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1
Introduction
In the Hetnet study item ‎[6] one topic to look at was:

· Identify and evaluate strategies for improved small cell discovery/identification. (RAN2)
In this paper we will take a look at the small cell detection options available in current specifications and analyse the impact of having continuous cell search ongoing on UE side. Metrics used is the energy used on UE side for scanning and the time the UE is connected to the small cell.

2
 Background
Deployment of small cells may be done for various reasons such as the support of HeNBs, the deployment of hot spots for offloading, enterprise deployments etc. In order to analyse the impact of having to support small cell detection on the UE for different scenarios we have instead taken a more generic look at the problem. We study a scenario of 200x200m observation area in the coverage area of a macro-cell. Small cells are deployed indoors on a separate carrier. We have assumed that the macro-cell has configured measurements for the UE in order to detect the small cells and to utilize the offloading possiblities. We have also assumed that the measurement configuration is active for any UE position in the observation area in the scenario, since the location of the UE is not exactly known to the network and the whole scenario is well inside the coverage area of the macro-cell, 
We estimate the energy used by the UE solely for detection of small cells.We study scenarios with different amount of small cells in the area and different scanning periodicity. 
As power used on scanning is only one side of the story we have also taken a look at the time the UE is actually connected to a small cell. This will give an indication about possible loss of offloading opportunities due to different scanning periodicities. The more time an UE is connected to a small cell the less the UE scans for new small cells or attempted to be offloaded to small cells.
The goal of this contribution is to analyse the impact of small cell detection by looking at the scanning periodicity, while at the same time see how this potentially impact the possible offloading possibilities.

In the next section we present the results, analyse the outcome and conclude on our findings.

3
Simulation results and discussion
In this section we first shortly describe the setup (more details in appendix) and present the results obtained from our simulations. In the second section we then take a closer look at the outcome and analyse the impacts and the problem. Note that the simulation for this study does not use the simulation assumptions agreed in ‎[7] because the simulations based on ‎[7] is mainly meant to evaluate mobility of UE in Heteregeneous Networks using simpler model for quick calibration purposes only and does not take small cell detection modeling in to account.
3.1
Simulation results
We have not used proximity indication in our simulation as we’re here looking more generally at small cell detection and not only on CSG cell detection. Secondly in our simulator the UE will always perform a small cell scan right after exiting a small cell. Additionally we’re in these simulations only analysing the impact from inter-frequency cell scanning.
First results presented in table 1 is the 95th percentile scan energy [in mJ] used in the UE for small cell scanning. At least 5% of the users will experience the increased energy consumption due to the detection of small cells.
Table 1: Energy used on small cell scan as a function of amount of small cells in 14 hours.
	Cells/frequency
	0.08s
	0.2s
	2s
	6s
	60s

	2
	944955
	377957
	37789
	12593
	1293

	7
	937300
	374900
	37490
	12494
	1286

	17
	917200
	367000
	36800
	12275
	1262

	29
	799300
	320550
	32400
	10867
	1142

	46
	658800
	263950
	26800
	9200
	1050

	63
	392850
	157550
	16150
	5600
	683

	80
	5525
	2483
	650
	525
	319

	100
	2200
	1150
	470
	436
	325

	116
	700
	425
	344
	331
	288


Numbers are illustrated in figure 1. Note that the y-axis is logarithmic.
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Figure 1: Energy used on small cell scan as a function of amount of small cells in 14 hours.
Secondly in table 2 we present the mean connected time in percentage of the simulation time as a function of the amount of small cells in the scenario which varied in similar manner as previously. The mean connected time connected to a small cell is a good measure of the potential offloading opportunity . Even though longer intervals between the scannings might save UE power this needs also take into account the possible loss in offloading possibilities. i.e. the time delay in which a small cell could have been detected and used for offloading but wasn’t due to delay in cell detection.
Table 2: UE mean connected time to small cells as a function of amount of small cells in percent of simulation time (14 hours).
	Cells/frequency
	0.08s
	0.2s
	2s
	6s
	60s

	2
	7.748
	7.7453
	7.7247
	7.6867
	7.5133

	7
	25.1527
	25.1427
	25.056
	24.8913
	23.298

	17
	50.5347
	50.5187
	50.33
	50.0193
	47.412

	29
	72.4793
	72.4673
	72.3213
	72.0387
	68.774

	46
	81.05
	81.0453
	80.9473
	80.7513
	78.0220

	63
	93.3653
	93.3660
	93.3047
	93.1967
	90.5793

	80
	99.4440
	99.4460
	99.4127
	99.3440
	97.1573

	100
	99.6507
	99.6513
	99.6413
	99.6267
	98.3027

	116
	99.886
	99.886
	99.8847
	99.882
	98.74


Numbers are illustrated in figure 2.
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Figure 2: UE mean connected time to small cells as a function of amount of small cells in percentage of simulation time (14 hours).
3.2
Discussing the results
The results presented in former section are to some extent as expected but they also indicate some interesting trends.

As can be seens from table 1 and figure 1 there is a rather linear correlation between the scanning periodicity and the power consumed in UE for scanning. This is as expected. As can also be seen from the table 1 and figure 1 at a certain point when there are rather many small cells deployed the UE power consumption impact is no longer so severe as for the case when only a small amount cells are deployed.

