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1
Introduction
RAN4 is now discussing the interfering cell SNR level for Rel-10 eICIC demod test cases. One important aspect to our view is that the serving and interfering cell SNR values selected for the test cases are representative of realistic deployment conditions. Therefore, these values should be selected jointly. Another aspect is that the interference level should be chosen so that it remains coherent with the side conditions on the interference level for cell search as well as RLM/RRM (specified as 1 dB and 5 dB, respectively). 

This contribution analyzes further Rel-10 eICIC interference by means of 2-dimensional (2D) probabilistic analysis following similar methodology as in [1]

 REF _Ref308338524 \r \h 
[2]. Interference modeling in test cases is also discussed. Finally, a proposal is made for the side condition on interference levels to be applied in eICIC demod test cases.
2
Methodology

2.1 
Deployment scenarios
We have conducted an analysis similar to the one described in [1]

 REF _Ref308338524 \r \h 
[2], following the agreed assumptions [3]:
· Configuration 4b(4) (i.e. assuming 4 pico cells per macro node area) with ISD=500 m;

· Cell range extension (CRE) of 6 dB; 
· Inter-layer cell planning, i.e., no CRS collision between macro and pico cells (macro PCIs: mod(PCI,3)=0 or mod(PCI,3)=1; pico PCIs: mod(PCI,3)=2).
· ABS subframes with no PDSCH transmissions are configured at the macro layer only. We further investigate the following options related to ABS pattern usage in the network: 
· All macro cells apply ABS simultaneously, which corresponds to a very uniform network configuration.
· Only the N strongest dominant macro interferers utilize ABS synchronously, N=1,…10, while the rest of the macro network transmits at full load. This means that instead of the full network muting uniformly in a global manner, only the N strongest macro interferer sources are muting simultaneously when considering the interference level.
· Full load full buffer traffic is assumed in non-ABS subframes.
2.2 
Serving cell power, dominant macro interferer power and Noc levels
Different REs are seen to experience different interference levels in ABS subframes because the macro cells are muting except for the CRS transmission [4]. Let us define the following absolute quantities (neglecting thermal noise):
· Es = Serving pico cell signal at absolute power level;
· D = Dominant macro cell interferer at absolute power level;
· Other pico cells (excluding the serving pico cell) in addition to other macro cells (excluding dominant macro cell) 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}).
Let us spell out the Noc quantities for the following subframe configurations:
Figure 1 illustrates the Noc levels 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 (CRS REs only, data REs are muted for these macro cells) in addition to the total power of all other pico cells (Noc1).
· There are two Noc levels in this case: Noc1 and Noc2.
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Figure 1: Interference levels in ABS subframes when all macro cells mute in ABS.

Figure 2 illustrates the Noc levels in ABS subframes when only the dominant macro cell mutes in ABS:
· 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 (all REs) is included since these macros are not muting during the ABS in this case.
· There is only a single Noc level in this case: Noc1=Noc2.
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Figure 2: Interference levels in ABS subframes when only dominant macro cell mutes in ABS.

Figure 3 illustrates the Noc levels 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 (all REs) since these are not muting during the ABS in this case.

· There is only a single Noc level in this case: Noc3=Noc1=Noc2.
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Figure 3: Interference levels in non-ABS subframes.
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 (D/Noc1) (for ABS subframes);
· Pairs of (Es/Noc2) and (D/Noc2) (for ABS subframes);
· Pairs of (Es/Noc3) and (D/Noc3) (for non-ABS subframes).
We consider the two scenarios for ABS usage where either all macro cells apply ABS simultaneously or only the N strongest macro interferers apply ABS simultaneously while the rest of the macro network transmits at full load.   

Based on these data samples, we conduct a 2D probabilistic analysis to evaluate the probability of encountering any given pair of {(Es/Nocj), (D/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=(D/Nocj), j=1,2,3.
· Marginal distribution functions for (Es/Nocj) and (D/Nocj), j=1,2,3.

· Conditional distribution function of (D/Nocj) given (Es/Nocj)=x [dB].
To obtain statistically accurate results, we have used a reasonably large sample set of ~100000 pico UEs dropped to the pico hotspot(s).
3
Results from joint analysis of eICIC interference data
We provide the outcome of the joint probabilistic analysis, focusing on pico UEs under three subframe configurations.
3.1 
Es/Noc1,2 and D/Noc1,2 in ABS subframes – All macro cells mute
Here we provide the interference analysis for ABS subframes, assuming the whole macro network is muting uniformly in a global manner, i.e. all macro cells are muting simultaneously during the considered ABS. For each of the two Noc reference values, the two-dimensional PDF of encountering any given pair of {(Es/Nocj), (D/Nocj)} is shown. Marginal CDFs and conditional CDFs of (D/Nocj) for the median (Es/Nocj) are provided in Annex A1. In summary:

