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1
Introduction
During RAN4#63, preliminary system level results for eICIC (intended to provide input to the discussion on how to define the Rel-11 requirements for feICIC) were discussed based on agreed assumptions [1]. After the discussion during RAN4#63, there still was no consensus on how to define the performance requirements, and the questions to answer remain the same:
1. Determine reference Es/IoT levels before interference mitigation in ABS and non-ABS subframes;

2. Identify the number of dominant interferers to be considered in test cases;

3. Obtain reference Es/Noc combinations of the N-th aggressor and victim signal levels.

Of these, we make the following notes:

· Point 1 mainly relates to finding side conditions for critical requirements and test cases such as cell search and RRM measurements. 
· The answer to point 2 will effectively set a lower bound on the CRS interference mitigation capability at the UE in terms of total number of ports. 
· Finally, point 3 will allow defining side conditions for explicitly modelled serving and interfering signal(s) vs. Noc power in demodulation and CSI test cases. 
It is important that quantities derived from these system simulations are representative of realistic deployment conditions while at the same time retaining UE implementation complexity at a reasonable level. It should also be kept in mind that ultimately, RAN4 requirements do not need to (and will not) emulate all aspects of field conditions.In the end, it is both necessary and sufficient to have core requirements which can differentiate good and bad performance of implementations. 
This contribution provides further analysis of Rel-11 feICIC interference conditions for cell search, refining preliminary findings reported in [2]. All of the provided results assume zero-power ABS and low power ABS is not considered.
2
Analysis of side conditions for cell search
2.0 
Methodology

The considered deployment parameters are the same as in [2]. These comply with baseline assumptions [1]: Configuration 4b(4) (i.e. assuming 4 pico cells per macro node area) with ISD=500 m and cell range extension (CRE) of 9dB. Quantities of interest (Es, D1, D2, Noc1, Noc2, Noc3, etc) remain the same and these were defined in [2]. To obtain statistically accurate results, we have used a reasonably large sample set of ~70000 pico UEs dropped to the pico hotspot(s).

We analyze the data from the simulations according to following methodology:
· Step 1: Determine serving cell reference Es/IoT level for the UEs of interest (5%-tile of cdf for all pico UEs). Here reuse-1 type of signal [3] such as PBCH/PSS/SSS is considered under full load interference. We highlight the fact that 5th-15th percentile of Es/IoT cdf for all pico UEs typically depicts cell edge conditions. In case the subset of CRE pico UEs is considered instead, cell edge conditions translate to higher fractiles of the corresponding Es/IoT cdf.
· Step 2: Filter pico UEs in order to isolate the ones in cell edge conditions with Es/IoT within ± of the reference Es/IoT identified at Step 1, where  =0.2dB has been chosen here as tolerance value;   
· Step 3: Compute reference Es/Noc (e.g. 5%-tile of Es/Noc cdf) for UEs filtered at Step 2, which allows identifying the worst case of pico UEs in cell edge conditions in terms of serving cell SNR within the subgroup of pico UEs in cell edge conditions in terms of Es/IoT (Step 2).
· Step 4: Further filter pico UEs from Step 2 in order to isolate the ones in cell edge conditions in terms of Es/Noc within ± of the reference Es/Noc identified at Step 3. For these UEs, identify typical D1/Noc and D2/Noc conditions which can then be used as side conditions in cell-search test cases.
Figure 1 illustrates the above steps and highlights expected interference conditions. The above methodology shares similarities with the one proposed in [3], and the same methodology has also been used in [5] to study the interference conditions for RLM/RRM purposes. 
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Figure 1: Pico cell edge conditions in terms of Es/IoT and Es/Noc.
As starting point, based on the above discussion the following is proposed:
Proposal 1: 
RAN4 should agree that the above methodology is used when defining the side conditions for cell search and RLM/RRM core requirements for feICIC.

Proposal 2: 
Determine reference Es/IoT as x%-tile of cdf for all pico UEs, where the value of x within [5-15%] is to be agreed upon.
Proposal 3: 
Only dominant macro interferers are considered.
Proposal 4:
Determine typical {(Es/Noc3), (D1/Noc3), (D2/Noc3)} values jointly based on their multivariate distribution.