We can draw the following conclusion from the results on the power consumption spent on small cell scanning, as presented in table 1 and figure 1. If using the currently available measurement gap pattern (6ms gap every 80ms) the impact on the UE power consumption is significant even when having a relatively large amount of small cells deployed (e.g. 60 small cells in an area of 200x200m).
Table 2 and figure 2 present the simulation results related to the UE mean connected time in percent of simulation time during which the UE is connected to a small cell as a function of the scanning interval and the amount of small cells deployed. As can be seen from the results there is no significant impact on the connected time from having different scanning intervals. The amount of small cells deployed has a significantly higher impact on the connected time.
The following conclusion can be drawn from the second set of results presented in table 2 and figure 2 under the given simulation assumption. The connected time does not seem to be negatively impacted by scanning periodicity but the connected time is more depending on the amount of small cells deployed.

Based on above simuation results we conclude that only having the currently defined measurement gap patterns, inter-frequency cell detection can have a significant negative impact on the UE power consumed solely for the purpose of small cell scanning. From the results we can see that scanning for small cells using the currently available measurement gap patterns in fact does not, in general, lead to any better results compared to other scanning interval when it comes to potential offloading opportunities. On the other hand we see from the results that the scanning periodicity has significant impact on the Ue power consumed for cell detection.
Proposal: Based on the presented results we propose to look into solutions that would be able to give a better overall performance for general inter-frequency small cell detection. 
4
Conclusion
In this paper we have presented simulation results where we have looked at the impact on UE power consumption as a function of the small cell scanning periodicity and the amount of small cells deployed. Simlarly we have at the same time analysed the impact on UE connected time to small cells depending on the scanning periodicity and amount of cells deployed. From the simulations result we see that high scanning periodicity does not necessarily improve the small cell connected time (since connected time is mainly a function of number of small cells deployed) – but instead it has direct and significant impact on UE power consumption.

Based on the presented results we propose to look into solutions that would be able to give a better overall performance for general inter-frequency small cell detection.
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Appendix
The simulator results were obtained with a dynamic radio system simulator.

The evaluation scenario was adopted from ‎[4]‎
. The scenario comprised 24 buildings with three floors and eight apartments on each floor, Figure 1. A number of access points were distributed in randomly chosen apartments and at most one access point in one apartment. The number of access points was 2, 7, 17, 29, 46, 63, 80, 100, or 116. The antennas were isotropic and the maximum transmission power was 23 dBm or -7.8 dBm per subcarrier. The access points operated on the same channel and they were open to all users. The propagation model was Indoor Femto Suburban Model 1‎[5]. Figure 2 shows the SNR map of one access point in the scenario. Uncorrelated slow fading with 3.1 dB deviation was added to the propagation loss. Fast fading was not modelled.

A fixed number of 150 users were dropped to the scenario in randomly chosen apartments. The simulated period was 14 hours which was split into 40 ms intervals. At each interval, the positions and signal-to-interference ratios were calculated for each user. The network detection step was performed periodically. The detection took place at every second interval with the fastest scanning rate of 80 ms. Other detection periods included 200 ms, 2 s, 6 s, and 60 s. The receiver no-data active state was assumed to last 6 ms for performing the measurement. The corresponding energy consumed was assumed to be 6 ms x 0.25 W = 1.5 mWs. If the SNR of the strongest access point was higher than -3 dB then decoding the PBCH and SIB 1 was assumed with an additional energy of 0.75 mWs. If the SNR of the strongest access point exceeded 0 dB then the access point was selected for offloading and the network scanning was halted. The network scanning was restarted if the SNR of the selected access point dropped below 0 dB.

The mobility of each user was controlled by a state machine that defined whether the user was stationary, moving in the apartment, or moving around from apartment to apartment including transitions from building to building. The speed of moving users was 1 m/s. The mobility model was the same as in ‎[4] but with a shorter 14-hour evaluation period from 7 am to 9 pm. The mobility state diagram is shown Figure 3.  The randomly chosen apartment, to which a user was dropped, became the user’s home apartment. The user was initially stationary for a random period that followed the exponential distribution with the mean value of 45 min (~Exp(45 min)). After the stationary period, the user started moving locally in the home apartment (~Exp(5 min)) with probability 0.85 or moving around in the scenario (~Exp(30 min)) with probability 0.15. There were two entrances in the ends of the ground floor corridor for the users to move in and out of buildings. After moving around, the user selected a random apartment and moved in there with probability 0.75 or moved back to the home apartment with probability 0.25. In both cases, the user started either the stationary or move local period with equal probabilities.
[image: image3.png]HEEERE
H R
B O e
gmm il il




Figure 1. The evaluation scenario with 24 buildings shown from above. Each floor has a corridor in the middle and there are four apartments on each side of the corridor. The apartments are divided into four rooms of equal size.
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Figure 2. The SNR (dB) map of one access point based on Indoor Femto Suburban Model 1. The outer wall penetration loss was 20 dB. The internal wall loss was modeled as a log-linear value equal to 0.7 dB/m.
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