· Taking Noc1 as reference: median Es/Noc1=13.2 dB and median D/Noc1=10.5 dB
· Conditional median D/Noc1 becomes 11.1 dB (conditioned on Es/Noc1=13.2 dB)
· Taking Noc2 as reference: median Es/Noc2=7.3 dB and median D/Noc2=4.7 dB
· Conditional median D/Noc2 becomes 5.3 dB (conditioned on Es/Noc2=7.3 dB)
	[image: image4.emf]x=(Es/Noc1)

y=(D/Noc1)

pdf(x,y)
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Figure 4: 2D PDF for {Es/Noc1, D/Noc1} (all macro cells mute in ABS)
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Figure 5: 2D PDF for {Es/Noc2, D/Noc2} (all macro cells mute in ABS)


3.2 
Es/Noc1,2 and D/Noc1,2 in ABS subframes – Not all macro cells mute
We provide here the interference analysis for ABS subframes, assuming that three dominant macro cell interferers mute simultaneously during the considered ABS. For each of the two Noc reference values, the two-dimensional PDF of encountering any given pair of {(Es/Nocj), (D/Nocj)} is shown. Marginal CDFs and conditional CDFs of (D/Nocj) for the median (Es/Nocj) are provided in Annex A2. Assuming a total of three dominant macro cells muting simultaneously, the following is observed:

· Taking Noc1 as reference: Median Es/Noc1=7.6 dB and median D/Noc1=5.1 dB;
· Conditional median D/Noc1 becomes 6.1 dB (conditioned on Es/Noc1=7.6 dB);
· Taking Noc2 as reference: Median Es/Noc2=5.9 dB and median D/Noc2=3.3 dB;
· Conditional median D/Noc2 becomes 3.9 dB (conditioned on Es/Noc2=5.9 dB).
	[image: image6.emf]x=(Es/Noc1)

y=(D/Noc1)

pdf(x,y)
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Figure 6: 2D PDF for {Es/Noc1, D/Noc1} (three dominant macro cells mute in ABS)
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Figure 7: 2D PDF for {Es/Noc2, D/Noc2} (three dominant macro cells mute in ABS)


As expected, the median D/Nocj values are significantly lower than in the previous case because of the rest of the macro cells are transmitting at full load in ABS. This indicates that significant interference is caused by the large number of less dominant macro interferers (4th most dominant and beyond). We have tabulated median Es/Nocj and D/Nocj values in Table 1 below as a function of the number of N strongest macro cell interferers muting during ABS subframes (N=1 corresponds to the dominant macro cell interferer). 
	Number of macro cells muting in ABS
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Median Es/Noc1 [dB]
	4
	6.3
	7.6
	8.6
	9.3
	9.9
	10.3
	10.7
	11
	11.3

	Median D/Noc1 [dB]
	1.2
	3.7
	5.1
	5.9
	6.6
	7.1
	7.6
	7.9
	8.2
	8.5

	Median Es/Noc2 [dB]
	4
	5.3
	5.9
	6.2
	6.5
	6.6
	6.8
	6.8
	6.9
	7.0

	Median D/Noc2 [dB]
	1.2
	2.7
	3.3
	3.6
	3.8
	4.0
	4.1
	4.2
	4.3
	4.3


Table 1: Median values for Es/Nocj and D/Nocj for a given number of N strongest macro cell interferers muting simultaneously in ABS.

The following can be concluded based on the numbers in Table 1:

· These results confirm that median Es/Nocj and D/Nocj values are well below the ones observed in Section 3.1 when the whole macro network mutes simultaneously in ABS, even for a large number of muted macro cells.

· The rate of growth of Es/Nocj and D/Nocj as N increases tends to saturate as N becomes larger than 3, meaning that it would require very large number of macro cells muting simultaneously in ABS to reach median Es/Nocj and D/Nocj levels in Section 3.1
3.3 
Es/Noc3 and D/Noc3 in non-ABS subframes

We now provide the interference analysis for non-ABS subframes, assuming that all macro and pico cells transmit at full load. The Noc level is here defined as Noc3 for all REs. The two-dimensional PDF is shown in the following figure, and the marginal distribution CDFs as well as conditional distribution CDFs of (D/Nocj) for the median (Es/Noc1) are shown in Annex A3. The following is observed:

