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1. Introduction

In [1][2] we discussed interference conditions and discussion on the requirements needed for RRM, RLM, demodulation and PBCH/PSS/SSS. In this contribution, a summary of the system simulation results is included and a comparison of two methods to get the Es/Noc is discussed. 
2. PBCH/PSS/SSS side conditions
The side conditions for PBCH/PSS/SSS have been discussed in previous meetings. The common understanding is to decide the Es / Iot values of interest 5%-ile of pico UEs (or 50%-ile CRE pico UEs) during non-ABS, and observe the interest UE at the reference Es/Iot level.  

Focusing in hotspot configuration and ISD = 500m, two different percentiles are considered: the 5%-ile of pico UEs (red in Table II) and 50%-ile of CRE pico UEs (green in Table II) during non-protected subframes. To be noticed, since the sample amount for Pico-UE’s location is quite relevant, we run simulation using a high number (more than 15000) of Pico users for more precise results.
The interference level perceived by those users for the Es / Iot are obtained and shown in the Tables below. Particularly, we plot in Table I the Es / Noc levels for the Es / Iot levels of interest. Noc is the interference from all other cells except the serving cell and the three strongest macros (i.e. interference from remaining macros plus remaining pico interference plus noise). The Es / Noc is reported for the victim cell and for the three strongest macro interferers. Notice that Noc is the same for the victim cell and the three strongest macro interferers, so that the CRE can be obtained from the tables below as the difference between Es / Noc aggressor 1 and Es / Noc victim. 

Observation 1: The CRE is obtained as the difference between Es / Noc aggressor 1 and Es / Noc victim.  
There are two approaches to obtain these values:

· Method 1 ([4]):
1. The Es / Iot values of interest are extracted from Table II (red and green columns).

2. Pico UEs within +-0.2dB of the reference Es / Iot are filtered. For them, (Es / Noc) victim for the users of interest is obtained (e.g. -6.1dB).

3. Pico users with given (Es / Noc) victim are further filtered, and for them compute (Es / Noc) aggressor x values.  

4. For all cases, the median of (Es / Noc) aggressor x are reported. 

· Method 2 ([3],[6]):
1. The Es / Iot values of interest are extracted from Table II (red and green columns).

2. Pico UEs within +-0.2dB of the reference Es / Iot are filtered. For them, (Es / Noc) victim and (Es / Noc) aggressor x are obtained.

3. For all cases, the median of given (Es / Noc) victim and (Es / Noc) aggressor x are reported. 

Notice that two approaches are different and lead to different values of Es / Noc for the aggressors (1, 2 and 3), which are crucial to decide how many interferers should be modelled. The Es / Noc levels for both methods are shown in the Table. 

Table I. Es / Noc. Configuration 4b and non ABS

	
	Tx power = 24dBm

	Users
	
	Es / Iot
	(Es / Noc) victim
	(Es / Noc) aggressor1
	(Es / Noc) aggressor2
	(Es / Noc) aggressor3

	5%-ile pico UEs
	Method (1)
	-10.1dB
	-6.1dB
	-0.5dB
	-2.3dB
	-4.7dB

	
	Method (2)
	-10.1dB
	-3.3dB
	4.4dB
	0.1dB
	-4.8dB

	50%-ile CRE Pico UEs
	Method (1)
	-6.7dB
	1.2dB
	6.3dB
	-0.3dB
	-6-6dB

	
	Method (2)
	-6.7dB
	1.2dB
	6.6dB
	-1.7dB
	-5.0dB

	-
	Method (1)
	-9.5dB
	-4dB
	2.4dB
	-2.1dB
	-5.2dB

	
	Method (2)
	-10.3dB
	-4dB
	3.7dB
	-0.8dB
	-4.8dB

	
	Tx power = 30dBm

	5%-ile pico UEs
	Method (1)
	-9.3dB
	-5.3dB
	-0.7dB
	-2.7dB
	-4.9dB

	
	Method (2)
	-9.3dB
	-3.2dB
	4.7dB
	-1.1dB
	-5.8dB

	50%-ile CRE Pico UEs
	Method (1)
	-6.1dB
	3dB
	7.8dB
	-1.6dB
	-6,1dB

	
	Method (2)
	-6.1dB
	2.9dB
	7.5dB
	-2.5dB
	-6.4dB

	-
	Method (1)
	-8.9dB
	-4dB
	1.6dB
	-2.9dB
	-5.7dB

	
	Method (2)
	-10.2dB
	-4dB
	3.9dB
	-0.9dB
	-5.5dB


The Es / Noc victim values for 5%-ile pico UEs case with method (1) are very close to the proposed reference values in previous RAN4 meetings (see e.g. Es / Noc = -5dB in [4] and Es / Noc = -6dB in [5]). And the 3rd aggressor Es/Noc level is higher than that of the victim. However, the Esaggressor1-Esvictim Ratio is 5.6dB (being Noc the same value for victim and aggressors), thus the set of values do not well represent the interference levels of the UEs in extended CRE range.
However, with method (2), it is observed the 3rd aggressor Es/Noc level is rather weak. While the Esaggressor1-Esvictim Ratio is 7.7dB, which can represent the interference levels of UEs in the very cell-edge (CRE=9dB). Where the Es / Noc victim values for 5%-ile pico UEs case is -3.3dB.
Another value, Es / Noc = -4dB, has also been discussed for closer analogy with Rel-10 requirements, and it is also included in the table for comparison purposes. It is shown that in this case the Esaggressor 1 - Esvictim >0dB, thus the UEs are located in the CRE area (6.4dB bias in method (1), 7.7dB bias in method (2)). 

