3GPP TSG RAN WG2 Meeting #83
     R2-132856
19.8. to 23.8.2013, Barcelona, Spain
Agenda Item:

7.1.3
Source: 
Huawei, HiSilicon
Title: 
Solutions to improve RLF recovery in HetNet deployment
Document for:
Discussion and Decision
1 Introduction
The necessity of improving RLF recovery in HetNet deployment was discussed in the RAN2#82 meeting, and the following agreement has been reached:
RAN2 agrees that HOF/RLF is more likely to occur in heterogeneous networks and one way to reduce the impact of those could be to improve the recovery from RLF.
Several solutions to improve RLF recovery have been proposed and some of them were discussed in the meeting, and the following items have been recognized by RAN2 as the work needed to be done in the next step:
=>
Should understand how much more reestablishments (towards unprepared cells) would happen if pico cells would always configure a shorter T310. 

=>
Investigate whether a short T310 should be applied rather than triggering reestablishment immediately when Qout is met. 

=>
We should also investigate whether Qout is usually triggered before or after A3/TTT. 

=>
What are the actual outage time (in s) per HOF with and without this enhancement. 

In the paper, we contribute to the following aspects:

· The mechanisms of some proposed improvements are analyzed.

· The performance of each improvement comparing to the existing baseline is evaluated by simulations.

· The possible problems in implementing these improvements in the real network are also discussed. 
Based on all the analysis, evaluation and discussion, the advantages and disadvantages of each improvement are recognized and summarized, which should be considered by RAN2 in the evaluation of the solutions to improve RLF recovery in HetNet deployment.
2 Preliminary analysis
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Figure 1 Time relationship between measurement report and T310
There are three cases for the time relationship between Measurement Report (MR) and RLF timer T310 when handover failure happens:

· Case a: MR is triggered/sent before T310 starts

· Case b: MR is triggered/sent after T310 starts but before T310 expires

· Case c: MR is not triggered/sent even until T310 expires

No matter which case happens, one R11 UE shall initiate RRC connection re-establishment procedure only after the T310 expires. And the interruption time caused by T310 is the whole time length of the T310, which is pre-configured by the network and the default value is 1s.
2.1 Shorter T310 always

For all the cases, one improvement which is already possible in R11 is configuring a shorter time length to the T310, the improvement could reduce the interruption time caused by the T310 but may increase the reestablishment times in the network. Furthermore, always configuring shorter T310 may make it more likely that UE detects RLF before it successfully sends the measurement report. Without receiving the measurement report, the network could not prepare the possible reestablishment cell(s) in advance, which will cause the reestablishment finally fail, and a failed reestablishment will lead to a great deal of interruption time.
2.2 Shorter T310 only for case a

Specially for the case a, an improvement was proposed in [1] which is called as “Shorter T310 only for case a” in this contribution, in the improvement if one UE experiences out-of-sync after the measurement report has been sent, the UE starts a shorter T310 and initiates the RRC re-establishment procedure after the shorter T310 expires. The interruption time caused by T310 in the improvement is the time length of the shorter T310, which is also pre-configured by the network and is usually shorter that the default T310 as its name indicates.
Comparing to the previous improvement, the improvement “Shorter T310 only for case a” uses a shorter T310 only when the measurement report has been sent, which allows the network to prepare the reestablishment cell based on the measurement report in advance thus enhances the success rate of reestablishment. But the reduction of interruption time by the improvement is expected to be some lower since it provides the optimization only for the case a.
2.3 T310 termination only for case b

Specially for the case b, another improvement was proposed in [2] which is called as “T310 termination only for case b” in this contribution, in the improvement if the measurement report has been triggered and if T310 is running, the UE terminates the running T310 and initiates RRC connection re-establishment procedure at once. The interruption time caused by T310 in the improvement is the time length between the time point of the T310 starts and the time point of the measurement report is triggered. Whether to take the improvement into use is pre-configured by the network. 
Similar to the improvement “Shorter T310 only for case a”, the improvement only provides optimization for one of three cases. More important, the improvement allows UE initiating reestablishment before sending the measurement report, thus it may largely increase the possibility of UE reestablishing towards an un-prepared cell. In other words, the improvement may reduce the success rate of reestablishment.
3 Simulation evaluation
3.1 Simulation assumption
In order to provide a benchmark for all the improvement, a baseline case is simulated and Table 1 lists the key parameters used for the baseline case, and other simulation parameters and assumptions follow the large area system simulation agreements reached in the HetNet Mobility Enhancement study item [3].
Table 1 Key simulation parameters for baseline case
	 Items 
	Description 

