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1 Introduction
At RAN Plenary #58 a new WI was approved targeting improvement on HetNet mobility [11].  One of the topics within the scope of the work item is:
· 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. 
As part of the R11 Study item on HetNet mobility, a number of solutions have been proposed to enhance the detection performance of inter-frequency hotspot small cell and captured in the TR [1].  In this paper, we analyze the solutions proposed specifically towards small cell detection issue. 
2 Discussion
The solutions presented for the small cell detection can be categorized as follows 
· Measurement Based Solutions (1, 3, 9, 10)
· Proximity Based Solutions (2,5,8)
Measurement Based Solutions
Relaxed inter-frequency cell detection and measurement
Longer measurement period and relaxed measurement performance requirements were proposed in [2][3], to reduce the power consumption of UE in the detection and measurement of hotspot small.  
Although in certain cases, it is possible to reduce the measurement frequency, normally reduced measurements in other frequency may degrade mobility performance in mixed hotspot and small cell coverage deployments.   When approaching a coverage hole in the macro frequency, reduced measurements may result in RLF and untimely reporting, therefore negatively impacting existing mobility procedures and performances.   Configuring the UE with different measurement configurations for offloading/load-balancing purposes and for coverage extension purposes in another frequency may not always be possible in mixed deployments.
Therefore RAN2 should consider finding a solution that improves battery consumption with no impact to mobility performance on legacy scenarios. 
Observation 1: Relaxed inter-frequency measurement configuration may reduce mobility performance in mixed deployments.
Measurements Based Solutions 
 Two solutions were discussed for configuring measurement for small cells with an objective of improving power saving. Solution 9 proposed UE MSE based measurement reporting, i.e. fast moving UE may suspend inter-frequency measurements that are configured for offloading/load balancing purposes. Solution 10 proposed UE uses small cell signal strength to enable or disable inter-frequency measurements.
For both idle and connected mode UEs, these solutions may be configured either in a network controlled fashion (with signalling enhancement if necessary) or by the UE making autonomous decisions to start and stop inter-frequency measurements at the right time for power saving.  
However, due to the limited knowledge of the UEs, UE autonomous decisions ignore the network requirements on when measurements should be performed and offload should be considered.   This deviates from the LTE system assumptions that the network should always be aware and in control of measurement procedures in connected mode.  Historically, the reason for network control is due to the fact that the network is the node that is most aware of the load in its cell and neighbouring cells, interference, ensuring quality of service, deployments and mobility information etc.   Therefore, we consider that UE autonomous based inter-frequency measurements alone are normally not enough for inter-frequency small cell discovery. Due to the limited information be awared by the mobile, it is preferred to have UEs’ information assisting the network decision unless for the idle case.
Observation 2: Autonomous UE based measurement optimization solutions for connected mode UEs do not take network considerations into account, and are not optimal for pico cell discovery.
Based on Observations 1 & 2, we think that the proposed measurement based solutions are insufficient stand alone solutions to discover small cells in inter-frequency deployments. However, they may be helpful as complementary solution to optimize measurements..
Proposal 1: Agree that proposed measurement based solutions are not sufficient standalone solutions for inter-frequency macro-pico deployments.
Proximity Detection Based Solutions
Several proposals were put forward in previous RAN2 meetings to use some form of proximity information to enhance small cell detection in HetNets, and thus enable savings in UE power consumption by performing inter-frequency measurements only when the UE is in the vicinity of small cells. 
For macro-pico deployments, the network is completely aware of the pico-deployments including location, load, PCI configuration, etc. Thus, it would be useful to perform the proximity detection in the network and have the network maintain control over the decision on when a UE approaches the vicinity of a “offload” small cell. 
By being aware of the location of the pico cells and by having an estimate of the UEs location, ideally the network can perform the final decision of when to perform inter-frequency measurements.   The network, in addition to location information, can take into account additional factors such as load information and small cell deployment density.  
Clearly, to accurately determine when inter-frequency measurements are necessary for offloading, the network would need to combine the knowledge of the pico cell location with an estimate of the UE approaching the vicinity of a small cell.  While the network has the best small cell deployment knowledge it may not always be possible to accurately estimate the UEs location.  
To assist the network to estimate the UE location, some solutions have been proposed in [7, 9] where the network can use measurements taken on UL signals received from the pico-cell or marco-cell.   However, the following concerns exist for this solution:
· If the macro cell is performing the measurements, it may be difficult to correlate the UE’s measurements due to interference and multi-path issues. The NW based scheme that would rely completely on RF map generated from previous UE measurements would be vulnerable to the measurement inaccuracies, and thus often inaccurate.  Additionally, just uplink measurements from one macro eNB do not provide accurate information as to where the UE is within a given macro coverage, unless information from other macro eNBs for that UE are exchanged.  

· The pico-eNB uplink listening based scheme assumes the availability of a separate RF unit to measure the macro’s uplink frequency, which may not always be available. The complexity and cost increase at the pico eNB may not be worth the benefit.

