sent. 

Observation 6: event-based faster pseudo-RLF trigger can guarantee that the UE selects a cell from prepared eNBs during the re-establishment procedure to reduce or remove NAS recovery delay.
No. 2) UE re-establishment delay reduction: Tsearch reduction
During the re-establishment procedure, the UE performs the cell selection process with UE-based mobility to find a suitable cell. The time of cell search (i.e., Tsearch) is 100 ms per freqency if the cell is known by the UE [4]. Whereas Tsearch for normal handover is 0 ms because just one target cell is indicated by the source and the target cell is known by the UE through measurements. An event-based faster pseudo-RLF trigger can remove Tsearch during the re-establishment procedure. It is because the UE can select a target cell as the cell which triggered an event-based faster pseudo-RLF and is the best cell in the latest measurements, without the cell selection process.
Observation 7: event-based faster pseudo-RLF trigger can remove Tsearch during the re-establishment procedure.
Simulation Results

We simulated seven cases:

1) No312: without T312,

2) T312=0.5s: T312 = 500 ms with an enhancement of start T312 when T310 is started after MR is sent,
3) T312=0.1s: T312 = 100 ms with an enhancement of start T312 when T310 is started after MR is sent,
4) 9dBwithCS: event-based faster pseudo-RLF trigger with a event of A3 offset 9 dB and cell selection process (i.e., if a neighbor cell is 9 dB better than the serving cell and an MR is sent, pseudo-RLF is triggered and the UE performs the cell selection process and the re-establishment procedure to the selected cell),
5) 9dBw/oCS: proposed solution with a event of A3 offset 9 dB and no cell selection process (i.e., if a neighbor cell is 9 dB better than the serving cell and an MR is sent, pseudo-RLF is triggered and the UE skips the cell selection process and performs the re-establishment procedure to the cell which triggered a pseudo-RLF),
6) 6dBwithCS: proposed solution with a event of A3 offset 6 dB and cell selection process,

7) 6dBw/oCS: proposed solution with a event of A3 offset 6 dB and no cell selection process.
Details of the simulation parameters can be found in the Annex A.
Figure 1 shows the percentage of outage time and interruption time. The outage time in all cases of the proposed solution is much shorter than the cases of T312. Furthermore, in case 6) and 7) (i.e., proposed solution with a event of A3 offset 6 dB), the outage time is nearly totally removed. In addition, in case 4), 5),  and 7),  the sum of outage time and interruption time is much shorter than the cases of T312. Furthermore, in case 5), both the outage time and the interruption time are shorter than the cases of T312.

Observation 8: Based on the simulation results, event-based faster pseudo-RLF trigger outperforms T312 in terms of the outage time. 
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Figure 1. Percentage of Outage and Interruption
Table 2 shows the re-establishment success rate. The re-establishment success rate in all cases of the proposed solution is higher than the cases of T312. In some cases, the re-establishment failure can happen because the UE declares a pseudo-RLF and performs the re-establishment procedure before the source receives an MR successfully and the target is prepared. Therefore, it may be better to set the event to trigger pseudo-RLF much higher than the event to trigger MR (e.g., not 6 dB but 9 dB as in the simulation) or a pseudo-RLF is triggered only if the link quality (e.g., SINR or RSRQ) is bad.
Observation 9: Based on the simulation results, event-based faster pseudo-RLF trigger outperforms T312 in terms of the re-establishment success rate. 
Table 2. Re-establishment Success Rate 

	No T312

	T312
500 ms
	T312
100 ms
	9 dB
with CS
	9 dB
w/o CS
	6 dB
with CS
	6 dB
w/o CS

	77.19
	80.00
	74.07 
	89.78 
	87.95
	86.19 
	92.16 


No. 2) UE re-establishment delay reduction: TSI reduction
It was suggested in [7] to reduce the interruption time upon HOF by avoiding that the UE must read system information from the target cell prior to the re-establishment with the help of the pre-provision of system information. If then, the UE re-establishment delay can be reduced more and with Tsearch reduction, it can be nearly comparable to the interruption time for normal handover. As a result, an event-based faster pseudo-RLF trigger can offer significant gains over the traditional timer-based RLF trigger. Even if the UE must read system information from the target cell prior to the re-establishment, the trade-off between decreased outage time and increased interruption time of an event-based faster pseudo-RLF trigger compared with the traditional timer-based RLF trigger needs to be evalauted further.
3. Conclusion
Observation 1: With traditional timer-based RLF trigger, if an HO command is missed in the HO process, the UE goes very deep into a neighbor cell and suffers from severe interferences until an RLF is declared.
Observation 2: The interruption time in re-establishment procedure consists of the components as following:
1) T310 
2) UE re-establishment delay: 50 ms + Nfreq*Tsearch + TSI + TPRACH

3) RRC procedure delay
4) NAS recovery delay (only in re-establishment failure case).
Observation 3: T312 can reduce but not totally remove the outage time.
Observation 4: event-based faster pseudo-RLF trigger can decrease the outage time more than T312 and may totally remove the outage time.
Observation 5: The T312 enhancements cannot guarantee that the UE selects a cell from prepared eNBs during the re-establishment procedure.
Observation 6: event-based faster pseudo-RLF trigger can guarantee that the UE selects a cell from prepared eNBs during the re-establishment procedure to reduce or remove NAS recovery delay.
Observation 7: event-based faster pseudo-RLF trigger can remove Tsearch during the re-establishment procedure.
Observation 8: Based on the simulation results, event-based faster pseudo-RLF trigger outperforms T312 in terms of the outage time. 

Observation 9: Based on the simulation results, event-based faster pseudo-RLF trigger outperforms T312 in terms of the re-establishment success rate. 
Based on the discussion in Section 2, we propose the following:

Proposal 1: RAN2 is requested to consider event-based faster pseudo-RLF trigger as a candidate for a fast handover failure recovery solution. 
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Annex A. Simulation Parameters
	ISD
	500 m

	Distance-dependent path loss 
	TR 36.814 Macro-cell model 1

	Number of sites/sectors
	19/57

	BS Antenna Height
	25 m

	BS Antenna gain including Cable loss 
	15 dB

	MS Antenna gain 
	0 dBi

	Shadowing standard deviation 
	8 dB 

	Correlation distance of Shadowing
	25 m

	Shadow correlation
	0.5 between cells / 1 between sectors

	Carrier Frequency / Bandwidth 
	2.0 Ghz / 20 Mhz 

	BS Total TX power 
	46 dBm 

	Qin / Qout
	- 6 dB / - 8 dB

	T310
	1 sec

	UE speed
	60 km/h

	L1 to L3 period
	40 ms

	A3 / TTT / k
	2.0 dB / 160 ms / 1
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