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1
Introduction
During RAN4#62bis, system level simulation assumptions for Rel-11 intra-frequency feICIC studies were agreed in [1]. Upcoming system level studies primarily aim at:
1. Obtain 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.

Point 1 mainly relates to finding side conditions for critical 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 but at the same time keep UE implementation complexity at reasonable level. It should also be kept in mind that ultimately RAN4 requirements do not need to emulate all aspects of field conditions, and in the end it is sufficient to have requirements which can differentiate good and bad implementation. 
This contribution provides preliminary system level simulation data as well as analysis of Rel-11 feICIC interference conditions, following similar methodology as for Rel-10 eICIC in reference [2]. Provided results assume zero-power ABS and low power ABS is not considered.
2
Methodology

2.1 
Deployment scenarios
We have conducted an analysis similar to the one described in [2], following the agreed assumptions [1]. In particular:
· Configuration 4b(4) (i.e. assuming 4 pico cells per macro node area) with ISD=500 m;

· Cell range extension (CRE) of 9 dB; 
· PCI assignment:
· Planned Macro cell PCIs with reuse-3 per macro site (baseline);

· Random PCIs for pico cells (baseline).

· ABS subframes with no PDSCH transmissions are configured at the macro layer only. All macro cells apply ABS simultaneously.
· Full load full buffer traffic is assumed in non-ABS subframes.

· Maximum eNodeB transmit power: Macro: 46dBm, Pico: 24dBm.

· Number of CRS antenna ports: 2 CRS antenna ports per cell.

· Path loss model:

· Model 1 (baseline);

· Model 2 (see [1]).

Other parameters are as specified in [1].

2.2 
Serving cell power, dominant macro interferer powers and Noc levels
Similarly to Rel-10 eICIC, different REs are seen to experience different interference levels in ABS subframes because the macro cells are muting except for the CRS transmission. Let us define the following absolute quantities (neglecting thermal noise):
· Es = Serving pico cell signal at absolute power level;
· DN = N-th dominant macro cell interferer at absolute power level, N=1,2;
· Other pico cells (excluding the serving pico cell) in addition to other macro cells (excluding N dominant macro cells) with Nocj total absolute powers:
· Noc1 = total absolute power level in non-CRS symbols (i.e. OFDM symbols {1 2 3 5 6 8 9 10 12 13});
· Noc2 = total absolute power level in CRS symbols (i.e. OFDM symbols {0 4 7 11}).
As shown in reference [2], depending on whether all macro cells mute simultaneously in ABS or not, Noc1≠Noc2 or Noc1=Noc2, respectively.  
In ABS subframes, when all macro cells in the network mute simultaneously:
· Noc1 equals the total interfering power from all other pico cells (all REs);
· Noc2 equals the other interfering macros’ CRS power excluding N dominant macro cells (CRS REs only, data REs are muted for these macro cells) in addition to the total power of all other pico cells (Noc1). 
In non-ABS subframes:
· Noc1 and Noc2 are both equal to the total interfering power of all other pico cells (all REs), and in addition, all other interfering macros’ power excluding N dominant macro cells. All REs are impacted since all these cells are not muting and are assumed to transmit at full load (non-ABS subframes). There is only a single Noc level in this case: Noc3=Noc1=Noc2.
2.3 
Statistics to be logged & analysis
For each UE drop, we log the following quantities according to the Noc level chosen as reference:

· Pairs of (Es/Noc1) and (DN/Noc1) (for ABS subframes), N={1,2};
· Pairs of (Es/Noc2) and (DN/Noc2) (for ABS subframes), N={1,2};
· Pairs of (Es/Noc3) and (DN/Noc3) (for non-ABS subframes), N={1,2}.
Based on these data samples, we conduct a 2D probabilistic analysis to evaluate the probability of encountering any given pair of {(Es/Nocj), (DN/Nocj)} values in the considered deployment scenario, with j=1,2,3. The following statistical tools are used in the analysis of these eICIC interference results:

· The joint probability density distribution function, denoted with p(x,y) with x=(Es/Nocj) and y=(DN/Nocj), j=1,2,3.
· Marginal distribution functions for (Es/Nocj) and (DN/Nocj), j=1,2,3.