Another mechanism to estimate UEs location proposed in [9] is to make use of a RF fingerprint based on past measurement reports received from UEs performing macro-pico handovers.  The network may use this information to compare against new measurements that the UE reports while in the macro coverage to detect that the UE is in vicinity of the pico-cell.  However, this relies on the fact that the network has up to date measurements from the UE that is served by the macro cell.  However, the UE may not necessarily continuously report or may not report on time the measurements required for the network to estimate its location.  
Once the handover to the macro is performed the UE may not trigger any other measurement reports (e.g. if the quality of the serving cell is satisfactory or until a new best cell is detected).   Therefore, the macro cell may not have accurate and up to date information of the UEs measurements in the macro frequency
Observation 3: Network based schemes may not be sufficient to estimate UE location. 

We note that the key issue with proposed network based schemes is in estimating the location of the UE. The node that’s best aware of its location in the cell is obviously the UE. Thus, a simple way forward improve the accuracy of network based techniques would be to get assistance from the UE on its location. In Rel-9, we had a similar discussion for inbound HeNB mobility, and looked at candidate solutions to detect when the UE is in vicinity of one or more CSG cells without performing unnecessary measurements. 
As a solution, the proximity indication feature was introduced in Rel-9, in which the UE  is able to determine, using Autonomous Search Function (ASF), that it is is in the vicinity of the CSG or hybrid cell, and send the serving eNB a proximity indication report. The source eNB, upon receiving the proximity indication, might ask the UE to perform measurements, read the SIB of the target CSG cell and/or start the handover procedure.
Observation 4: Small cell proximity detection problem is similar to CSG proximity detection issue discussed in Rel-9
A natural solution would be to extend proximity detection mechanisms to hotspot small cell discovery.  
For instance, when the UE finds itself in the proximity of a known small cell, it would send a proximity indication to the network, similar to what is done currently for CSG cells.  
The main advantage of using solution based on proximity detection is that since it’s already supported for HeNBs, the potential impact to the specifications will likely be minimal. 
In existing specifications, the autonomous search function used to perform proximity detection is left to UE implementation, and a possible implementation could be location based if the UE supports the functionality. For example, the UE can store its coordinates or signal strength map when it first visits or is in proximity to a CSG cell, and henceforth, whenever its current location is close to the stored coordinates or signal map, it can send a proximity indication to the eNB. However, such proximity reporting implementations may be of macro cell granularity and this is clearly not sufficient for small cell detection.
The ASF relies on the UE maintaining fingerprints for the CSG cells it visits, and thus introduces additional requirements on the UE processing and memory. With macro-pico deployments, given the number of pico-cells may be larger, one of the concerns with extending existing UE based ASF proximity detection is the scalability of the solution with respect to UE processing and memory requirements.   Additionally, the CSG proximity detection only works for cases where the cell has previously visited by the UE, however for small cells the network may want to be able to offload all types of UEs (e.g. the ones that are in that area for the first time or are re-visiting the area).
Observation 5:  Pure UE based generic proximity detection of any small cell may not be practical. 
Thus, completely relying on network based schemes may have accuracy and potential battery consumption issues and on the other hand, using autonomous search function based UE trigger schemes may not be very feasible for high-density open access cell deployments.   
In order to simplify UE proximity procedures, a network assisted UE proximity solution should be considered.   Given the fact that the network is aware of its deployment, it may provide some assistance information to the UE to facilitate proximity detection functionality.  
When the UE determines that it has approached near a network indicated location it may trigger a proximity indication report, which in turn may help the network determine whether to start inter-frequency measurements.  
The network may specifically configure the UE with a set of criteria (for e.g. location coordinates, intra-frequency small cell PCIs, etc.) based on which UE may detect proximity to a small cell or “offload area”, and the UE may trigger a proximity report when the criteria is met. By providing specific criteria for the UE search function, the UE proximity triggering is more deterministic and unlike Rel-9 autonomous search function (ASF), does not get impacted by the implementation specific design.  
This approach still benefits from the power savings of UE based proximity schemes, as it is possible to perform the measurements only when the UE determines it is in potential vicinity of a small cell, and thus the number of inter-frequency measurement UE has to perform is reduced.  In addition, the network retains the control over deciding when and who gets configured with the offloading information, and streamlines the offload procedure.
Proposal 2: Agree on considering the Network assisted UE based Proximity Detection mechanism as a possible solution for inter-frequency small cell detection.
3 Conclusion
RAN2 is requested to discuss the proposed approach to combine the key benefits of the Network and UE based solutions, while eliminating some of the issues discussed in the individual solutions. 
Proposal 1: Agree that proposed measurement based solutions are not sufficient standalone solutions for inter-frequency macro-pico deployments.
Proposal 2: Agree on considering the network assisted UE proximity detection mechanism as a possible solution for inter-frequency small cell detection.
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