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1 Introduction
Potential solutions have been proposed in previous RAN2 meetings to enhance the detection performance of inter-frequency hotspot small cell.  Among the solutions discussed in email discussion [1], solutions 2 and 5 - 8 are regarded as proximity based small cell detection, solution 1 and 3 are regarded as measurement based solutions mainly used to optimize UE power consumption. 
Solution 9 and 10 are treated as complementary solutions for solution 1 and are only useful for UE battery, hence it could also be grouped into the category of battery saving optimization. 

· Primary small cell detection solutions: 
· Relaxed measurement configuration i.e. provisioning low duty cycle measurement gap or relaxing RRM performance requirements for power savings. (Solution 1, 3)
·  Proximity based cell detection, i.e. triggering the inter-frequency cell detection and measurement only when a hotspot small cell is nearby. Proximity may be either detected by the UE or by network listening. (Solution 2, 5, 6, 7, 8)
· Complementary solutions (for battery savings):
· UE MSE based inter-frequency small cell measurements  (Solution 9)
· Small cell signal based control of inter-frequency measurements  (Solution 10)
In RAN2#77, we agreed that the small cell discovery discussion should be targeted for hotspot small cell deployments, as captured in agreement –

“For inter-frequency small cell detection evaluation we focus on a scenario where one (macro) frequency layer provides full coverage and where pico-cells are provided on a second frequency layer for offloading purposes including means to improve perceived QoS in hot spot locations.”
In this paper, we analyze the solutions proposed specifically towards small cell detection issue.
2 Potential enhancements to small cell discovery 

2.1 Relaxed inter-frequency cell detection and measurement
Longer measurement period and relaxed measurement performance requirements were proposed in [2]
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 \* MERGEFORMAT [3], to reduce the power consumption of UE in the detection and measurement of hotspot small.  
However, in case the same frequency is used for both hotspot and coverage small cells, when the UE is configured with the relaxed measurement gap mode and moves nearby a coverage hole of the serving frequency, its radio link connection could be dropped as sluggish inter-frequency measurements may degrade inter-frequency mobility performance.  As summarized in email discussion, if we use the longer measurement period and relaxed side conditions only for small cell discovery but make coverage handover decisions based on measurements done on existing gap patterns and side conditions, there is no impact to inter-frequency mobility. This presumes that the measurement configuration for mobility measurements is different than measurements for offloading/load balancing purposes, which may not always be possible. Thus, relying on this scheme alone will provide lesser flexibility to the network and UEs will not be able to operate properly in mixed deployments with coverage and hotspot small cells.
Observation 1: Relaxed inter-frequency measurement configuration can provide improved battery savings, but has limited applicability in mixed deployments with coverage and hotspot small cells. 
2.2 Proximity based solutions
The proximity based mechanisms can be categorized as Network based small cell proximity alert methods and UE based small cell proximity indication methods.   
2.2.1 Network based small cell proximity alert methods
Network based solutions (Solution 5, 7) can be explored to support legacy UEs. Network can find out if UE is close to a pico cell by checking UE’s uplink signal or by analysing UE’s measurement report.  The network based listening could be performed either at the pico-cell or the macro-cell.
	Solutions
	Description
	Pros
	Cons

	NW-based solutions

	Solution 5:  Macro cell listening based proximity alert [9]
	Macro cell guesses when the UE is close to pico-cell by comparing measurement reports of a UE with records of those UE having Macro-Pico handover before. 
	· Given the network has complete information on the location and the parameters of a pico-cell deployment; it would be best to have the network decide when a UE is approaching the vicinity of a “offload” small cell. 
	· There might be some inaccuracy in using RF fingerprinting to determine proximity in dense networks

· Assumes that the NW has up-to-date measurements, which may not always be available.

	Solution 7: Pico cell listening based proximity alert [7]

	Pico cell can discover that a Macro UE is nearby if uplink signal from the UE is detected, and report to Macro eNB
	· Network (pico) performs detection using existing signals, so minimal impact to the UEs
	· This solution would increase Pico eNB cost and complexity as it requires an additional RF unit to listen and be able to decode macro UE uplink.



Given the network has complete information on the location and the parameters of a pico-cell deployment; it would be best to have the network decide when a UE is approaching the vicinity of a “offload” small cell. 
However, there are some concerns if these solutions will have desired accuracy given HetNet deployments tend to be in more dense urban settings, and the accuracy of the measurements could be affected by multipath interference.  The network may configure periodical reporting to get more frequency measurement results, however this comes at the expense of increased signalling overhead and potential battery consumption in the UE. 
Observation 2: Accuracy of network based solutions is dependent on accuracy on accurate fingerprinting and frequent measurement reporting.
2.2.2 UE based small cell proximity alert methods 
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. When UE finds itself in the proximity of a known small cell, it would send a proximity indication to network, similarly to what is done currently for CSG cells. The proximity indication can be used as the trigger to start inter-frequency measurement operation. The detection of proximity to a small cell or offload cell can be developed according to stored information based on mobility history, or a directory of hotspots provided by higher layer applications, or signalled by the network.