To obtain statistically accurate results, we have used a reasonably large sample set of ~70000 pico UEs dropped to the pico hotspot(s).
3
Analysis of Es/IoT levels
In this section, we analyse Es/IoT levels for all pico UEs and provide corresponding cumulative distribution functions (cdf) for agreed simulation parameters. Es/IoT values corresponding to {5, 25, 50, 90}-th fractiles of the cdfs are highlighted on each plot. Results are provided for both pathloss models considered in [1]. We further distinguish:
· Es/IoT in non-ABS subframes, which applies to both CRS and data REs;

· Es/IoT in ABS subframes in CRS symbols over serving (pico) cell CRS subcarriers.
For each of the above categories of Es/IoT cdfs, we identify the target physical channels and extract Es/IoT values corresponding to the relevant fractiles.
3.1 
Es/IoT in non-ABS subframes (CRS & data REs)
Figures in this subsection depict Es/IoT cdfs in non-ABS subframes over CRS and data REs. Results for both 6dB and 9 dB CRE are provided
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Figure 1: Es/IoT in non-ABS subframes (CRS & data REs), all pico UEs – Path loss Model 1 – 6dB CRE
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Figure 2: Es/IoT in non-ABS subframes (CRS & data REs), all pico UEs – Path loss Model 2 – 6dB CRE
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Figure 3: Es/IoT in non-ABS subframes (CRS & data REs), all pico UEs – Path loss Model 1 – 9dB CRE
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Figure 4: Es/IoT in non-ABS subframes (CRS & data REs), all pico UEs – Path loss Model 2 – 9dB CRE


Input for:

· Side condition for cell-search (PSS/SSS) since no subframe shifting is assumed;

· Side condition for PBCH reception since no subframe shifting is assumed.

Observations: 
· 5th percentile of Es/IoT cdf in non-ABS subframes is tabulated below:
Table 1: 5th percentile of Es/IoT cdf in non-ABS subframes
	
	Path loss Model 1
	Path loss Model 2

	CRE=6dB
	-7.9dB
	-6.6dB

	CRE=9dB
	-10.4dB
	-9.1dB


3.2
Es/IoT in ABS subframes (CRS symbols, CRS subcarriers)
Figures in this subsection depict Es/IoT cdf in ABS subframes over serving cell CRS subcarriers, which interference conditions affect quantities measured over CRS (e.g. RSRP, RLM, CSI). Three sets of results are provided: 
1)  Distribution over all drops of pico hotspots, which means that serving cell CRS subcarrier Es/IoTs are averaged over occurences of colliding/non-colliding CRS between the serving pico station and 1st dominant interferer.
2)  Distribution over drops of pico hotspots for which the serving pico cell CRS collide with the 1st dominant interferer CRS.
3)  Distribution over drops of pico hotspots for which the serving pico cell CRS do not collide with the 1st dominant interferer CRS.
Above differentiation allows in gaining insight on both colliding and non-colliding CRS cases.

Input for:

· Insight on suitable Es/IoT target region(s) to find out (e.g. via the analysis of Noc levels):

· Side conditions on signal and interferer(s) levels for RRM performance requirements (e.g. serving cell RSRP accuracy) for both colliding and non-colliding CRS cases.
· Side conditions on signal and interferer(s) levels for RLM performance requirements for both colliding and non-colliding CRS cases.
Observations: 

· When all drops of pico hotspots are considered: 5th percentile of Es/IoT distribution in ABS subframes in CRS symbols over serving cell CRS subcarriers is at -7.6dB for path loss model 1 and -6.4dB for path loss model 2.
· For drops with colliding CRS only lower Es/IoTs are observed as expected: 5th percentile of Es/IoT distribution in ABS subframes in CRS symbols over serving cell CRS subcarriers is at -8.7dB for path loss model 1 and -8.1dB for path loss model 2.

· For drops with non-colliding CRS only higher Es/IoTs are observed as expected: 5th percentile of Es/IoT distribution in ABS subframes in CRS symbols over serving cell CRS subcarriers is at -5dB for path loss model 1 and -2.3dB for path loss model 2.
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Figure 5: Es/IoT in ABS subframes (over all pico drops), all pico UEs – Pathloss Model 1.
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Figure 6: Es/IoT in ABS subframes (over all pico drops), all pico UEs – Pathloss Model 2.
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Figure 7: Es/IoT in ABS subframes (pico drops with colliding CRS), all pico UEs – Pathloss Model 1.
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Figure 8: Es/IoT in ABS subframes (pico drops with colliding CRS), all pico UEs – Pathloss Model 2.
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Figure 9: Es/IoT in ABS subframes (pico drops with non-colliding CRS), all pico UEs – Pathloss Model 1.
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Figure 10: Es/IoT in ABS subframes (pico drops with non-colliding CRS), all pico UEs – Pathloss Model 2.


