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1      Introduction
The new WI: HetNet Mobility Enhancements for LTE has been approved in RAN plenary #58. One of the objectives has been set for the new WI [1] is as follows:

· Improve overall HO performance with regard to HO failure rate and Ping-pong in HetNet environments.
Radio Link Failure (RLF) causing by the mobility in HetNet is one of the important performance criteria to be minimized. From the results obtained so far through the RAN2 simulation efforts for mobility in HetNet [2], it has been observed that the handover performance of high-speed UEs deteriorates significantly due to the small size of the “low-transmitted power node”, most of those handover failures eventually lead to RLF. Due to the cost of the RLF (even it maybe recovered, it will still cause large service interruption and additional signaling overhead), it is desired to further study the possibility to reduce the chance of RLF occurrence and if RLF occurs to reduce the overall service interruption time.  
In R2-132027, we discussed the impact of RLF trigger (T310) setting on the mobility performance and signalling in HetNets for different scenarios and discussed the possibility to optimize the T310 setting for different scenarios therefore to improve the mobility performance in terms of reducing the RLF rate and minimizing the time of service interruption. In this contribution, we updated the document with the simulation performances.
2 Discussion and proposals
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Figure 1  The illustration of Radio Link Monitoring (RLM) process and  RLF 
Figure 1 shows the existing RLM process. The mobility performance closely depends on the radio link quality. The user will execute CQI measurement for radio link monitoring. If the long term average wideband CQI is below Qout, the T310 will be triggered and begin running, it represents that the radio link condition is bad.  As a result, the UE measurement report and/or the handover command will very likely fail and lead to a handover failure. Before the T310 is expired, there could be retries for measurement report and handover command. If before the expiry of T310 the RLM measurement is above Qin, the UE will have its T310 stopped and reset to zero, and we consider the radio link is self-recovered. If the RLM measurement is not above Qin till the expiry of T310, the RLF is declared by the UE. 
The decision of RLF in the UEs is highly dependent on the setting of T310. If T310 is set too short, the RLF declared by a UE could be often triggered even by the shadowing. It will cause the UE un-necessarily get into the high cost RLF recovery process and missed the chance of radio link self recovery. On the other hand, if T310 is set too long, under the situation of un-recoverable radio link, the necessary RLF recovery process is delayed and overall service interruption time will be increased. In conventional macro only system, the setting of T310 is really for discovery of the real radio coverage hole. The value of T310 is optimized for this purpose. 
However, in HetNet system, the situation becomes very different. The simulations indicated that the most RLFs in HetNet are not because of radio coverage hole but due to the deployment of small cell. The T310 setting for the legacy macro only system may not be suitable for the different scenarios in HetNets. It would be beneficial if different T310 values can be set to indicate the duration that the  UE is unlikely to resume the link for different scenarios .
2.1 The impact of different mobility scenarios
2.1.1 Pico-macro or pico-pico mobility scenarios
In this case, the radio link quality of the high-speed UEs deteriorates rapidly due to the small size of the “low-transmitted power node”—pico cell. Since the link with the pico cell is likely to become bad in a period of short time, and with the further moving of the UE the radio link is unlikely to be recovered, the T310 can be set a shorter value than the normal value setting for macro only system. By this setting, it can avoid un-necessary waiting to conduct further RLF recovery by triggering the re-establishment procedure fast and shorten the overall service interrupt time. 
The interruption time with short T310 setting is presented in the following paragraphs. The deployment scenario is as Fig A.1 in the appendix. Simulation could be done for comparing the case that T310 is always set to default value for different scenarios with the case that T310 is set to different values (e.g. small value when serving cell is pico cell  and normal value when serving cell is macro cell  ) for different scenarios.
Table 1 shows the interruption time performance with shorter T310 value for pico cell (e.g. 0.5s) and the normal value (e.g 1s) for different re-establishment time .Simultaneously, we also observe the performance with different user mobility speed.
Table 1 Interruption time ratio 
	User speed
	3km/h
	30km/h
	60km/h
	120km /h

	T310(s) for pico (macro with 1s )
	0.5
	1
	0.5
	1
	0.5
	1
	0.5
	1

	The ratio of interruption (%) of case1
	0.156

	0.196

	1.2386

	1.6186

	2.8456

	3.6766

	5.9262

	8.0512


	The ratio of interruption (%)  of case2
	0.268

	0.308

	2.1626

	2.5426

	4.9736

	5.7766

	10.3782

	12.6432



Here the ratio of the interruption express the time ratio of the interruption for each user .It can be defined as :overall interruption time/(simulation time *the number of the user ).The service interruption time is the total time needed for link recovery. There two components of the link recovery: 1) self recovery: the link condition get back to good by itself before T310 is expired. 2) after T310 is expired, the UE get into the link re-establishment process. Therefore:

· If the link is self recovered, service interruption time= the time from T310 is triggered to T310 is reset.

