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1
Introduction
In the previous RAN2#77 meeting, possible solutions addressing the small cell discovery objective of the Hetnet Mobility Enhancements study item [2] were discussed [1]. One of the proposed solutions was that a fast-moving UE could suspend the inter-frequency measurements, unless those are done for coverage reason (indicated by low signal quality). 
In this paper we present simulation results on how the small cell offloading opportunities provided by inter-frequency pico cells diminish with increasing UE speed. In particular, we provide insight into the trade-off between UE power consumption caused by inter-frequency measurements and offloading opportunity offered by the small cells.
Based on the observations from the simulation results presented, we propose a practical enhancement for avoiding high speed UEs needlessly searching for inter-frequency small cells.
2
Discussion
2.1
Simulation scenario and assumptions

Dynamic system simulations were performed to analyse the impact of inter-frequency searching of pico cells at different UE speeds. The aim was to identify the impact on UE power consumption compared to the number of successful offloading connections to pico cells. The performance indicators we considered in our evaluations are the UE power consumption from the inter-frequency search, the mean pico cell connection length, and the percentage of pico cell connections that are shorter than 1 second (we consider connections shorter than 1 second to be so short that they should be avoided).
The simulation scenario is depicted in Figure 1. There are 7 hexagonal macro cells with 3 sectors in each. Each macro cell sector in the center tier has 1 pico cell 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, based on the low transmit power, the pico cells can be considered ‘small cells’ in this scenario. The macro cells operate on one frequency and the pico cells on another frequency. It is assumed there is no interference between the macro and pico cells. There are 350 UEs moving in the scenario. UEs are connected to a detected cell that has highest RSRP. We have simulated different UE speeds from 3 km/h to 120 km/h. While connected to macro cells, the UEs are searching for pico cells using the specified inter-frequency measurement gap pattern consisting of 6 ms gap at 80 ms intervals. Table 1 summarizes the main simulation parameters.
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Figure 1 HetNet 2-Tier scenario with one pico-node per sector in the center tier.
Table 1: Main simulation parameters
	Parameter
	Assumption
	Notes

	UE speed
	{3, 10, 30, 45, 60, 120} km/h
	

	TimeToTrigger
	480 ms
	

	A3-offset 
	{0, 1, 2, 3} dB
	

	Inter-frequency measurement gaps
	6 ms gap every 80 ms
	

	Macro cell ISD
	500 m
	

	Macro BS TX power
	46 dBm
	

	Pico BS TX power
	30 dBm
	

	No. of UEs
	350
	Randomly deployed across the scenario

	Pico-Cell Deployment
	1 per sector
	Randomly placed

	Carrier Frequency / Bandwidth 
	2.0Ghz / 10Mhz 
	Same band, but different carrier assumed for macro and pico


2.2
Simulation Results
Figure 2 illustrates the mean pico cell connection length (time of stay in pico cell) with different UE speed assumptions and different A3 offsets. Mean pico cell connection length statistic is computed over individual connections of individual UEs, i.e. each pico cell connection taking place in the simulation is counted as one sample here. 
The results show that for 3 km/h speed, the average length of the connection is 8-16 s, depending on the handover parameters. Configuring the handover settings less sensitive (higher A3 offset) increases the mean pico connection length at low UE speeds, because it reduces the number of ping-pong handovers. Similar effect is visible still at 10 km/h, but at high UE speed the pico connection length is short mainly due to the UE travelling through the pico cell very quickly and does not significantly lengthen by changing the A3 offset. At 60 km/h the average length of connection is 1.0 s and at 120 km/h only 0.6 s.
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Figure 2 Mean pico cell connection length with different UE speeds and A3 offsets

Figure 3 shows the percentage of pico cell connections that are shorter than 1 second. We consider these connections to be too short to be desired. The threshold of 1 second is aligned with the assumptions of [6], where it is recommended as a threshold for minimum time of stay. Note that in these statistic only pico cell connections are considered (as we are interested in the offloading opportunities), macro cell connection lengths are ignored here.
The results show that for 3 km/h UE speed the short ToS rate is approximately 15 % for 0 dB A3 offset. With higher A3 offset the proportion of very short connections drops notably, down to 3 % with 3 dB A3 offset.  This is mainly because there are fewer ping-pong handovers with higher A3 offset. Similar trend is seen also with 10 km/h, and while absolute proportion of short pico connections is clearly higher than with 3 km/h, the short ToS rate goes below 20 % with 3 dB A3 offset. At high UE speed the A3 offset does not have any real impact and the short ToS rate is very high regardless of it.
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Figure 3 Short time of stay rate in pico cells with different UE speeds and A3 offsets
The results show that with high UE speeds, there is limited benefit from UE performing inter-frequency measurements for the purpose of finding small cells. The possible connections are short due to high UE speed relative to the pico cell size, there is increased signalling overhead compared to actual user data, increase in potential error rates and increased UE power consumption. Here we have assumed 80 ms interval of measurement gaps. With less frequent gaps for background search of small cells, the average small cell detection delay would increase shortening the small cell connection length. For low speed or stationary UE this is not a problem, but for fast moving UE it would notably reduce the offloading opportunity. 
3
UE mobility state based small cell inter-frequency measurements
Simulation results presented in section 2.2 shows that it is not beneficial for fast-moving UEs to search for inter-frequency small cells. The power consumption due to inter-frequency search is increased significantly, but the UE ends up staying a very short time in the small cells. Similar conclusion was reached in our UE mobility state estimation related papers [4]

 REF _Ref315176944 \r \h 
 \* MERGEFORMAT [5], where we have shown that it is better to avoid/steer away high mobility state UE from small cells.

One way to achieve power savings in this case is to suspend inter-frequency measurements for small cells for UEs having high mobility state. We propose the following rules to control the inter-frequency measurements for small cells by a UE in high mobility state. The rules involve the use of different inter-frequency measurement modes which dynamically adjusts the rate of UE inter-frequency measurements for small cells and takes the UE mobility state in to consideration in its decisions.

· If UE is connected to a macro cell

· If UE’s serving cell received signal strength is above a threshold (e.g., RSRP > RSRPThreshold)

· Apply ‘inter-frequency measurement mode 1’

· Else (UE is at cell edge)

· Apply ‘inter-frequency measurement mode 2’

· If UE is connected to a small cell

· Apply ‘inter-frequency measurement mode 2’

Inter-frequency measurement mode 1: increase the inter-frequency measurement rate based on the UEs current  mobility state estimation and increase until a given mobility state estimation threshold after which the measurement is stopped (as handover to a small cell would not be beneficial anymore).
Inter-frequency measurement mode 2: increase the inter-frequency measurement rate based on the mobility state estimation to ensure network connectivity. The measurement rate is increased up to a certain inter-frequency measurement rate threshold after which the measurement rate remains constant.
An example of these measurement modes is shown in Figure 4.
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Figure 4 Inter-frequency measurement modes for measurements while in Macro and small cell
Proposal 1: There should be a mechanism to avoid fast-moving UEs performing unnecessary inter-frequency search of small cells.
4
Conclusion
In this paper we presented simulation results showing that fast-moving UEs have limited benefit from searching inter-frequency small cells. By stopping the inter-frequency small cell search for fast-moving UEs allows significant power saving. 
We make the following proposal. 
Proposal 1: There should be a mechanism to avoid fast-moving UEs performing unnecessary inter-frequency search of small cells. 
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