4
Analysis of Noc levels

In the following sub-sections, we analyse signal and interference power of all pico UEs against Noc1, Noc2, Noc3 levels defined in Section 2.2. It is assumed that the whole macro network mutes uniformly in a global manner, i.e. all macro cells are muting simultaneously during the considered ABS. Pathloss model 1 is considered. The analysis is made for N=2 dominant macro interfering cells, since as discussed in Section 5, the results show overall the presence of 1 to 2 dominant interferers. For each of the Noc j=1,2.3 reference values, marginal CDFs of Es/Nocj, D1/Nocj, D2/Nocj are provided as well as the two-dimensional PDF of encountering any given pair of {(Es/Nocj), (Dn/Nocj)}, n={1,2}. We summarize below observed median values in results reported in sub-sections 4.1-4.3:
Table 2: Median Es/Nocj, D1/Nocj, D2/Nocj values [dB]
	                     Median value     

Nocj reference
	Median Es/Nocj
	Median D1/Nocj
	Median D2/Nocj

	Noc1
	+12.1 dB
	+11.7 dB
	+4.3 dB

	Noc2
	+7.9 dB
	+7.6 dB
	+0.5 dB

	Noc3
	+5 dB
	+4.6 dB
	-2.7 dB


It is observed that above median D1/Noc1, D1/Noc2 and D1/Noc3 for 9dB CRE are ~1.7dB higher compared to agreed values in Rel-10 under 6dB CRE (i.e. D1/Noc1=10dB, D1/Noc2=6dB, D1/Noc3=2.8dB).
These results may be further complemented by conditional analysis similarly to what was done in Rel-10 eICIC timeframe.
4.1
ABS subframes – Signal and interference power vs. Noc1
We provide here the interference analysis for ABS subframes taking Noc1 as reference. Results hence depict interference conditions in non-CRS symbols of the ABS subframe.
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Figure 11: Marginal cdf for Es/Noc1.
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Figure 12: Marginal cdf for D1/Noc1.
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Figure 13: Marginal cdf for D2/Noc1.
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Figure 14: 2D PDF for {Es/Noc1, D1/Noc1}.
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Figure 15: 2D PDF for {Es/Noc1, D2/Noc1}.


4.2
ABS subframes – Signal and interference power vs. Noc2
We provide here the interference analysis for ABS subframes taking Noc2 as reference. Results hence depict interference conditions in CRS symbols of the ABS subframe.
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Figure 16: Marginal cdf for Es/Noc2.
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Figure 17: Marginal cdf for D1/Noc2.
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Figure 18: Marginal cdf for D2/Noc2.
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Figure 19: 2D PDF for {Es/Noc2, D1/Noc2}.
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Figure 20: 2D PDF for {Es/Noc2, D2/Noc2}.


4.3
Non-ABS subframes – Signal and interfererence power vs. Noc3
We provide here the interference analysis for non-ABS subframes taking Noc3 as reference. Results depict interference conditions (apply to all REs) in non-ABS subframes under full load interference from all macro and pico cells.
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Figure 21: Marginal cdf for Es/Noc3.
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Figure 22: Marginal cdf for D1/Noc3.
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Figure 23: Marginal cdf for D2/Noc3.
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Figure 24: 2D PDF for {Es/Noc3, D1/Noc3}.
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Figure 25: 2D PDF for {Es/Noc3, D2/Noc3}.


5
Number of interfering cells
In this section, we determine how many interferers are effectively present in Rel-11 feICIC assuming 9 dB CRE. The methodology is as follows:

1. We first inspect the power ratio between the 1st and 2nd strongest macro cell interferers. Results are in line with the ones presented in reference [3] and indicate that 20% of the time this power difference is less than 2.2dB.
2. We investigate the distribution of the above power against pico cell SNR in ABS by looking at the 2D pdf of {Es/Noc1, D1/D2}: power differences within ~2dB are seen to occur evenly across wide range of pico cell SNRs.
3. Median values of D1/Noc1= +11.7dB, D2/Noc1= +4.3dB (D2/Noc2= +7.6dB and D1/Noc2= +0.5dB) found in Section 4 suggest that there are up to two dominant interferers in ABS subframes. More analysis is needed to determine which category of UEs (e.g. CRE, non-CRE) experience mostly 1 or 2 interferers.
4. Median values of D1/Noc3= +4.6dB and D1/Noc3= -2.7dB demonstrate that there is mostly one dominant interferer in non-ABS subframes. The reason is a higher noise floor (Noc3 level) resulting from full buffer interference from all macro and pico cells.
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Figure 26: Ratio of 1st and 2nd dominant macro interferer power [dB].
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Figure 27: 2D PDF of {Es/Noc1, D1/D2}.


