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1      Introduction
The new WI: Hetnet Mobility Enhancements for LTE has been approved in RAN plenary #58. The following objectives have been set for the new WI [1]:
· Improve overall HO performance with regard to HO failure rate and Ping-pong in HetNet environments.

· Improved small cell discovery/identification that minimises battery consumption without significant impact on small cell offloading potential.  While not excluding intra-frequency, focus should be on inter-frequency small cell discovery. 
· Improvements to help with recovery from RLF to help improve the overall mobility robustness of HetNet LTE networks. 
· Enhancements to HO performance during long DRX with focus on improvements for HetNets

During study for HetNet mobility enhancement, there were many proposed solutions. In this document, we summarize the solutions which had been proposed by difference companies.  The discussion will be separated into 4 sections corresponding to the above four objectives.                                                                                                                                                                                                                                                                     
2 Discussion
2.1 Proposals for improving overall HO performance in HetNets
2.1.1  UE-speed dependent HO parameter optimization
UE-speeds (or Mobility States) are considered for optimizing the setting of the HO related parameters in HetNets [2][4][11]. Those parameters include per cell based HO thresh (Ocn -- the cell specific offset of the neighbour cell), hysteresis(Hys), L3 filter K, TTT. The setting of some other parameters such as the RLF timer values [3] and DRX parameter configurations may also consider the UE-speed factor [34].
The HO parameter adjustment can be done by either the network or the UE. It depends on where the speed estimation or MSE is performed.
2.1.2 UE-speed dependent mobility decisions

UE-speeds (or Mobility States) are considered for mobility decisions [2]. For example, if a UE’s speed is higher than a threshold, the network will not HO the UE to the small cell layer and keep it stay with the macro cell layer. A UE could also not perform the measurement for searching the small cells if its speed is higher than a pre-determined value [2][4].
2.1.3 Applying ABS at the pico cell
Apply ABS at the pico cell to protect high-speed UEs on intra-frequency macro layer [2]. If ABS at pico is not available due to the cost, alternative methods to protect high-speed UEs on the macro layer should be studied, e.g. setting the RLF timer properly [3].
2.1.4 Localizing the global parameters

Some of the global parameters are made to be per cell or per scenario based. E.g. TTT was suggested to be per cell or per HO scenario (pico to macro, macro to pico….) [5].
2.1.5 Parameter scaling by RSRP/RSRQ measurement
Directly scale the HO parameters by RSRP/RSRQ measurement [6][7].
2.1.6 Counting other RAT(s) HOs
The HO involving different RATs should also be counted for MSE [11].

2.1.7 Considering UE moving direction
When a UE moves out of a pico cell, its moving direction could impact the HO performance [12]. The UE moving direction information can also be used to predict the route of the UE and to determine parameter setting and HO strategy based on the UE trajectory relative to the pico coverage.  
2.1.8 RLF trigger enhancement

The value of T310 setting should be optimized at different scenarios. For example, when a UE moves out of a small cell, relatively smaller value should be set to T310 [26][27][28]. In other scenarios, such as high speed UE stay with the macro layer. The T310 would be set relatively longer to allow enough time for the UE to move across the pico cell [26]. T310 could be updated by dedicated signalling [28] or pre-configure multiple values to T310 [26].
2.1.9 Proposals for enhancing MSE or other new speed estimation methods in HetNets
2.1.9.1 Enhancing MSE with cell specific weights
In HetNets, this enhanced MSE is still based on HO event count which is incremented by a value that depends on the type of handover, e.g. macro-macro, macro-pico, pico-macro and pico-pico, where pico-related handover events get smaller increment to HO event count[8][9].
2.1.9.2 Count only macro cells for MSE
In HetNets, still only count the macro cell HOs and HOs involved pico cells are not counted for MSE [10]. One option is that the network notifies the UE whether to count a HO for MSE [11].
2.1.9.3 UE speed estimation methods based on the macro and pico eNB location information

Pico eNB location information can be used for UE speed estimation [2]. The location information of both macro and pico eNBs could be used for other known location estimation method.  Then the UE speed/velocity can be estimated by collecting multiple UE locations in a given period of time.
2.1.9.4 Doppler speed estimation

Doppler speed estimation maybe used for the enhancement of MSE [13]. The Doppler detection and speed estimation could be implemented at the network or in the mobile.
2.1.9.5 Network based versus UE based solutions

All the above solutions can be implemented at the network (e.g. some examples are shown in [35]) or at the UE with corresponding standards enhancement and support. 
2.2 Improve small cell discovery/identification performance
2.2.1 Longer measurement period [14] 
Longer measurement period is applied for inter-frequency small cell measurements..
2.2.2 Relaxed side condition [17]
Side conditions for measurements, such as SCH_RP, SCH Ês/Iot, RSRP and RSRQ Ês/Iot can be relaxed for small cell measurements.
2.2.3 UE MSE based measurements [15, 23]
Fast-moving UE (high and possibly medium mobility state) may suspend inter-frequency measurements that are configured for offloading/load balancing purposes.

