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1. Introduction

According to [1], the SI on UMTS heterogeneous networks was started at RAN#57, which plans to investigate mobility issues, performance impacts and possible optimizations for both co-channel and dedicated frequency deployments of macro and small cells.
According to the [2], the Inter-frequency small cell discovery has been analyzed and issues identified in case of the dedicated frequency deployment for the small cells. In this document we discuss the issue and the possible enhancements.
2. Discussion
2.1 Inter-frequency small cell discovery issue
For small cell deployments, it is required that the UE under the coverage of the small cell should be able to select/reselect/handover to the small cell in order to offload UE to the small cell. In case the small cell is co-channel deployment with the frequency of the macro cell, there is no small cell discovery issue based on intra-frequency measurement. In case of the dedicated frequency deployment for the small cells, there is no macro cell in the dedicated frequency of the small cell. The inter-frequency small cell detection depends on the inter-frequency measurement before offloading UE to the small cell. There are following cases in the dedicated frequency deployment:
· For the CELL_DCH UE supporting the inter-frequency measurement without compressed mode

The estimated quality of the current used frequency is most likely above a certain threshold since the current used macro frequency provides the full coverage. Therefore the network can configure the Inter-frequency small cells measurement to UE, regardless of the estimated quality of the currently used frequency is below a certain threshold (i.e. 2D) or not.
However, the inter-frequency measurement configuration brings the great power consumption because the measurement requirement is same as the intra-frequency measurement. For example, the UE shall be able to identify a new detectable cell on the indicated adjacent frequency, the frequency in the inter-band or each of the two indicated frequency belonging to the monitored set within the inter-frequency identification period, the identification period is same as the intra-frequency identification period.
Observation 1: The power consumption caused by the inter-frequency measurement would be significant for the CELL_DCH UE supporting the Inter-frequency measurement without compressed mode.
· For the CELL_DCH UE not supporting the Inter-frequency measurement without compressed mode
The UE only could measure the inter-frequency and discover the small cell after receiving the gap configuration. In order to avoid the data transmission performance loss caused by the compressed mode measurement, generally the gap is not configured by the network until Event 2D is received from UE. However, the 2D event triggering conditions could not be met because the estimated quality of the current layer is always above a certain threshold. Therefore if the network activates the inter-frequency measurements more often than what is needed, the power consumption and the data transmission interruption impact are great if there is no optimization on the trigger of the inter-measurement configuration.
Observation 2: The power consumption and the data transmission interruption impact caused by the inter-frequency measurement would be significant for the CELL_DCH UE not supporting the Inter-frequency measurement without compressed mode.
· For the idle UE supporting for absolute priority based cell re-selection in UTRAN
UE could not measure the inter-frequency because the estimated quality of the used frequency is most likely above a certain threshold, the network should always put the small cell layer as the highest priority, and UE can measure the inter-layer every (60 * Nlayers) seconds, Nlayers is the total number of configured higher priority frequency. It seems no significant impact on the power consumption. However the discovery efficiency of the small cell is low.
Observation 3: For the idle UE supporting for absolute priority based cell re-selection , the power consumption is not significant and the discovery of the small cell is not efficient for the UE supporting for absolute priority based cell re-selection.
· For the idle UE not supporting for absolute priority based cell re-selection in UTRAN
UE could also not measure the inter-frequency because the estimated quality of the used frequency is most likely above a certain threshold. Therefore UE could not re-select to the small cell.
Observation 4: UE not supporting for absolute priority based cell re-selection could not re-select to the dedicated frequency small cell.
In Rel-11 LTE hetnet SI, the issue has been studied, the study focussed on a scenario where one macro frequency provides full coverage and where small cells are provided on second frequency layer for offloading purposes. For inter-frequency small cell detection, the study focus on the following use case where the UE does inter-frequency small cell measurements for a carrier that is expected to have non-uniform coverage for offloading/load balancing purposes in [3]. The scenario is same as the dedicated frequency deployment scenario in UMTS.
Observation 5: The inter-frequency small cell discovery scenario in LTE Rel-11 HetNet is simliar as the inter-frequency small cell discovery scenario in UMTS.
The Objectives for inter-frequency small cell measurements are to optimize the data offloading potential has been studied based on four criteria in the Rel-11 LTE Hetnet SI:

· UE power consumption for inter-frequency small cell measurements in HetNet deployments should be minimised.
· Any interruptions on the serving cell(s) due to inter-frequency small cell measurements should be minimised.
· Inter-frequency mobility performance should not be degraded by measuring inter-frequency small cells.
· Mobility performance of legacy UEs should not be degraded to improve inter-frequency small cell detection by Rel-11 UEs.
Since the scenario of the inter-frequency cell discovery in UMTS is same as the scenario in LTE, UE inter-frequency measurement and cell re-selection mechanism is similar in UMTS and LTE, the discovery issue also is similar; therefore the above criteria can also apply to the study in UMTS Hetnet SI.

Observation 6: The criteria of the inter-frequency small cell measurement in LTE Rel-11 HetNet could also apply to the inter-frequency small cell discovery in UMTS.
2.2 Possible enhancement on the issue
The issue has been analyzed in the Rel-11 LTE HetNet SI. There are network based and UE based solution listed in [3]. There are several considerations to improve the inter-frequency measurement to save the power; all of the solutions could apply to UMTS: 
Solution 1: Longer measurement period 
Longer measurement period is applied for inter-frequency small cell measurements.
Solution 2: Relaxed side condition 
Side conditions for measurements, such as RSCP, Ec/No, Path loss can be relaxed for small cell measurements.
Solution3: UE MSE based measurements
Fast-moving UE (high and possibly medium mobility state) may suspend inter-frequency measurements that are configured for offloading/load balancing purposes.
Solution4: Small cell signal based control of measurements
If UE detects a sufficiently strong small cell, 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.
Solution5: Measurements without gap assistance
For Carrier Aggregation cases, measurements without gap assistance are mandated for CA capable UE.
There is no CA capable UE in UMTS, correspondingly the supporting measurement without compressed mode are mandated for some UMTS Rel-12 UE.
Solution6: Small cell discovery signal in macro layer
Discovery signal formed by legacy control channels 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 RNC according to the measurement configuration. The RNC can either immediately trigger a handover to the inter-frequency small cell or request the UE to perform inter-frequency measurement.
Solution7: UE based proximity detection
Autonomous cell search and proximity indication, which was introduced for CSG cell detection and measurement, can be extended to small cell discovery with minimum impact on the specifications. 
Solution8: Proximity detection based on macro/small cell listening
Proximity detection for inter-frequency open access small cells is performed by the NodeB, and the macro NodeB activates inter-frequency measurement for the concerned UE(s). The details of the proximity detection can be left to NodeB implementation.
Alternatively, a small cell can discover that a Macro UE is nearby if uplink signal from the UE is detected.
Solution9: Proximity detection with broadcasted assistance
The network could indicate the presence of small cells through a broadcast bit or the location range of the alert zone of the small cell(s) overlaid with the macro cell. The network could also publish the frequencies where the small cells could be found. The UE could start background measurements on these frequencies in DRX. When UE determines the proximity to the small cells, it sends a "proximity report" and then the Network configures normal measurements and UE reports normal measurement report. 
The power consumption and data transmission interruption impact depend on the period and the duration of the inter-frequency measurements. Therefore the small cell discovery issue should be studied from the point view of causing the least impact on the data transmission performance and power consumption for the CELL_DCH UE and the support of the idle UE. It is proposed RAN2 to study the potential solutions further from point view of the efficiency and power consumption. 
Proposal 1: It is proposed RAN2 to study the inter-frequency small cell discovery for the CELL_DCH UE and for the idle UE.
3. Conclusions
In this document we give an analysis of the Inter-frequency small cell discovery and consideration of the enhancement on the issue. It is proposed that RAN2 investigates the issue and study the possible solutions.

Proposal 1: It is proposed RAN2 to study the inter-frequency small cell discovery and the possible enhancement.
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