We further evaluate the UE based proximity schemes proposed in [1].
	Solutions
	Description
	Pros
	Cons

	UE based solutions

	Solution 2: Small cell discovery signal in macro layer [5, 9]
	Discovery signals are transmitted at the location of small cells on the frequency of macro cell. These signals can be measured by the UE and reported to the serving macro cell
	This solution doesn’t need inter-frequency measurements to discover small cells and discovery process might be quick.
	· Potential increase of the cost of the network implementation 

· Increase in interference to the frequency of the macro cell.



	Solution 6: UE based small cell proximity detection [4]


	When UE finds itself in the proximity of a known small cell, it would send a proximity indication to network (similar to R10 HNB proximity detection)
	Re-use existing logic of Rel-10 UE autonomous proximity detection scheme used for HeNB detection to detect pico-cells.
	In case of pico-cells, there can be lot of cells that are relevant to UE, so there is increased memory overhead & processing overhead for the UE to maintain fingerprinting information.

	Solution 8: Network triggered background scans for Pico cells [9]


	The network indicates the presence of Pico cells through a broadcast bit. The network could also broadcast the frequencies where the pico cells could be found.
	Relies on network broadcast, thus UE doesn’t have to incur memory and processing overhead of fingerprinting.
	The broadcast assistance may not reduce time to perform measurements, as it would result in performing measurements all the time when UE is served on the macro cell. 


Although each solution has specific trade-offs, in general, UE based proximity detection approach can avoid wasteful inter-frequency measurement, and hence it benefits UE significantly by saving power consumption and reducing U-plane interruption caused by inter-frequency measurement. 
Some secondary advantages of UE-based proximity detection are that the proximity report could be filtered based on UE state information, including, for e.g. location of the UE, UE’s MSE state, etc. However, the main drawback of all these UE based detection methods is in case of pico-cells or open-access cells [R2-121417], there can be quite a lot of cells that are relevant to the UE, and hence the UE based autonomous search function will have very demanding battery consumption and memory resource requirements. 
Observation 3: Key limitation of UE based schemes is the increased memory and battery consumption due to large number of open-access pico-cells that need to be considered.
2.3 Joint Approach: Network controlled UE proximity detection
As discussed above, 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.  
There are some key advantages for having the inter-frequency measurement decision in the network:
· Network can take the pico cell-load into consideration for deciding on offload. Since objective is to “offload” macro UEs the load of the target pico cell should be considered first.

· Network can take into consideration the density of target pico cells. For e.g. if the network knows its approaching a sparse deployment, it could configure less frequent measurement gap pattern (e.g. 6ms every 80ms), but if it’s very dense, it could configure more frequent measurement gap pattern (e.g. 6ms every 40ms).

However, as summarized in Observation 2, the network based schemes rely on accurate fingerprinting and up-to-date information which requires excessive reporting, leading to too much signaling overhead. 
Also, as seen with Observation 3, UE based schemes address these concerns, but the key issue is autonomous proximity detection at the UE was not designed for the off-loading and has substantial memory and processing overhead for scenario under consideration.
In order to maintain the simplicity of network deciding suitability criteria for offloading purposes, and allowing the flexibility for the UE to analyze site conditions against the criteria, we consider a joint approach where the network retains control of the measurement configuration while getting the proximity indication from the UE. 

In a joint solution, 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 is required to monitor the cell conditions against the criteria and 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.  In order to limit the times when the UE monitors against such criteria the network may configure the UE only when it enters an approximate area of pico cells (e.g. when it enters the coverage of a macro cell).  
This approach still benefits from the power savings of UE based proximity schemes, as it is possible to perform the measurements only when small cell is detected, 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.

This approach combines the advantages of network and UE based approaches as it retains network control in making the offload decision, while allowing better accuracy with UE based proximity detection. Furthermore, reporting can be made more efficient as the UE can be configured to filter reporting based on configuration, for e.g., the UE MSE state. For example, the network could configure the UE to trigger proximity detection only when the provided location criteria met and UE is in low-mobility state.

The network may perform the UE configuration whenever appropriate, for e.g., when the UE first connects, or upon handover to a macro cell. The configuration from the macro cell could include information including the location of the small cells, for e.g., the GPS coordinates of the small cells or the PCIs of small cells in coverage of macro cell. The UE may now perform measurements to determine whether it has come within the vicinity of any of the locations specified earlier and provide an indication to notify the network. 

3 Conclusion

RAN2 is requested to discuss the proposed solution which keeps the key benefits of the Network and UE based solutions, while eliminating some of the issues discussed above.

Proposal: Discuss proposed “Network controlled UE proximity detection” solution. Add this solution to the TR.
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