3GPP TSG-RAN WG2 meeting #81   




                  R2-130103
Malta, 28 January~1 February, 2013
Agenda item: 
7.1

Source:
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
Title:

        Adaptive RLF trigger for improving the mobility performance in HetNets
Document for:
Discussion and decision
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 this contribution, we discuss 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.
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 in the same cell. 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 The serving cell of the UE is pico cell.

It includes the mobility scenarios of pico to macro and pico to pico handovers. 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. 
Observation 1: It could be beneficial to apply a short value to T310 setting if the UE’s serving cell is a pico cell, especially for high speed UEs.

2.1.2 The serving cell of the UE currently is the macro cell and the high speed macro UEs go across the pico cell coverage. as shown in Fig 2 . 
For this scenario, there are two cases: the high speed UEs staying with the macro layer in HetNets or can hand in pico cell, we will discuss them separately as the following:
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Figure2: The illustration of the scenario of high speed user going across the pico cell 
Case 1:  If the user is high speed user and handover from macro cell to pico cell is not allowed/used.
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, 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.
Case2 ： if the user is high speed user and handover from macro cell to pico cell is allowed.
In this case the UE likely just moves across the pico tangentially and a high macro to pico HO failure rate is also observed from the simulation results so far we have. If the UE speed is high, the UE will pass the pico in short period of time. It will also be beneficial to use a longer T310 value. With a long T310 setting if the UE try to hand in to pico but failed,  it will still keep connected with macro cell, even the radio link with macro is very bad due to the interference from pico cell the RLF is not triggered before T310 is expired. Before the T310 expired if the UE could pass the pico cell, the radio link with the macro will be resumed again and the T310 should be set back to the normal default value with the macro only case.
Currently the maximum value can be set to T310 is 2s. It is not even long enough for a UE of 120 km/h to move across a pico cell. It is suggested extending the maximum value of T310 to 5s.
Observation 2: It is beneficial to apply different values to T310 setting when a UE is in a normal macro only environment versus handover from a macro to a pico.
Based on the above analysis and observation the following are proposed:

Proposal 1: RAN2 is kindly suggested to consider applying different values to T310 based on speed and the HO scenarios such as pico to macro or macro to pico HOs.

Proposal 2: RAN2 is kindly suggested to consider expanding the maximum value of T310 to 5s.
2.2 The impact of different mobility speeds
Higher UE speed can be expected to lead to faster changing of the radio link condition. For example, a faster moving UE will move in /out a pico cell or a coverage hole more quickly. It may also experience more frequent channel variations due to the shadowing. Therefore, UE should make the RLF determination more quickly. It would be beneficial to scale the T310 settings with the UE speed.
Based on the above analysis we have the following observation and proposal:
Observation 3: It would be beneficial to scale T310 setting with UE speed.
2.3 Configure multiple T310 values to a UE
In HetNets, a serving cell may have multiple neighboring cells of different types (macro or pico). In this case, a cell type sensitive update of parameters may need to wait till the type of the target cell is determined. Too late parameter update may impact the mobility performance. In addition, more HO activities and, as a result, more signalling overhead is expected in HetNets. In order to minimize the signalling overhead and minimize the delay for T310 update, this scheme can be implemented as follows:
a. Allow to configure multiple T310 values to a UE. For example, a value for the legacy macro only case, a value for the macro to pico handover case.   

b. The UE pick the right T310 value corresponding to the associated scenario. For example, if the UE go across the pico cell, the target pico cell should be discovered and the handover event (such as A3) is triggered.  Then the UE internal T310 update is also triggered and the T310 value can be set to the value optimized for macro to pico HO scenario.  Alternatively, if the UE measurements indicate that the next best cell is a pico, UE could apply a different T310 value.  When the long term CQI is above Qin, then the T310 value can be updated to the normal value.  It is assumed that UE is able to determine whether a cell is a pico/macro and hence the mobility scenario and use the corresponding T310 value.
Based on the above discussion and observations:
Proposal 3: RAN2 is kindly suggested to consider pre-configuring multiple T310 values corresponding to different HO scenarios to a UE. 

3 Conclusions
This contribution discusses to adjust the T310 to set the different possible radio link failure time value for different scenarios. We observed the following:

Observation 1: It could be beneficial to apply a short value to T310 setting if the UE’s serving cell is a pico cell, especially for high speed UEs.

Observation 2: It is beneficial to apply different values to T310 setting when a UE is in a normal macro only environment versus handover from a macro to a pico.

Observation 3: It would be beneficial to scale T310 setting with UE speed.
Based on the above observations we have the following proposals:

Proposal 1: RAN2 is kindly suggested to consider applying different values to T310 based on speed and the HO scenarios such as pico to macro or macro to pico HOs.

Proposal 2: RAN2 is kindly suggested to consider expanding the maximum value of T310 to 5s.
Proposal 3: RAN2 is kindly suggested to consider pre-configuring multiple T310 values corresponding to different HO scenarios to a UE.
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