2.1 
Step 1 – Identify reference Es/IoT in non-ABS subframes
Typical Es/IoT (i.e. SINR) levels for all pico UEs in non-ABS subframes (reuse-1 signals) were investigated in a previous contribution [2]. Based on 5%-tile values of Es/IoT cdf under different path loss model assumptions it was concluded that Es/IoT = -9dB should be targeted as reference level. Further, given that the CRE equals 9 dB, it would be natural to have the Es/IoT requirement reflect the same value.
2.2 
Step 2 – Filter pico UEs within ± of the reference Es/IoT

In this step, starting from the ~70000 data samples, we filter UEs with Es/IoT= -9±0.2dB. Based on this subset of UEs, we do analysis considering the correlation between the samples: We conduct a 3D probabilistic analysis to evaluate the probability of encountering any given pair of {(Es/Noc3), (D1/Noc3), (D2/Noc3)} values. Figure 2 shows a 3-dimensional scatter plot of {(Es/Noc3), (D1/Noc3), (D2/Noc3)} for these UEs having Es/IoT around -9dB. It is easy to see from the figures that there exists a clear correlation between these three quantities, which indicates the importance of looking at these quantities jointly (i.e. not just taking independent mean values immediately). As demonstrated by Figure 1, the higher the Es/Noc, the larger D1/Noc and D2/Noc. Therefore, we think that deriving the interference levels from the joint distribution is the most suitable way to determine what the typical interference conditions for eICIC deployments are.
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Figure 2: Step 2 – 3D scatter plot of (Es/Noc3, D1/Noc3, D2/Noc3) for all pico UEs conditioned to Es/IoT=-9dB; proposed options for interference conditions are marked in red {(-4dB,1.5dB,-1.3dB) and (-5dB,0dB,-3dB)}

.


2.3 
Step 3 – Identify 5%-tile of Es/Noc cdf for UEs filtered at Step 2
In this step, we start from from the subset of UEs filtered at Step 2 and then determine the Es/Noc distribution which depicts the pico cell SNR distribution for UEs at Es/IoT around -9dB. The corresponding SNR cdf is shown in Figure 3 where the 5th percentile is seen to be at -5.1dB. In principle, Es/Noc=-5.0dB may serve as reference but for closer analogy with Rel-10 eICIC numbers, we still consider pico cell edge reference Es/Noc = -4.0dB.
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Figure 3: Step 3 – Es/Noc3 cdf for all pico UEs conditional to Es/IoT=-9dB.


2.4 
Step 4 – Filter pico UEs within within ± of the reference Es/Noc identified at Step 3
In the final step, we further filter pico UEs within ±0.2dB of the reference Es/Noc determined at Step 3. As pointed out in Section 2.3, we consider two possible reference Es/Noc values:

· Option 1:  Es/Noc = -4.0dB;
· Option 2: Es/Noc = -5.0dB.
For each of these sub-group of UEs, we represent the associated pairs of {(D1/Noc), (D2/Noc)} in two 2-dimensional scatter plots (see Figure 4 and Figure 5) where the mean and the median values are indicated respectively as circle and square dots. 
The main advantage of the scatter plot is that we are able to retain the existing correlation between {(D1/Noc),(D2/Noc)} values, conditioned to Es/IoT= -9.0±0.2dB and Es/Noc= -5.0±0.2dB (or Es/Noc= -4.0±0.2dB). We also note that the approach in reference [4] leads to higher observed interference levels because it consists at looking at {(D1/Noc),(D2/Noc)} without any conditioning to the serving cell Es/Noc as done here.
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Figure 4: Step 4 – 2D scatter plot of (D1/Noc3, D2/Noc3) conditioned to Es/Noc3= -4.0dB.
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Figure 5: Step 4 – 2D scatter plot of (D1/Noc3, D2/Noc3) conditioned to Es/Noc3= -5.0dB.


