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1. Introduction

In RAN2#81b, the inter-frequency small cell discovery and identification issues for the dedicated frequency deployment case has been discussed and some solutions have been proposed.This paper further discusses the solutions.
2. Discussion
2.1 Some possible options to the issue
In case of the dedicated frequency deployment for the small cells, the small cell coverage is discontinuous under the macro cell. Before offloading UE to the small cell, the inter-frequency small cell detection depends on the inter-frequency measurement. The frequent inter-frequency measurements increase the UE power consumption in idle/CELL_FACH/CELL_PCH and increase the data transmission interruption if the compressed mode is used. 

In RAN2#81b, there are some proposed solutions to solve the issue. The following are analysis of the solutions from the point view of the UE power consumption and data transmission interrupt.
1) Longer measurement period is applied for inter-frequency small cell measurements.
The network could mandate the UE to perform Inter-frequency measurements for a limited period of time when changing state to save battery power. Also some relaxed inter-frequency measurements for cell reselection can be used.

The inter-frequency small cell measurement consumes the additional power when the small cell is available but not nearby. For the UE with the compressed mode, it interrupts the data transmission in the CELL_DCH. The basic measurement period is 480ms defined in TS 25.133, if the longer measurement period is configured for UE, it would impact the mobility performance under the case the small cell is deployed for the purpose of coverage enhancement. If the new measurement period is enabled, the more signalling for the measurement configuration is brought.
2) UE based proximity detection
In hNB case, autonomous search function is used to determine when and where to search for the allowed CSG cells, the autonomous search function for the allowed CSG cells is disabled if UE’s CSG whitelist does not exist or is empty. In hetNet case, the function could not be controlled according to the whitelist because there is no whitelist, UE needs to enable the function always even when the small cell is not available. Therefore the function could bring the power consumption and the data transmission interruption in HetNet case than in hNB case.

In hNB case, the proximity estimation could help to avoid the unnecessary measurement when the CSG cell is not nearby. The UE is able to determine, based on UE implementation (e.g. the fingerprint info), that it is near a CSG or hybrid cell whose CSG ID is in the UE’s CSG whitelist, the UE may provide to the SRNC an indication of proximity. The SRNC could configure the compressed mode gaps for the UE to measure the inter-frequency cells based on the proximity indication. In hetNet case, based on internal implementation (e.g. the fingerprint info), UE is able to determine that it is near a small cell. Compared to the hNB deployment case, there is no “whitelist” for small cells, and the small cells are open and deployed in the public place, if it is expected the proximity indication function to work well the more fingerprint info for UE needs to maintain. 

According to the above analysis, the autonomous cell search is not a feasible solution in HetNet, and the current UE based proximity detection does not work well.

3) Network based proximity detection 

Proximity detection for inter-frequency open accessible small cells is performed by the macro network, and the macro network activates inter-frequency measurement for the concerned UE(s). The proximity detection in network side increases the complexity for the determination of the concerned UE. If the network use the neighbour cells signalling quality as the fingerprint info, then UE needs to frequently report the measurement report, it bring the more signalling overhead.

Alternatively, a small cell can discover that a macro UE is nearby if uplink signal from the UE is detected. The small cell needs to determine the concerned UEs through the uplink detecting of all the macro cell UEs in the other frequency, it increase the signalling overhead at the Iub interface, and it also increase the complexity and the workload for the determination of the concerned UEs and detect the uplink signal quality in the uplink frequency of the macro cell.

As we could see, the two network based alternatives avoid the UE power consumption, however it bring the signalling overhead and the great working load and complexity in the network, therefore it is not a preferred solution.
4) UE detection with network assisted mechanism

The basic approach here is for the network to indicate the information of the presence of small cells to the UEs, such info could help the UE to detect the small cells nearby, in other words, network provides, the fingerprint info for example, for the UE to use, which could improve the discovery efficiency and save the power consumption. Such info could include (precise or approximate) location info of the small cell(s) overlaid with the macro cell, or distance info of small cells towards macro cells either in RSCP or in pathloss. The former is more power consumption because of the GPS position measurement.
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Figure 1 UE detect the small cell with network assisted proximity 
The network assisted method has the advantage that it can collect and update the fingerprint info for the small cells, for example, from the history handover or during the network plan stage. After the network broadcast the fingerprint info of the small cell to UE, UE could perform the proximity detection with the fingerprint info, it could avoid the proximity detect complexity and workload of the network side and the signalling overhead caused by the frequent measurement report.

2.2 Analysis of the options
	Solution
	power consumption
	Performance

	efficiency
	Specification impact 
	Impact node
	complexity

	1
	High if the measurement period is small
	1. Data transmission interruption

2. more signalling for the measurement configuration
	1. Low if the measurement period is large.
2. It only applies connected UE.
	RAN 4
	UE, RNC
	UE needs to support the two kind of measurement requirement and switch between the two measurement periods.

	2
	low if UE has fingerprint info
	
	1. It cannot work before UE has no fingerprint info
2. It only applies connected he idle UE.
	RAN2, if the fingerprint info needs to be standard.
	UE, RNC
	UE needs to maintain a lot of the fingerprint info for all the small cells.

	3
	Low if it is based on the Uplink detect in the small cell
	1. Uu Signalling overhead is high if it depends on the measurement report
2. Iub signalling overhead is high if it is based on uplink detect

	1. Low if UE sends the measurement report with long period.
2. Low if the network detect UE with long period
3. It only applies connected UE.
	RAN3, if it is based on the uplink detection.
	UE, RNC
	The great working load and complexity in the network (e.g. uplink detect, the fingerprint info management and proximity determination)

	4
	low
	More system info is  broadcasted.
	1. high
2. It applies to connected and idle UE.
	RAN2
	UE, RNC
	The network collects the fingerprint info and broadcasts to UE


Based on the general analysis above, proximity based mechanism could help to avoid the unnecessary inter-frequency measurement when the inter-frequency small cell is not available, therefore the power consumption and the data transmission interruption could be improved. From the efficiency, power consumption, data transmission interruption, the complexity and the signalling overhead point of view it is suggested that the UE detection with network assisted solution options should be investigated further as baseline. 
Proposal 1: It is proposed RAN2 to use the solution option of the UE detection with network assisted proximity based mechanism as baseline.
3. Conclusions
In this document we give an analysis of the Inter-frequency small cell discovery solutions. It is proposed that RAN2 use the UE detect with network assisted proximity based solution as baseline.

Proposal 1: It is proposed RAN2 to use the solution option of the UE detection with network assisted proximity based mechanism as baseline.
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