6
PCI collision probabilities
Agreed simulation assumptions [1] specify planned random macro cell PCI and random pico cell PCI allocation as baseline scenario. We investigated PCI collision probabilities under these assumptions. Results are depicted in the figure below and not surprisingly indicate that over all drops of pico hotspots, a PCI collision between the serving pico cell and the strongest dominant macro interferer happens 1/3 of the time. However, the occurrence of a PCI collision between all three considered cells (i.e. serving pico cell, 1st strongest and 2nd strongest macro interferers) is very unlikely (0.7% probability). This is due to the fact that the macro network is well-planned and the PCIs of the two dominant macro interferers collide very rarely.
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Figure 28: PCI collision probabilities.


7
Discussion
In this section, we discuss previously presented results and list a preliminary set of proposals. Overall, we feel that RAN4 should work as a first step on the interference levels for core requirements (cell search) as well as for RRM/RLM requirements, and address interference conditions for CSI/demodulation test cases in a second stage:

Proposal 1: 
In a first stage, interference levels for RRM/RLM/cell search test cases and requirements are determined.

Proposal 2: 
In a second stage, interference levels for demod/CSI test cases and requirements determined.

In Rel-10, cell search discussions started at the same time as RRM/RLM side conditions were discussed. Based on simulation results, RAN4 decided to use -4dB SNR as the measured cell level (first in square brackets, but the value was later agreed to be the specified one). For RRM/RLM, the interferer cell side condition was set to 5dB SNR, whereas for cell search the interferer cell side condition was eventually agreed to be 1dB SNR. The typical interference analysis only came later (in the form as we present it in this document). However, considering that the interference analysis is now available, we may first double-check how well the values used in Rel-10 match the ones provided in Section 4.1: 5th percentile of Es/IoT in non-ABS is found between -6.6dB and -7.9dB depending on the assumed pathloss model, which shows that Rel-10 core requirements for cell search at around -7.5dB (-4dB serving cell and 5dB interferer SNRs) were a reasonable choice. 
We may use as well interference analysis in this contribution for investigating the side conditions for Rel-11 feICIC cell search: Looking at the results in Section 3.1 (Es/IoT in non-ABS subframes), we can see that the 5%ile point is around -10dB for pathloss model 1 and around -9dB for pathloss model 2. Neither model 1 nor model 2 are 100% aligned with the RAN1 simulation assumptions, so our view would be to use -9 dB as the baseline for the minimum performance requirements, and further evaluations could be done. This corresponds roughly to 3dB interfering cell SNR compared to the 1dB interfering cell SNR in Rel-10 eICIC. We highlight the fact that 5th-15th percentile of Es/IoT cdf for all pico UEs typically depicts cell edge conditions. If one considers instead the subset of CRE pico UEs, cell edge conditions translate to higher fractiles of the corresponding Es/IoT cdf.
However, given the extensive work done in Rel-10, it would be good to first revisit the assumptions for cell search: what is assumed of the receiver, what kind of interference levels are considered, and what is the measured cell level? Where possible, it would also be good to align with the Rel-10 assumptions. The Rel-10 cell search conditions were evaluated based on Rel-8 receiver: no tuning or impact from interference cancellation was assumed, and no ABS was assumed for protection of PSS/SSS. The analysis concentrated on evaluating interferer levels from 1-5 dB. Given that it was agreed in [4] to jointly consider receivers with and without IC, it would be good to understand what would be the limits of cell search also without interference cancellation.
Proposal 3: 
Cell search side conditions should be further evaluated via link level simulations under different receiver assumptions. 

