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1
Introduction
In this paper we propose a possible solution that addresses the small cell discovery objective of the HetNet Mobility Enhancements study item [1] and as outlined in [2] at the RAN2#77 meeting. 

The proposed solution focuses on the minimization of inter-frequency small cell search so as to avoid excessive power consumption. Also, we present system level simulation results to justify that large amount of energy could be saved without any notable offloading loss.  

2
Background
In the HetNet study item [1] one topic to look at was to identify and evaluate strategies for improved small cell discovery/identification. In [3] 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 procedures, the impact on the UE power consumption is significant (and negative) even when having a relatively large amount of small cells deployed. Hence, in the next section we look at possible improvements to overcome the in-efficiencies of using the current inter-frequency measurement configuration for the purpose of small cell detection. The idea behind the improvements is that the periodicity of searching is made dependent on the signal strength or quality of a detected small cell because the stronger the detected cell is the smaller is the probability that the UE will find an even stronger cell. Network configured RSRP/RSRQ thresholds are introduced for controlling the search of small cells:
· First improvement: When UE has detected a small cell stronger than a threshold T1, it can suspend inter frequency search of other small cells.
· Second improvement: When UE has detected a small cell that is stronger than a threshold T2 but not strong enough than threshold T1 for suspending search, it can reduce the periodicity of inter-frequency measurements for the carrier of the detected small cell.
3
Discussion
3.1
Small cell signal based control of inter-frequency measurements
In order to take advantage of the offloading opportunities provided by small cells on another frequency layer(s), UE could perform infrequent background measurements. Even if there is no immediate need for offloading, the network would then be aware of these opportunities and thus able to hand UE over to a small cell. However, when a (macro cell) UE has detected a good enough inter-frequency small cell, there is no need for the UE to continue searching for other small cells at all because the probability of finding a better cell would be small. Therefore, the UE could just infrequently check the RSRP or RSRQ of the found small cell without inter-frequency search of other small cells. Subsequently, the UE would resume inter-frequency measurements again if the found small cell becomes weaker e.g., due to the UE moving away from its coverage.

Our first proposed improvement, suspending inter frequency search, is illustrated in Figure 3, where the signal strength/quality threshold T1 is introduced. UE1 is served by the macro cell BS1 on frequency 1, but has detected a strong inter-frequency small cell BS2 on frequency 2. The network may choose not handover UE’s connection to BS2, but UE can stop searching for other inter-frequency cells until BS2’s RSRP/RSRQ decreases below threshold T1.
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Figure 3 Triggered suspend/resume of small cell inter-frequency measurements

A second signal strength/quality threshold T2 in Figure 3 is introduced to illustrate our second proposed improvement, reduced search periodicity at a carrier of a detected but not sufficiently strong cell. UE2 is served by the macro cell BS1 on frequency 1, but has detected an inter-frequency small cell BS2 on frequency 2 stronger than the threshold T2 but weaker than T1. T2 is selected such that the likelihood of finding a better cell at the same carrier is reduced so much that a frequent search of cells is not beneficial. Then, UE can extend the periodicity of inter-frequency search on frequency 2 until BS2’s RSRP/RSRQ exceeds the threshold T1, meaning that UE can stop all inter frequency searching,  or becomes worse than T2 , meaning that UE resumes normal cell search periodicity.
Proposal 1: It is proposed to adopt the solution that adjusts the periodicity of inter-frequency measurements for small cell discovery intelligently depending on their received signal strength/quality. Exact thresholds and signalling details are FFS.
4
Simulations 

In this section we first shortly describe the simulation scenario used. Next, we discuss the implementation and benefits of inter-frequency small cell search enhancement scheme through the results obtained from our simulations. 
4.1
Simulation scenario and main assumptions
The simulation results were obtained with a dynamic radio system simulator where the realistic path loss and shadow fading models are implemented. The scenario is as shown in Figure 4. There are 7 hexagonal macro cells with 3 sectors in each. Each macro cell sector in the central tier has four pico cells deployed in its area. The macro base station transmit power is 46 dBm and pico base station transmit power is 30 dBm, each on a 10 MHz carrier. Thus the pico cells can be considered ‘small cells’ in this scenario. The macro cells operate on one carrier frequency and the pico cells on other carrier frequencies than the macro cell and each other. The operating bands are assumed to be adjacent around 2 GHz frequency to be able to use a single path loss model. There are 350 UEs moving in the scenario. UEs are moving in random directions at the speed of 3 km/h until the end of the simulation world and retrace the same path back. 
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Figure 4: HetNet 2-Tier scenario with four pico-nodes per sector in the central tier.

Table 1: Main simulation parameters
	Parameter
	Assumption
	Notes

	Macro cell ISD
	500 m
	3GPP Case 1

	Macro BS TX power
	46 dBm
	

	Pico BS TX power
	30 dBm
	

	No. of UEs
	350
	Randomly deployed across the scenario

	Pico-Cell Deployment
	4 per Sector
	Randomly placed at the central tier

	UE speed
	3 km/h
	

	TimeToTrigger
	480 ms
	

	HO hysteresis
	3 dB
	Between macro cells

	Inter-frequency measurement period
	1 s
	Required time for the search of all frequencies

	Tintra-f measurement
	200 ms
	For macro cells


4.2
Simulation results and discussions

Dynamic system simulations were performed according to the given scenario in section 4.1 to analyse the potential impact of the main enhancement scheme, which suspends the small cell search based on a signal strength threshold (i.e., threshold T1), on energy-consumption and offloading. 
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Figure 5: Energy-saving at inter-frequency small cell search vs. Loss in small cell connected time
To make a reliable analysis the reference case is implemented such that UE does inter-frequency cell search continuously with 1 s periodicity if it is in the coverage area of the macro cells at the central tier. On the other hand, if the enhanced inter-frequency search is applied and a sufficiently strong small cell is detected during small cell search (i.e., when the small cell is stronger than the RSRP threshold T1), the inter-frequency small cell search for other carrier frequencies is stopped, which is different from the reference case. Both in reference and enhancement schemes, the UE is handed over to the strongest base station (macro or pico) regarding the available RSRP measurements which are obtained with 1 s periodicity. 

Based on the performance results collected of the implemented schemes, the proposed scheme for inter-frequency small cell search provides significant amount of energy-saving (i.e., greater than 15%) without any notable offloading loss (i.e., less than 2%) as shown in Figure 5. Furthermore, when the signal strength threshold for inter-frequency small cell search is optimized (i.e., threshold T1: -70 dBm for the implemented simulation scenario), offloading loss becomes negligible while the amount of energy-saving is still at a notable amount at around 15.5%. 
5
Conclusion
In this paper we have proposed a solution for addressing the small cell discovery/identification objective of the HetNet Mobility Enhancements study item. We have also justified the solution presenting simulation results in terms of UE energy consumption and small cell connected time performance metrics. The following summarizes the proposal made in the paper:

Proposal 1: It is proposed to adopt the solution that adjusts the periodicity of inter-frequency measurements for small cell discovery intelligently depending on their received signal strength/quality. Exact thresholds and signalling details are FFS.
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