· If T310 is expired, service interruption time = T310 + re-establishment time.  And in this document, we select two typical re-establishment time of 225 ms  (case 1 in the table ) and 925 ms (case 2 in the table ) respectively.
· [image: image2.emf]0 100 200 300 400 500 600 700 800 900

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

The T310 timer value when receive HO command (ms)

CDF 

 

 

All timer value with user speed=30km/h

The timer value in macro with user speed=30km/h

The timer value in pico with user speed=30km/h

All timer value with user speed=3km/h

The timer value in macro with user speed=3km/h

The timer value in pico with user speed=3km/h


· [image: image3.emf]0 100 200 300 400 500 600 700 800 900 1000

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

The T310 timer value when receive HO command (ms)

CDF

 

 

All timer value with user speed=120km/h

The timer value in macro with user speed=120km/h

The timer value in pico with user speed=120km/h

All timer value with user speed=60km/h

The timer value in macro with user speed=60km/h

The timer value in pico with user speed=60km/h


Figure 2 CDF of T310 timer value when receive HO command with T310=1s
From table 1 and the Figure 2, we have the following observation:
1 Figure 2 shows the T310 timer distribution when receiving the HO command. It can be observed that for the case with both macro cell and small cell, almost 90% T310 value is smaller than 0.5s, for pico cell only case, almost all the T310 timer value is smaller than 0.5s. So if the T310 is set one long value, it will take long time for the UE to execute the re-establish procedure until the T310 is expired. 
2 From Table 1, we can know by setting shorter T310 value for pico cell, the interruption ratio due to RLF can be reduced.
Observation 1: It is shown to be beneficial to apply a short value to T310 setting in the Pico-Macro or Pico-Pico mobility scenarios, especially for high speed UEs for reducing the interruption time.
2.1.2 Macro-Pico mobility scenarios
Based on the Figure 2 in Section 2.1.1, it is shown that macro UE may also benefit for shorter T310 to improve on the interruption time in the case handover from macro cell to pico cell is allowed. Even though this may not reduce the handover failure rate, it may improve interruption time for active UE using no DRX or short DRX, particularly for low speed UE. Shorter T310 may result in unnecessary re-establishment. However, in this case, it is not overcoming a coverage hole but entering a Pico cell. Hence using macro-macro cell T310 setting may not be suitable and may delay the re-establishment from being executed and thus increase unnecessary the interruption time.
Observation 2: It is shown that a short value of T310 may reduce interruption time in the case of Macro-Pico mobility scenarios for active UE using no DRX or short DRX
In the other case where UE is not active (e.g. using long DRX) and is at high speed, it may be more acceptable to use a long T310 value. Even though the interruption time increases, the handover failure rate may be improved.
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Figure3: The illustration of the scenario of high speed user going across the pico cell 
In the real system deployment, it is possible that ABS at pico cell is not available. In this situation, if the high speed UE is forced to stay at the macro layer when a Macro-cell-connected UE (MUE) moves in the pico cell coverage, there will be interference to the MUE from pico cell . For example at the point B, it will suffer the interference from pico cell. This MUE will decide the RLF and  trigger the re-establishment process. The UE will first perform cell selection to find a suitable cell. And it is likely to select the pico cell due to the signal strength. Due to the UE is moving fast, it is likely that the UE moves to the edge of the small cell during the RA procedure, for example in point C. The RRC connection re-establishment procedure will fail. The UE will be back to the idle mode and a call drop is occurred. Then the MUE will have to perform a fresh connection establishment to reconnect to the Macro cell at point D. 
In fact, in this case if the RLF is not triggered with the further moving of the UE, the radio link between the UE and the macro cell will be recovered. Therefore for this case if the T310 can be extended to a longer value it will benefit to keep the MUE connected with Macro cell. If we extend T310 when the pico cell is discovered and the event (such as A3) is triggered for example at point A,  it will not incur RLF and still keep connected with macro cell even link condition is bad. This will allow enough time before the extended T310 expired the wide-band CQI from the macro is above Qin, for example at point D. At this time point the link with macro cell has resumed, then the T310 value can be updated back to the normal value. With this scheme, the chance of call drop is reduced, the signalling overhead can be reduced and the procedure is simpler.
Observation 3: A long value of T310 is beneficial in the case of Macro-Pico mobility scenarios for inactive UE or UE using long DRX at high speed
We observe the performance of the scenario of the high speed (120km/h) macro UEs go across the pico cell coverage. The deployment scenario is as Fig A.2 in the appendix. In the simulation, we observed the time duration from the user leaving the macro cell to the user reconnecting the macro cell, the average statistics of this time value will help to instruct to set the longer T310 value.  Figure4 shows the CDF distribution of this time value. For both scenarios we observed that 93% of the values are smaller than 5s and 95% of the values is smaller than 6s. Therefore the maximum value of T310 can be extended to 5s/6s from the current value 2s.
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Figure 4 CDF of the time duration from the user leaving the macro cell to the user reconnect the macro cell (unit s)
2.2 Need of multiple T310
It has been observed in Sections 2.1.1 and 2.1.2 that different T310 values are required for different mobility scenarios:
· Pico-to-Pico or Pico-to-Macro mobility: Shorter T310 value (than the default of 1s for macro-macro) reduces the interruption time, particularly for high speed UE

