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1. Introduction
In previous meetings RAN4 has discussed cell search requirements for eICIC and a simulation campaign has been performed at link level to investigate achievable cell search performance in the presence of a single strong interferer and noise. A preliminary requirement to be able to detect a cell within [1000] ms with serving cell SNR of [-4dB] and interfering cell SNR of [1dB] was agreed in RAN4#59. There is, however, interest by some companies in defining the requirement to apply in higher interference [1], and perhaps to facilitate this by allowing a longer time to detect the cell [2].
	Interfering cell CRS Ês/Noc (dB)
	Target cell CRS Ês/Noc (dB)
	Equivalent SNR (dB)

	-Inf
	-6
	-6

	1
	-4
	-7.53902

	2
	-4
	-8.12443

	3
	-4
	-8.76435

	4
	-4
	-9.4554

	5
	-4
	-10.1933


Table 1: Equivalent SNR for different interferer and noise powers
In this contribution, we examine the relationship between detection level and detection time in dynamic system simulations. Based on these results, we conclude that detection time is also of equal importance in eICIC cell search, and in some dynamic scenarios any possible benefit from being able to detect cells at a lower level may not be beneficial in practice if the cell detection time becomes too long.
2. Discussion

Main simulation assumptions are given in Table 2. The transmission of ABS is not explicitly modelled in the simulations as ABS does not provide protection to PSS and SSS transmissions from interference.
	Parameter
	Assumption

	Cellular layout
	Hexagonal grid, 7 sites with 3 sectors, ISD = 1700m. Additional pico cell located at offset of (0,550m) from the center macro cell

	Propagation Model
	L= 128.1 + 37.6Log10(Rkm)

	BS antenna gain
	14dBi (macro), 0dBi (pico)

	BS antenna pattern
	Pico cell : Omnidirectional

Macro cell:
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is defined as the angle between the direction of interest and the boresight of the antenna, 
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 is the 3dB beamwidth in degrees, and  Am is the maximum attenuation. Front-to-back ratio, Am, is set to 20dB. 
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	BS total TX power
	Macro cells : 43dBm 100% loaded

Pico cell : 20dBm, 100% loaded

	UE antenna gain
	10dBi

	UE noise figure
	9dB

	UE speed
	[3,10,30,50,]km/h

	Call location
	Calls stared at 300m from center of coverage, user proceeds radially towards the pico cell center until the pico cell is detected. All directions evaluated in 5o steps

	Shadow fading
	Lognormal, [0,4,8] dB standard deviation

	Cell detection criteria
	Pico cell has SNR>DET_TH for a time of at least DET_TIME. Pico SNR is evaluated every 20ms

	Consequences of SNR dropping below side condition DET_TH after cell detection period has started
	Case 1 : Cell search needs to be restarted

Case  2:  Cell search will be extended by the amount of time that the side condition is not met

	Side conditions and detection times evaluated
	[(-6dB,800ms), (-7.5dB,1000ms), (-10.2dB,1500ms), (-10.2dB,2000ms)]

	Statistics logged
	Distance from center of pico to point where cell is first detected

	Table 2: Simulation assumptions


Figure 1 shows the spatial RSRP distribution in the simulation. RSRP of the strongest cell is plotted, as well as the cell sites. The small pico cell can be seen at position (0,0).
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Figure 1: RSRP of the strongest cell throught the simulation area

Figure 2 shows the SNR of the picocell at different spatial positions. For clarity, all places where the pico SNR is below -20dB are shown as black.
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Figure 2: SNR of the pico cell throught the simulation area

Figure 3 shows the theoretical serving cell that would be used throught the simulation area, assuming that the UE is connected to the best serving cell (from RSRP perspective) and with 0dB handover offset. The radius of the pico cell coverage varies between 55 and 75 metres depending on the direction from which the pico cell is approached.
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Figure 3: Serving cell used throught the simulation area assuming 0dB handover bias and ideal RSRP measurement

Figure 4 is similar to figure 3, but with a 5dB cell range extension bias towards the pico cell. This increases the theoretical coverage area of the pico cell to 75-100m, depending on the direcion from which the pico cell is approached
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Figure 4: Serving cell used throught the simulation area assuming 5dB handover bias and ideal RSRP measurement

The basic methodology of the simulations was that UE calls were started out with the coverage of the pico cell, and the UE moves directly towards the centre of the pico cell. The distance at which the pico cell is first detected is logged and statistics are generated.