Proposal 1: RAN4 should decide the procedure to get Es / Noc of aggressors 1, 2 and 3 for a given Es / Iot and Es / Noc victim. 
In Figure 1 (a) we show a scatter plot of the Es / Noc of the victim and the strongest aggressor for tx power = 24dB and only for users filtered around -10.1dB±0.2 (5%-ile pico UEs). In Figure 1 (b) we further filter the pico users in Figure 1 (a) around the side condition Es / Noc = -4dB, as it is done in method (2). 
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(a) All pico UEs conditioned to Es / Iot = -10.1dB













 (b) Pico UEs in (a) plus further filter pico UEs around Es / Noc victim = -4dB (method (1))
Figure 1. Scatter plot of (Es / Noc) victim and (Es / Noc) aggressor 1 for picot x power = 24dBm 
According to the figure, the different interference levels on aggressors could come from the different samples. If we filter again in method (1) around (Es/Noc)victim= -4dB (as shown with the red rectangle filter), we get lower values of (Es / Noc)aggressor1 and the others than those generated from method (2).
Notice that UEs plotted in the figure are already filtered by Es/Iot = (-10.1+-0.2) dB, thus all those UEs are severely interfered, and need to keep the minimum performance to avoid outage. It can be observed that a low value of Es / Noc aggressor 1 is associated with a low value of Es / Noc victim, and vice versa. Moreover, a UE with Es victim – Es aggressor 1 = -9dB (CRE) does not necessarily mean that Es / Noc victim is very low, it can be due to the fact of having both high signal and interference levels, as demonstrated in figure 2, the UE2 and UE1 (UEs with red triangle marks in figure 1(a)) are both on the very cell edge (7 or 9dB of Esaggressor1-Esvictim Ratio). The UE2 is with low (Es/Noc)victim of -6dB and low (Es/Noc)aggresor1 level of 1dB, while the UE1 with high (Es/Noc)victim of 7dB and high (Es/Noc)aggresor1 level of 16dB. The same behaviour is observed with aggressors 2 and 3. The further filtering around a given/low (Es/Noc)victim value is not necessary. Thus, we recommend using all the samples in the plot to further generate Es/Noc of aggressors, and not further filter around (Es/Noc)victim as proposed in method (1). And due to the fact that the plotted UEs spreads quite widely and may not well converged to a certain value for (Es/Noc)aggresor1,2,  it is more important to ensure the CRE offset (Esaggressor1-Esvictim Ratio) instead of sticking to the statistic values (e.g. median, X-ile CDF, etc), in order to capture the typical stringent interference condition for UEs on very cell edge. 
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Figure 2. Demonstration of signal and interference levels for CRE UEs  

Conclusion: The second approach generating Es/Noc values reflects to the CRE offset of 9dB. And it is more important to ensure the CRE offset (Esaggressor1-Esvictim Ratio) to capture the typical stringent interference condition for UEs on very cell edge.
3. Summary

We compared two methods to generate the Es/Noc values. Based on the results, we make the next observations:
1. The CRE is obtained as the difference between (Es / Noc)aggressor1 and (Es / Noc)victim.  
2. With method (1) the difference between aggressor 1 and victim is in the order of 4~5dB, whereas with method (2) this difference goes up to ~8dB, approaching the CRE offset of 9dB (users in the very cell-edge). 
3. And in method (1), some useful sample is discarded in generating Es/Noc, thus lower values of Es / Noc aggressor is obtained compare with method (2) 
We conclude the second method generating Es/Noc values without further filtering with a given value of (Es / Noc)victim is more reasonable. And it is more important to ensure the CRE offset (Esaggressor1-Esvictim Ratio) to capture the typical stringent interference condition for UEs on very cell edge which need to keep minimum performance.
And we propose RAN4 should decide the procedure to get Es / Noc victim and Es / Noc of aggressors 1, 2 for a given Es / Iot.
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APPENDIX A: System Simulation Results
Es / Iot
In Table II we show the Es / Iot percentiles for transmission power = 24dBm and 30dBm, configuration 4b and ISD = 500m, during protected and no protected subframes. 


Table II. %-ile [dB] of the Es / Iot for the Ues of interest

	
	ABS
	Non ABS

	
	Pico
	Macro
	Pico
	Macro

	
	ALL
	CRE
	Non-CRE
	
	ALL
	CRE
	Non-CRE
	

	
	5%-ile
	25%-ile
	50%-ile
	50%-ile
	5%-ile
	5%-ile
	25%-ile
	50%-ile
	50%-ile
	5%-ile

	4b
	24dBm
	500m
	-2.0
	-0.3
	1.8
	20.2
	-3.5
	-10.1
	-8.6
	-6.7
	2.7
	-0.8

	
	30dBm
	500m
	-1.8
	0.2
	2.2
	21.3
	-4.2
	-9.3
	-8.1
	-6.1
	4.0
	-0.4


Specifically, we use the next working points extracted from Table II and agreed in previous RAN4 meetings:

· 5%-ile of pico Ues during ABS (blue) for RRM&RLM/CRS IC
· 5%-ile of pico Ues during ABS (blue) or 50%-ile of pico Ues in CRE during ABS (yellow) for demodulation/CRS IC
· 5%-ile of pico UEs during non-ABS (red)  and 50%-ile of pico UEs in CRE during non-ABS (green) for cell detection /PSS/SSS/PBCH IC

