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1. Introduction

In RAN2#82, the options solutions to the inter-frequency small cell discovery and identification issues for the dedicated frequency deployment case has been discussed, the five options and the evaluative dimension have been captured in the TR 25.800.This paper further discusses the solutions.
2. Discussion
2.1 Solutions in the TR
1. UE based proximity detection
Based on UE implementation (e.g. the fingerprint info), UE is able to determine that it is near a small cell and may provide to the network a proximity indication, the network could configure the compressed mode gaps for the CELL_DCH UE to measure the inter-frequency small cells. For the other state UE, when UE detects a small cell and performs the inter-frequency measurement and reselects to the small cell.
It can be applied in the CELL_DCH/Non-DCH UE. The power consumption depends on the fingerprint information. If UE detect the small cell by the GPS position info then the power consumption is high. 
The detect accuracy and efficiency depends on the fingerprint information. If the fingerprint info is the last stored the neighbour macro cells measurement result when UE handover between the small cell and the macro cell, then the info may be useless, e.g. if UE moves to the small cell with the different trajectory from the last handover procedure. Therefore it could not provide good detect performance. 
The small cells are open and deployed in the public place, the number of the fingerprint info of the small cells is higher than the in the CSG case, when UE moves across the macro cells, so how to maintain the necessary feasible fingerprint info for the small cells in the current macro cell might be a challenge.
The proximity indicator function is only applied to CSG proximity indication capability UE in TS 25.331, if it needs to extend the small cell case then RAN2 is impacted.
2. Network based proximity detection 
There are two type network based proximity detection:

a) Macro cell based proximity detection

Proximity detection for inter-frequency small cells for UEs in the vicinity areas of macro is performed by the macro network, upon being detected by macro network, the UEs are further commanded to initiate inter-frequency measurements towards small cells.
b) Small cell based proximity detection 
Small cell detects the uplink signal of UEs which are near the small cells in CELL DCH, upon being detected by small cell, the UEs are further commanded to initiate inter-frequency measurements towards small cells.
UE has no additional power consumption in the two solutions because the detection is performed by the network; the additional workload is in the network side. And they only can be applied in the CELL_DCH UE.
For the macro cell based solution, the detect accuracy and the performance depend on the saved fingerprint info. For the solution a), if the fingerprint info is the neighbour macro cells measurement result when UE handover between the macro cell and the small cell, then UE needs period report the neighbour macro cells measurement result to the macro cell, the heavy signalling overhead is foreseen, also, if UE move on the different trajectory, the fingerprint info is useless; if the fingerprint info is based on the Round Trip Time measurements result, as known only the cells in the active set can obtain the RTT, the use case is very limited. Therefore the detect performance is not good.
For b), the macro cell sends the uplink info of the CELL_DCH UE to the small cell; the small cell detects the UE and notifies the macro cell. The solution b) is better than the solution a) from the point view of the signalling overhead and detecting performance. The solution b) has RAN3 impact.
3. UE detects small cell with network assistance 
The network provides the fingerprint info to UE via system information or via the dedicated signalling message, such info:

a) The location info of the small cell(s) overlaid with the macro cell, 
b) The distance info of small cell towards at least two macro cells either in Ec/No scope or RSCP scope.
The solution can apply to the CELL_DCH/Non-DCH UE. There is no additional power consumption if 3b) is used. According to the minimum value of the Qqualmin and the Threshold used frequency is is -24db, when Ec/No >-24db, UE could detect the PSC and measurement P-CPCIH, the solution could work in the more than 90% macro area. If there are other Intra-frequency small cells, then the fingerprint info could include the Intra-frequency small cell and the solution could work better.
Compared to the solution 1, UE need not maintain the high number of the fingerprint info by receiving the latest fingerprint info of the small cells from the macro cell, UE implementation is simpler. When UE leaves the macro cell, the fingerprint info could be released. The detect performance is better than the solution 1 since the fingerprint info is collected and updated by the network. And it has some overhead between the network and UE.
Compared to solution 2, it could avoid the proximity detect complexity and workload of the network side and the signalling overhead caused by the frequent measurement report.

The solution has RAN2 impact.
4. Relaxed and limited measurements for UE in Non DCH state
a. The network could request the UE to perform Inter-frequency measurements for a limited period of time when entering non DCH states to save battery power.
b. Also some relaxed inter-frequency measurements for cell reselection can be used.
It only applies to the Non-DCH UE.
For a, the use case is very limited, if the small cell is not available when UE entering non DCH states and the small cell is available after the state change, the solution is useless. 
For b, the power consumption is more than solution 1, 2 and 3. If the measurement period is large then the detect performance is low; If the period is small then the power consumption is large. And the inter-frequency small cell measurement consumes the additional power when the small cell is not nearby. Also it brings the data transmission interruption if UE uses the relaxed inter-frequency measurements because UE cannot perform the data transmission and reception. It brings the signalling overhead to configure the relaxed inter-frequency measurement and it brings the complexity to switch the different inter-frequency measurement period for the UE since the small cell might be on the same Inter-frequency of the macro cell. If the small cell is deployed both for the coverage enhancement and capacity, it is difficult to determine to use which measurement period, if the longer measurement period is configured for UE, it would impact the cell re-selection performance under the case the small cell is deployed for the purpose of coverage enhancement.
It impacts the RAN2 and RAN4.

5. Configurable NCL in CELL_PCH, URA_PCH and CELL_FACH

When the UE is in CELL_FACH, URA_PCH or CELL_PCH, the Network can change the NCL of the UE using dedicated signalling; cells can be added or removed from the list broadcasted in the SIB on a per UE basis.
It brings the signalling overhead between UE and RNC. It impacts the RAN2.
The solution need to determine the accuracy UE position, however it is very difficult to do this. And it would bring the risk of being out of service to UE if UE receive the NCL which only has the inter-frequency cell and UE move out of the small cell, especially if the small cell is deployed in the edge of the two macro cell.
Therefore it should not be considered as a solution to the issue.

Based on the general analysis above, Solution 5 should be excluded first, Solution 1 is a best effort solution, and it could not give a good performance. Solution 2b, 3b and 4b could help to solve the Inter-frequency small cell discovery issue, solution 2b and 3b is mainly applied to the CELL_DCH UE, solution 4b is applied to the Non DCH UE. From the detect performance, power consumption, the complexity and the signalling overhead point of view it is suggested that the UE detection with network assisted 2b solution, the small cell based proximity detection 3b and the relaxed inter-frequency measurements for cell reselection 4b should be investigated further. 
Proposal 1: It is proposed that in WI stage RAN2 focus on proximity detection related mechanism and other mechanisms could also be discussed if more improvements are justified.
3. Conclusions
In this document we give an analysis of the Inter-frequency small cell discovery solutions. It is proposed that that solution 2b, 3b and 4b should be investigated further in the WI stage.

Proposal 1: It is proposed that in WI stage RAN2 focus on proximity detection related mechanism and other mechanisms could also be discussed if more improvements are justified.
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