In order for the pico cell to be considered successfully detected it needs to meet the side condition (SNR above SNR threshold) for a specified period of time. In case the SNR drops below the SNR threshold again before the pico cell is successfully detected, two different cases were simulated

Case 1: In this case, the detection period is restarted. This corresponds (for example) to shadowing of the pico cell occurring during the verification phase of cell search such that a cell which has been successfully detected fails to be correctly verified. So then the cell will only be detected again if all the phases of cell search are completed.

Case 2: In this case, it is assumed that the time for which the side condition is not met is not usable for cell search, and the overall cell search period is extended by the unusable time. For example, PSS might be successfully detected, but the initial attempt to detect SSS fails due to too low SNR and the UE algorithms reattempt SSS search on a subsequent occasion.
It should be emphasised that the simulations are not intended to model UE implementation aspects such as PSS and SSS search periodicities. Rather the intention here is to look at what different combination of side conditions and detection time for cell search guarantee, and whether it is meaningful and beneficial to define a requirement for detection at a lower SNR if this also corresponds to a longer detection time.
Several aspects of the simulation should be noted. First of all, it is assumed that signal drop due to fast (multipath) fading is already accounted in the link level simulations, so the system simulations presented here consider that the slow fading (pathloss, shadowing) has to allow the side condition to be met for the entire cell search period. If this does not happen then the impact will be quite implementation dependent. Case 1 and case 2 represent attempts to consider the worst and best cases respectively. Case 1 is all that can be assumed from the minimum requirements in RAN4, in other words the side condition needs to be satisfied for the entire cell detection period in order to be sure that the cell will be detected within the expected time. On the other hand, considering real implementations this is probably unrealistically strict. Case 2 is best outcome that could be considered; basically the time when the side condition is not met is considered to provide no useful information towards cell search but otherwise the impact of the outage ends when the outage itself ends and there is no on-going impact when the side condition recovers.
Figures 5-16 present detection statistics for case 1 at different UE velocity and shadow fading standard deviations, and figures 17-28 present detection statistics for case 2.

Results for detection case 1
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Figure 5 :Case 1, 3km/h, 0dB shadow fading
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Figure 6:Case 1, 10km/h, 0dB shadow fading
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Figure 7:Case 1, 30km/h, 0dB shadow fading
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Figure 8:Case 1, 50km/h, 0dB shadow fading
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Figure 9:Case 1, 3km/h, 4dB shadow fading
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Figure 10:Case 1, 10km/h, 4dB shadow fading
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 Figure 11:Case 1, 30km/h, 4dB shadow fading
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 Figure 12:Case 1, 50km/h, 4dB shadow fading
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 Figure 13:Case 1, 3km/h, 8dB shadow fading
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 Figure 14:Case 1, 10km/h, 8dB shadow fading
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 Figure 15:Case 1, 30km/h, 8dB shadow fading
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 Figure 16:Case 1, 50km/h, 8dB shadow fading
Results for detection case 2
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 Figure 17:Case 2, 3km/h, 0dB shadow fading
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 Figure 18:Case 2, 10km/h, 0dB shadow fading
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 Figure 19:Case 2, 30km/h, 0dB shadow fading
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 Figure 20:Case 2, 50km/h, 0dB shadow fading
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 Figure 21:Case 2, 3km/h, 4dB shadow fading
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 Figure 22:Case 2, 10km/h, 4dB shadow fading
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 Figure 23:Case 2, 30km/h, 4dB shadow fading
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Figure 24:Case 2, 50km/h, 4dB shadow fading
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 Figure 25:Case 2, 3km/h, 8dB shadow fading
[image: image30.jpg]ity (CDF)

Probal

12

08

06

04

02

-02

UE velocity 10.0km/h Shadow fading std dev 8.0dB

‘res_6_0dB-800ms'
‘res_7_5dB-1000ms’
‘res_10_2dB-1500ms'
‘res_10_2dB-2000ms'

50

100 150 200 250
Distance from pico (m)