Proposal 4: 
RAN4 should discuss the parameters for cell search evaluations (e.g. measured cell level, interering cell level) for next meeting.
For RRM measurement requirements, the decision on the side condition was done before anything else. Looking at the figures in Section 3.3, we see that even for colliding CRS case, the 5%ile of Es/Iot during ABS subframes is always less than -9dB. This roughly corresponds to a 3dB interferer, in contrast to the 5dB interferer in Rel-10 requirements. Hence, the Rel-10 requirements seem already very tight considering these conditions, so it seems that the Rel-10 requirements could be sufficient also for Rel-11. This would also save effort in RAN4 since any new simulations would likely lead to the same results in terms of RSRP/RSRQ accuracy.
Proposal 5: 
RRM/RLM measurement requirement side conditions do not need to be changed compared to Rel-10 (Measured cell SNR = -4dB, interfering cell SNR = 5dB).
Preliminary results were then shown in terms of signal and interfererence power vs. Noc levels. It was observed that median D1/Noc1, D1/Noc2 and D1/Noc3 for 9dB CRE are ~1.7dB higher compared to agreed values in Rel-10 under 6dB CRE. These results may be further complemented by conditional analysis similarly to what was done during Rel-10 eICIC timeframe. As stated above, the group may first gain understanding on interference levels for cell search/RRM/RLM while meanwhile conduct/refine investigations on Noc levels for demodulation and CSI requirements.
On the number of interfering cells, recalling the analysis in Section 5 showing mostly 1 dominant interferer in non-ABS subframes (or under full load interference in general), and 1-2 dominant interferers in ABS subframes. We feel however that more analysis is needed to determine which category of UEs (e.g. CRE, non-CRE) experience mostly 1 or 2 interferers when targeting demodulation/CSI requirements under ABS interference. We thus propose that:
Proposal 6: 
Test cases for cell search shall assume a single explicitly modelled interfering cell.
Proposal 7: 
Test cases for RRM/RLM measurements shall assume up to two explicitly modelled interfering cells.
Proposal 8: 
More studies are needed to determine the number of interferers to be considered in ABS subframes for demodulation/CSI requirements.
On the number of CRS ports per cell, a vast majority of use cases and deployments of eICIC/feICIC are believed to consist of two antenna port deployments. No operator input was provided to date on potential use cases with four CRS antenna ports per cell. Therefore, we propose:
Proposal 9: 
Test cases for feICIC shall assume 2 CRS ports per cell for each of the explicitly modelled cells. 
On PCI collisions, naturally the worst case of colliding PCIs between serving pico cell and 1st dominant macro cell interferer needs to be addressed in Rel-11 timeframe. However, under the baseline assumption of a planned macro network, the probability of a PCI collision between all three considered cells (i.e. serving pico cell, 1st and 2nd dominant macro interferers) was seen to be very low. Thus we propose the following “worst case” scenario to be considered:
Proposal 10: 
Consider a worst case scenario in terms of PCI collision where the serving cell CRS collides with the 1st dominant interferer while CRS of the 2nd dominant interfering cell does not collide with the latter two cells’ CRS.
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Conclusion
On the basis of the results and consideration provided in this contribution, we propose the following proposals as way forward on interference modelling and levels for Rel-11 feICIC:
Proposal 1: 
In a first stage, interference levels for RRM/RLM/cell search test cases and requirements are determined.
Proposal 2: 
In a second stage, interference levels for demod/CSI test cases and requirements determined.
Proposal 3: 
Cell search side conditions should be further evaluated via link level simulations under different receiver assumptions. 
Proposal 4: 
RAN4 should discuss the parameters for cell search evaluations (e.g. measured cell level, interering cell level)for next meeting.
Proposal 5: 
RRM/RLM measurement requirement side conditions do not need to be changed compared to Rel-10 (Measured cell SNR = -4dB, interfering cell SNR = 5dB).
Proposal 6: 
Test cases for cell search shall assume a single explicitly modelled interfering cell.
Proposal 7: 
Test cases for RRM/RLM measurements shall assume up to two explicitly modelled interfering cells.
Proposal 8: 
More studies are needed to determine the number of interferers to be considered in ABS subframes for demodulation/CSI requirements.
Proposal 9: 
Test cases for feICIC shall assume 2 CRS ports per cell for each of the explicitly modelled cells.
Proposal 10: 
Consider a worst case scenario in terms of PCI collision where the serving cell CRS collides with the 1st dominant interferer while CRS of the 2nd dominant interfering cell does not collide with the latter two cells’ CRS.
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