Since the mean and the median values of {( D1/Noc),( D2/Noc)} in the above 2-dimensional scatter plots prove to be very close to each other, we have identified the following options for typical conditions for cell search in Table 1 below. These are also marked in red in the 3D scatter plot of Figure 2. Between the two options, our slight preference would be to  reuse Es/Noc=-4.0dB since that would be consistent with Rel-10 Es/Noc number. However, we think Option 3 could be even better choice: As already suggested by preliminary investigations [2], the 2nd interferer is weak so it would be reasonable and less complex from test case viewpoint to just have one interferer: In Option 3, the power of the 2nd dominant macro interferer has been simply added to the first interferer. We also note that such approach could make the test more efficient in identifying receivers implementing e.g. PSS/SSS mitigation/cancellation.
Proposal 5:
Choose Es/Noc=-4.0dB, D1/Noc=+1.50 dB and D2/Noc=-1.30dB as the interference conditions for cell search for feICIC.
Proposal 6: 
Consider modelling a single dominant interferer for cell search requirements given that the 2nd dominant interferer is typically weak. If that is found agreeable, choose Es/Noc=-4.0dB, D1/Noc=+3.35 dB as the interference conditions for cell search for feICIC
Table 1: Identified typical interference conditions for cell search in feICIC
	
	Es/Noc [dB]
	D1/Noc [dB]
	D2/Noc [dB]
	Es/IoT [dB]

	Option 1
	-4.00
	+1.50
	-1.30
	-8.98

	Option 2
	-5.00
	+0.00
	-3.00
	-8.98

	Option 3
	-4.00
	+3.35
	N/A
	-9.00


As further confirmation, a “slice” at Es/Noc=-5dB (resp. Es/Noc=-4dB) of the 3D joint probability density distribution function, denoted with p(x,y,z) with x=(Es/Noc3), y=(D1/Noc3) and z=(D2/Noc3), shows that the interference conditions in Table 1 effectively correspond to the center of probabilistic mass. 
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Figure 6: 3D PDF of {(Es/Noc3), (D1/Noc3), (D2/Noc3)} conditioned to Es/Noc3= -4.0dB.
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Figure 7: 3D PDF of {(Es/Noc3), (D1/Noc3), (D2/Noc3)} conditioned to Es/Noc3= -5.0dB.


2.5 
Discussion and way forward on cell search studies

Based on the analysis, we propose that RAN4 should first agree on the side conditions for the cell search based on the typical interference conditions observed for the cell search under -9 dB CRE. After that, link level studies, similar to those done during Rel-10 (see [6] for simulation assumptions for those studies) could be carried out to verify that the performance requirements for cell search for feICIC are realistic to be met under the agreed assumptions for the Rel-11 baseline receiver. Finally, after the link level studies have been done, RAN4 should decide on the appropriate core requirements for cell search under feICIC assumptions.
Proposal 7: 
Based on the agreed side conditions, RAN4 should agree on a set of simulation assumptions (similar to those agreed in [6]) for feICIC cell search. 
Proposal 8: 
Based on the agreed simulation assumptions, companies will provide link simulation results used for determining the cell search core requirements for feICIC.
4
Conclusion
On the basis of the results and consideration provided in this contribution we propose the following way forward: 
Interference modelling and determining the levels for Rel-11 feICIC cell-search:
Proposal 1: 
RAN4 should agree that the above methodology is used when defining the side conditions for cell search RLM/RRM core requirements for feICIC.
Proposal 2: 
Determine reference Es/IoT as x%-tile of cdf for all pico UEs, where the value of x within [5-15%] is to be agreed upon.
Proposal 3: 
Only dominant macro interferers are considered.
Proposal 4:
Determine typical {(Es/Noc3), (D1/Noc3), (D2/Noc3)} values jointly based on their multivariate distribution.
Interference conditions for Rel-11 feICIC cell-search:
Proposal 5:
Choose Es/Noc=-4.0dB, D1/Noc=+1.50 dB and D2/Noc=-1.30dB as the interference conditions for cell search for feICIC.

Proposal 6: 
Consider modelling a single dominant interferer for cell search requirements given that the 2nd dominant interferer is typically weak. If that is found agreeable, choose Es/Noc=-4.0dB, D1/Noc=+3.35 dB as the interference conditions for cell search for feICIC
Way forward for feICIC cell search core requirements:

Proposal 7: 
Based on the agreed side conditions, RAN4 should agree on a set of simulation assumptions (similar to those agreed in [6]) for feICIC cell search. 
Proposal 8: 
Based on the agreed simulation assumptions, companies will provide link simulation results used for determining the cell search core requirements for feICIC.
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