300




Figure 26:Case 2, 10km/h, 8dB shadow fading
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 Figure 27:Case 2, 30km/h, 8dB shadow fading
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 Figure 28:Case 2, 50km/h, 8dB shadow fading
Discussion of results
As expected, in the absence of shadow fading and at low UE velocity, a lower detection threshold would enable pico cells to be detected earlier as indicated, for example in figures 5 and 18. Without any shadow fading, there is also no difference between case 1 and case 2 since users are moving directly towards the pico cell, and the SNR improves monotonically as they approach the pico cell.  For the time being, continuing to consider the case without shadow fading, as UE speed increases the detection time becomes more critical. In other words, due to the UE speed cell search can start at a higher SNR threshold and still be completed by roughly speaking the same point due to the shorter time it takes. Also for the case of 50km/h, a cell search of -10.2dB/2000ms  guarantees only comparable performance to -7.2dB/1000ms (figure 8).
When shadow fading is simulated (especially with 8dB standard deviation) the spread between the CDFs becomes rather small, even for low 3km/h UE speed (e.g. considering Figure 15 and Figure 30). When non-pedestrian UE speeds are considered, the performance of the -10.2dB/1500ms and -10.2/2000ms schemes becomes worse than the release-8 baseline of -6dB/800ms. Especially the results where the side condition has to be satisfied for 2000ms are often worse than the release-8 baseline. 
In practice, our assumption is that a release-10 eICIC UE would still need to satisfy release-8 requirements, in other words it would simultaneously need to be capable of detecting cells at -6dB SNR within 800ms, and cells of TBD dB SNR within a longer time. Hence, in practice they would not perform worse than release-8 minimum performance requirements but the important point to note here is that it would be the release-8 requirements which are often the defining factor in determining when the cell is reported in these dynamic scenarios, rather than any new release-10 requirement which might be defined. This is largely true whenever there is a significant shadow fading environment (see figure 10, 15, 25, 30) even at low UE speed. This is because extending the cell search period increases the probability that shadowing will occur during the cell search period and the side condition will not be met.
Based on this observation, we think that caution is needed when considering extension to the cell search time for eICIC to ensure that any additional requirement which is defined is also meaningful at the system level. There is no value in adding requirements which do not define or limit the performance which will be seen in real operation of devices. In typical dynamic handover scenarios, during the cell detection period the SNR of the target cell will be improving (if the device is moving towards the target cell). Hence, having a lower detection threshold and a longer detection time does not necessarily lead to an earlier reporting of the cell.
3. Conclusions

Based on dynamic system simulations, we have seen that cell detection time is highly important in ensuring that cells can be reported in preparation for handover, especially when shadow fading is considered. The simulations are not intended to model UE implementation aspects such as PSS and SSS search periodicities. Rather the intention here is to look at what different combination of side conditions and detection time for cell search guarantee, and whether it is meaningful and beneficial to define a requirement detection at a lower SNR if this also corresponds to a longer detection time. 
Based on the results, we believe RAN4 should be cautious in extending the cell detection time beyond 1000ms in any additional requirement defined for eICIC. Since release-8 requirements will also (we assume) be applicable to release-10 devices supporting eICIC, we need to consider whether in practical situations the handover preparation performance of the device is defined by the release-8 requirement or the release-10 requirement.
Consideration on the feasible detection SNR and corresponding time taken are the subject of link level evaluation for which we provide results in [1]. The results presented here indicate that in dynamic scenarios -10.2dB/1500ms or -10.2dB/2000ms might define a comparable or in some cases even later handover preparation than -7.5dB/1000ms or even -6dB/800ms. Hence, the practical performance may often be dimensioned by the release-8 requirement rather than the additional release-10 requirement, even for relatively slow moving UE with shadow fading. Considering the likely standard deviation of shadow fading, 6dB shadow fading has been used in past studies on eICIC so the 0dB shadow fading case is unrealistic especially for indoor environments and 8dB or even more may occur in certain NLOS cases,
Based on link level simulation results [1], our view is that cell detection at -10.2dB would be very challenging for a UE to meet as a general requirement, regardless of the amount of time available to perform the detection. Considering the results from this contribution, our view is that it does not make sense to extend the duration part of the requirement arbitrarily. Hence we propose that the -7.5dB/1000ms requirement which is already in 36.133 is confirmed suitable (by simulations), and once this is done the square brackets are removed for release-10.
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