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1
Introduction
In this paper we take an initial high level look at one possible solution that addresses the small cell discovery objective of the Hetnet Mobility Enhancements study item [4] and as outlined in [6].

2
Background
In the Hetnet study item [4] one of the objectives is to identify and evaluate strategies for improved small cell discovery/identification. In [5] we demonstrated using simulations the impact of different inter-frequency measurement periodicities and number of small cells deployed, on UE power consumption (energy used solely for the purpose of small cell detection) and impact on the offloading capability. There it was shown that if we use the currently available measurement gap pattern (6ms gap every 40 or 80ms) the impact on the UE power consumption is significant (and negative) even when having a relatively large amount of small cells deployed. In a Hetnet scenario where small cells are deployed as hotspots for the purpose of offloading users from macro cell (capacity scenario) the constant use of inter-frequency measurements using the current standardized measurement gap patterns [7] and measurement rules [2] will drain the UE battery rapidly. Note that in macro only network the use of inter-frequency measurements is done when seen necessary by network e.g. when it is required for offloading traffic to a different frequency layer (load balancing) or due to mobility reasons. It should also be observed that the currently defined gap pattern [7] was originally designed for mobility purposes i.e., it was designed and optimized for allowing fast inter-frequency/RAT cell detection and measurements enabling fast mobility when needed.

In this paper we propose an optimized inter-frequency small cell detection solution for the small cell offload use case where the UE first assists the network by signalling the network about the potential presence of small cells so that the network can configure the UE with background cell search. Network configuration of background cell search involves the network providing the UE with a new gap pattern with a longer inter-gap interval suitable for such background cell searches for small cells on any other carrier frequency. This allows the UE to perform continuous background search for inter-frequency small cells until the UE detects the proximity by actual cell detection of a small cell on a particular carrier frequency. When UE detects a small cell it follows the current proximity indication procedure that triggers the network to configure regular inter-frequency measurement [2] for the carrier frequency of the small cell.
3
Discussion
Inter-frequency cell search and measurements, using currently defined measurement gap patterns [7], even with long measurement gap periodicity (i.e. 80ms), is not power efficient especially when small cell density under a macro cell is not very high like that in hotspot scenario for capacity reasons (e.g. use in home environment or office). It would be more power efficient if the UE were to perform the inter-frequency measurements for small cell frequency layer less frequently. We call such measurements a background inter-frequency measurement.
3.1
New gap pattern for background inter-frequency measurements
Currently the standardized measurement gap patterns involve a 6ms measurement gap and gap periodicity of 40ms or 80ms [2][7]. As already shown in [5] even a gap periodicity of 80ms is too frequent for inter-frequency measurements for small cell detection for offloading purposes (see section 3.3). So the current standardized measurement gap patterns are not suitable for background inter-frequency measurement purpose. A new measurement gap pattern specifically designed for background inter-frequency measurement is required with corresponding relaxed measurement performance requirements relative to the performance requirements for inter-frequency measurement that is already defined in [7] for inter-frequency macro cell mobility. This solution is quite effective with minimal specification impacts to RAN2 but requires RAN4 to define new cell detection and possibly measurement performance requirements for background inter-frequency measurement for small cell detection. 
Proposal 1: It is proposed to adopt a new measurement gap pattern for background inter-frequency measurements and investigate further what would be the appropriate gap pattern configuration for the purpose of small cell discovery.
3.2
UE assisted Network configured background inter-frequency measurements
Even in HetNet background inter-frequency measurements using specially designed measurement gap pattern (with longer gap periodicity) need not be done all the time if there are no small cells in a particular macro cell coverage area. UE would benefit from having network control exactly when the UE has to perform such background inter-frequency measurements. One solution (see figure 1 and figure 2) is to have the UE indicate to the network about the rough presence of small cells in the coverage area of the macro cell. The network can then configure the UE with background inter-frequency measurement based on this UE assistance. The exact solution to determine presence of small cells in a macro coverage area can be left to UE implementation. As one example, the UE could remember the presence of small cells based on macro cell RF finger print. The background inter-frequency measurement helps the UE search and ‘detect the proximity’ of small cells by actually being able to detect the cell and signal the network when a small cell is detected. The UE signalling the network about small cell detection results in the network configuring the UE with the regular inter-frequency measurement which already has well defined performance requirements [7]. A specified and network configurable/controlled background inter-frequency measurement (with standardized measurement gap pattern and associated performance requirement) allows us to have predictable mobility performance. In all a more efficient small cell discovery that has less impact on the power consumed by the UE.

Proposal 2: It is proposed to discuss the UE assisted network configured background measurement, cell detection and reporting solution for inter-frequency measurements of small cells with predictable mobility performance and see if it has merits for further study.
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Figure 1 Illustration of use of background and regular inter-frequency measurements
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Figure 2 Signalling Flow Illustrating the UE assisted, network configured background search, cell detection and reporting for inter-frequency measurement of small cell
3.3
Simulation Results
Figure 11 in [6], also reproduced here, presents the comparison of UE power consumption for inter-frequency small cells when using a simple 80ms and 6s inter-frequency measurement period with measurements at regular intervals vs the one using background inter-frequency measurements every 2s after the UE signals the network the presence of small cells using a simple RF fingerprint based method. The results are shown for UE speed of 3kmph. For details of simulation background and assumptions see [6]. Note that in this simulation the measurement gap interval of 2s is assumed but actual gap pattern for background measurements require RAN4 involvement.
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Figure 3 UE power consumption and small-cell connected time for periodic inter-frequency measurement at 80ms and 6s compared to UE assisted, network triggered background inter-frequency measurement (normalized to the 80ms case)

From the results shown in Figure 3 there is a small impact on the small cell connected time in form of a small drop in connected as the cell detection time increases from 80ms to 6s (without fingerprint). Using a simple fingerprint improvement lowers the impact from the increased cell detection interval such that the small cell connected time is quite close to that of continuously using 80ms search interval.

In addition we see that there is a significant drop in the UE power spent on searching for the small cells. Best performance here is reached when combining the UE fingerprint with background inter-frequency measurement gap pattern.
4
Conclusion
In this paper we presented, at a high level, a power efficient solution for inter-frequency small cell detection in a HetNet environment and propose the following:

Proposal 1: It is proposed to adopt a new measurement gap pattern for background inter-frequency measurements and investigate further what would be the appropriate gap pattern configuration for the purpose of small cell discovery.

Proposal 2: It is proposed to discuss the UE assisted network configured background measurement, cell detection and reporting solution for inter-frequency measurements of small cells with predictable mobility performance and see if it has merits for further study.
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