	T310
	1s

	Pico cell number per macro cell
	10

	Pico cell placement
	Random

	UE speed
	30km/h

	Configuration parameter set
	Set 3


On the top of the baseline case, simulations are running on the improvements described in the section 2, i.e. “Shorter T310 always”, “Shorter T310 only for case a” and “T310 termination only for case b”, in order to evaluate and compare their performance:
· In the simulated improvement of “Shorter T310 always” the T310 is set to 200ms instead of 1s in the baseline case. 
· In the simulated improvement of “Shorter T310 only for case a”, one shorter T310 is used only for the case a, and the T310 remains as long as 1s for the case b and the case c. Furthermore, for the case a two time lengths are simulated for the shorter T310: 200ms and 0s, and they are separately labeled as “Shorter T310 only for case a (200ms)” and “Shorter T310 only for case a (0s)” in the figures shown in the simulation results section.
· In the simulated improvement of “T310 termination only for case b”, the T310 is set to 1s for all the three cases and the UE initiates reestablishment after the T310 expires in the case a and case c, but initiates reestablishment at once when the case b happens (i.e. no need to wait for the expiring of the T310 in the case b).
Three metrics are used to demonstrate the performance of the improvements from multiple aspects:
· Average interruption time per reestablishment
Note this KPI only considers the interruption time caused by T310, and it does not consider the interruption time resulting from the real reestablishment procedure since this part of interruption time is almost common to the baseline and all the improvements. 
· Average reestablishment times per UE per second
This KPI demonstrates how frequent the reestablishment happens in the network with or without each improvement.
· Unprepared reestablishment rate
Unprepared reestablishment rate = Unprepared reestablishment times/Overall reestablishment times, where “Unprepared reestablishment” is defined as the reestablishment which is initiated before the measurement report is successfully sent. As it is explained in the section 2, these unprepared reestablishments destine to fail, so the KPI is also important for performance evaluating.
3.2 Simulation results
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Figure 2 Average interruption time per reestablishment (ms)
The average interruption time per reestablishment of the baseline and of each improvement is demonstrated in Figure 2. All the three improvements can reduce the interruption time to some extent compared to the baseline. And among the three improvements, the improvement of “Shorter T310 only for case a (200ms)” shows the worst performance, because that the case a is the minority among all the three cases under the current simulation configuration.
Observation I: The improvement of “T310 termination only for case b” has the best performance on the interruption time reduction under the certain simulation configuration.
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Figure 3 Average reestablishment times per UE per second
Figure 3 shows the average reestablishment times per UE per second for the baseline and for each improvement. As expected, all the improvements increase the reestablishment times in the network. And among all the three improvements, the improvement of “Shorter T310 always” makes reestablishment happen most frequently.
Observation II: All the three improvements increase the reestablishment times in the network but to different extent.
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Figure 4 Unprepared reestablishment rate
As it is analyzed in the section 2, the improvement of “Shorter T310 always” and “T310 termination only for case b” will make it more likely that the reestablishment is initiated before the measurement report is sent, i.e. they will increase the unprepared reestablishment rate, and these can be clearly seen from the Figure 4. Furthermore, the figure also shows that the improvement of “T310 termination only for case b” increases the unprepared reestablishment rate to a much larger extent compared to the improvement of “Shorter T310 always”. This is because UE intentionally gives up sending the measurement report when the case b happens in the improvement of “T310 termination only for case b”.
Observation III: The improvement of “T310 termination only for case b” very largely increases the possibility of UE initiating reestablishment towards an unprepared cell.
4 Other considerations
Although the simulation results show that all the three improvements have the performance gain on the interruption time reduction, all of them have extra problems needed to be solved when they are implemented in the real network:
· For the improvement of “Shorter T310 always”, it is difficult for the operators to select an appropriate time length for the shorter T310 for each pico cell. If the selected time length is too short, the average reestablishment times per UE per second in the network will surge and more reestablishments will fail since no time for sending the measurement report; If the selected time length is too long, there is little optimization on the length of the interruption time. Tuning the shorter T310 for each pico cell in the network will become a time-consuming work to the operators.
· For the improvement of “Shorter T310 only for case a”, it is for UE to decide whether to use a shorter T310 depending on whether the case it encounters is the case a or not. So after UE are configured to use the improvement, the network cannot distinguish which T310 triggers the reestablishment of one UE, i.e. the shorter T310, or the default T310. Lack of this kind of information, the network cannot know the exact interruption time experienced by a reestablishment UE, thus it loses the control on the user experience.
· For the improvement of “T310 termination only for case b”, it has the similar problem with the improvement of “Shorter T310 only for case a”, the network does not know whether one reestablishment UE once terminated the T310 or not since it does not know whether the case the UE encountered is the case a or other cases. Even the case all the UEs encountered is the case a, the network still cannot know the exact interruption time experienced by each reestablished UE since the T310 running time before it is terminated is random.  
5 Conclusion
In the contribution, simulations are running on the three improvements on RLF recovery, and the following observations can be obtained from the simulation results:
Observation I: The improvement of “T310 termination only for case b” has the best performance on the interruption time reduction under the certain simulation configuration.
Observation II: All the three improvements increase the reestablishment times in the network but to different extent.
Observation III: The improvement of “T310 termination only for case b” very largely increases the possibility of UE initiating reestablishment towards an unprepared cell.
Combining the simulation results with the further analysis, the advantages and disadvantages of each improvement are summarized in the Table 2.
Table 2 Pros and Cons of each improvement
	
	Shorter T310 always
	Shorter T310 only for case a
	T310 termination only for case b

	Pros
	· Reduce interruption time.
	· Reduce interruption time.
	· Reduce interruption time.

	Cons
	· Increase reestablishment times.
· Increase the possibility of unprepared reestablishment.
· Have difficulty in tuning the shorter T310 for each pico cell (see the section 4 for details). 
	· Increase reestablishment times.
· Have difficulty in controlling the exact interruption time experienced by one reestablishment UE (see the section 4 for details).
	· Increase reestablishment times.
· Increase the possibility of unprepared reestablishment.
· Have difficulty in controlling the exact interruption time experienced by one reestablishment UE (see the section 4 for details).


As the conclusion there is a proposal as following:

Proposal: RAN2 is kindly asked to take into the observations and the pros/cons of each improvement when evaluating the solutions to improve RLF recovery in HetNet deployment.
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