2.2.4 Small cell signal based control of measurements [16]
If UE detects a sufficiently strong small cell (stronger than a signal quality threshold configured by the network), it can suspend inter frequency search of other small cells. If the small cell becomes weaker, the UE would resume inter-frequency search of other small cells whereas the search for the frequency of the found small cell would be less frequent.
2.2.5 Measurements without gap assistance [17]
For Carrier Aggregation cases, measurements without gap assistance are mandated for CA capable UE.
2.2.6 Small cell discovery signal in macro layer [18]
Discovery signal formed by legacy control channels (PSS, SSS, System information) is transmitted on the macro layer at the location of inter-frequency small cell. The UE identifies the discovery signal as a regular intra-frequency cell and report the cell to the serving eNB according to the measurement configuration. The eNB can either immediately trigger a handover to the inter-frequency small cell (if the discovery signal is known to represent the coverage of the inter-frequency small cell) or request the UE to perform inter-frequency measurement.
2.2.7 UE based proximity detection [19, 24]
Autonomous cell search and proximity indication, which UE already applies to CSG cell detection and measurement, can be extended to hotspot small cell discovery with minimum impact on the specifications. For example, similar to the white list of the CSG cells maintained in a UE, a  list of most frequently visited cells with associated radio information could be maintained in the UEs to support an autonomous search of those pico cells.
2.2.8 Proximity detection based on macro/pico cell listening [20, 21]
Proximity detection for inter-frequency open access small cells (picos and open HeNBs) is performed by the eNB, and the macro eNB activates inter-frequency measurement for the concerned UE(s). The details of the proximity detection can be left to eNB implementation, but it can be based on location information or a fingerprint based on the signal levels of neighbouring (macro) cells that UEs experience while connected to the small cell, which can be gathered from the measurement reports of UEs that are involved in HO to/from the pico cell.
Alternatively, a pico cell can discover that a Macro UE is nearby if uplink signal from the UE is detected. Similar methods are also being discussed to address the issue of UL interference to small cell in the work item Carrier-based HetNet ICIC for LTE lead by RAN3 [25].
2.2.9 Proximity detection with broadcast assistance [22, 24]
In order to indicate the presence of Pico cells in the Macro cell vicinity, the network could indicate the presence of Pico cells through a broadcast bit or the location range of the alert zone of the pico cell(s) overlaid with the macro cell. The network could also publish the frequencies where the pico cells could be found. The UE could then start background measurements on these frequencies if it supports these frequencies in DRX. Periodicity could be left to UE implementation. When UE sees Pico cells, it sends a "proximity report" and then the Network configures normal measurements and UE reports normal measurement report. The UE could stop the background search after being handed over into a Pico cell.

2.3 Enhance the RLF recovery capabilities in HetNets

2.3.1 Context fetch 
If a UE tries to access to an un-prepared target cell in HetNets and the accessing UE’s context is not available at the target cell, the target cell will get it from the source eNB via X2 interface or from the MME via S1 interface such that the UE context can be obtained in time for successful RRC connection re-establishment [29].
2.3.2 Radio link re-establishment 

The umbrella macro cell is always prepared as a candidate for radio link re-establishment in case RLF occurs in the overlaid pico cell [30].
2.4  Enhancement to HO performance during long DRX in HetNets
2.4.1 Adaptive DRX based on UE and pico cell locations
When a UE in the proximity of pico cells especially in the area with high pico density or is connected with a small cell, relatively shorter DRX will be applied [31][33]. 
2.4.2 Adaptive DRX based on UE speeds

Simulation results show that long DRX has limited impact to the HO performance when UE speed is low (less than 3km/h). The impact to the HO performance is high when UE speed is relatively high (e.g. at vehicular speed of 30 km/h, noticeable degradation has been observed). Speed dependent DRX configurations should be considered [32] [34]. 
3 Conclusions
To facilitate the further discussion the solutions for HetNet mobility enhancement, we summarized all the proposals introduced during the SI phase. We would like to solicit the opinions from the companies whether we should capture this into the TR36.839 (noting that section 2.2 on small cell discovery is already captured).
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