· Macro-to-Pico mobility: Shorter T310 value (than the default of 1s for macro-macro) reduces the interruption time, particular for UE that is active or using short DRX cycle
· Macro-to-Pico mobility: Longer T310 value (than the default of 1s for macro-macro) reduces call drop/handover failure, particular for high speed UE that is inactive or using long DRX cycle.
Hence it is proposed that:
Proposal 1: RAN 2 agreed to configuring multiple T310 values on the UE based on UE speed, user activity (connected DRX cycle used) and source/target cell.
3 Conclusions
This contribution discusses to adjust the T310 to set the different possible radio link failure time value for different scenarios .We have the following proposals:

Observation 1: It is shown to be beneficial to apply a short value to T310 setting in the Pico-Macro or Pico-Pico mobility scenarios, especially for high speed UEs for reducing the interruption time.
Observation 2: It is shown that a short value of T310 may reduce interruption time in the case of Macro-Pico mobility scenarios for active UE using no DRX or short DRX

Observation 3: A long value of T310 is beneficial in the case of Macro-Pico mobility scenarios for inactive UE or UE using long DRX at high speed.

Proposal 1: RAN 2 agreed to configuring multiple T310 values on the UE based on UE speed, user activity (connected DRX cycle used) and source/target cell.
4 Reference

[1] RP-122007, “New WI proposal: HetNet mobility improvements for LTE”.
[2] R2-121707, “UE speed-based methods and mobility state estimation for improving the mobility performance in HetNets
”, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell.
[3] R2-132027, “Reduce Service Interruption Time with Adaptive RLF Trigger in HetNets” Alcatel-Lucent, Alcatel-Lucent Shanghai Bell.
Appendix  A: Simulation Assumption
1. UE Placement and Trajectories and cell placement 
The first scenario is aligned with the case of large area simulation calibration in TR36.839. A fixed pico cell placement pattern is adopted as is shown in Figures A.1, with each macro site associated with 6 pico cells. Each of the pico cells are placed at the centre point on the border between two macro sites at 0.5 ISD. This pico cell placement leads to an average of 1 pico cell per macro cell. 
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Figure A.1: Macro and pico cell placement.
In addition, to observe the performance with long T310 setting, the scenario that the high speed macro UEs go across the pico cell coverage should be observed. Therefore the pico cells are delolyed in the center of the macro cell as shown in Fig.A.2 , the pico cell are deployed in the 1/2 radius position (scenario1 ) and the 3/4 radius position (scenario2 ) separately.
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Figure A.2: The macro and pico deployment: the pico cells are deployed in the center of the macro cell 

2. Parameters

Table A.1 HetNet mobility specific parameters
	Items
	Description

	UE speed 
	120km/h, 60km/h ,30km/h.3km/h

	TTT
	160ms 

	a3-offset [dB]
	2

	TMeasurement_Period, Intra, L1 filtering time in TS36.133 [2]
	200ms (other values could be added later)

	Layer3 Filter Parameter K
	1

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms

	Qout
	-8 dB

	Qin
	-6 dB

	T310
	1s (the default value in 36.331) and variables
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