· Median Es/Noc3=4.0 dB and median D/Noc3=1.2 dB;
· Conditional median D/Noc3 becomes 1.75 dB (conditioned on Es/Noc3=4.0 dB).
As expected, median D/Nocj values are significantly lower than in previous cases because all the other macro and pico cells are transmitting at full load in non-ABS subframes. In other words, the dominant macro cell interferer is a significantly “less dominant” interferer when ABS are not being used.
	[image: image8.emf]x=(Es/Noc3)

y=(D/Noc3)

pdf(x,y)
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Figure 8: 2D PDF for {Es/Noc3, D/Noc3}


4
Interference modelling in test cases
The system model which has been used by RAN4 leads to two different interferer levels in ABS subframes, under the assumption that several non-dominant macro cells mute simultaneously. Since non-dominant interference is typically modelled as AWGN for demodulation tests, if this was implemented directly in a tester it would lead to a test environment similar to the simulation model in [4] which is reproduced below in Figure 9. 
We note that if RAN4 is to introduce the concept of Noc1 and Noc2 in the test system modelling of non-dominant interference this will introduce a requirement on test systems to vary the noise power level at different OFDM symbol locations, which in turn means that the AWGN generator is operating synchronously with the serving and interfering cell signals, so that the AWGN power can be switched at the appropriate point.

Since this is likely to complicate the test environment compared with Release 8/9 testing where non-dominant interference is modelled with a constant (AWGN) noise source, we think it would be important for RAN4 to consider to what extent intra-subframe interference level changes are necessary to test the demodulation performance of the baseline receiver under a dominant interferer. As simplifications of the test environment are clearly desirable where they do not impact the test purpose, we would propose that only a single noise level is used in eICIC demodulation test case, since this would be an opportunity to simplify and to avoid modelling artifacts which are not critical to the test coverage. In other words, system simulations provide guidance on to how to perform the receiver testing (i.e. at given average interference level) rather than an environment which needs to be emulated absolutely to the last detail in the final testing.
Analogously, in a practical Release 8/9 network operation, a UE may also experience a mixture of loaded and unloaded neighbour cell interference (e.g. partially loaded network with CRS-only transmissions from some cells), but in Release 8/9 it was still felt sufficient to test the baseline receiver with a single fixed power level AWGN source. Since the dominant interferer is already modelled separately from other interference sources, we would propose a similar approach for eICIC demod testing in Release 10.
We conclude that it is preferred to model other cells interference (+thermal) as a single Noc level driving an AWGN noise source affecting all REs throughout the subframe with equal average power. The proposed test model is shown in Figure 10. 
We also propose to derive the single Noc level based on a weighted average of Noc1 and Noc2 as follows:

· We define a single “effective” Noc level:
· Noc [dB] = 2/3∙Noc1 [dB] + 1/3∙Noc2 [dB], i.e. 10log10(Noc) =  2/3∙10log10(Noc1) + 1/3∙10log10(Noc2)

· This leads us to the following definitions of Es/Noc and D/Noc:

· Es/Noc = 2/3∙10log10(Es/Noc1) + 1/3∙10log10(Es/Noc2)

· D/Noc = 2/3∙10log10(D/Noc1) + 1/3∙10log10(D/Noc2)
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Figure 9: eICIC simulation model proposed in [4]
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Figure 10: Proposed eICIC testing model
5
Discussion
Based on the results throughout Sections 3.1-3.3 and testing considerations in Section 4, we now discuss interference levels and modelling as a whole. Overall, we share the view that the entire macro network muting simultaneously in ABS is not realistic assumption because of the following:
1. For the Hetnet macro-pico case, X2 signalling has been defined to facilitate for the local optimisation of ABS patterns in a dynamic manner. Hence, it is unrealistic to assume global, uniform muting of the macro network would be used in a typical case.

2. The uniform, global network muting assumption leads to over-dimensioning the requirements for extreme worst case D/Nocj levels. Such uniform, simultaneous macro muting in ABS likely corresponds to extremely dense pico deployments which are not typical of those envisioned for Release 10 eICIC. 
3. Referring to the ABS subframe definition itself in TS36.300 [6] (Section 16.1.5) which states that “Almost blank subframes are subframes with reduced transmit power (including no transmission) on some physical channels and/or reduced activity. The eNB ensures backwards compatibility towards UEs by transmitting necessary control channels and physical signals as well as System Information”, we note that:
· In reality, control channel and SIB transmissions will take place in the network, and it thus quite likely that during a given ABS instance in the dominant macro cell, multiple cells transmit information in ABS even if the whole macro network would apply ABS simultaneously. 
4. The macro network is not restricted in any manner related to the use of its own resources, since ABS are subframe with reduced transmit power (including no transmission) in the above definition. In reference [7] is it concluded that:
· “PDSCH transmissions in ABS improves the system performance significantly in comparison with no PDSCH transmission in ABS”, which clearly motivates the use of reduced power ABS, and thereby leads to non-zero ABS interference towards pico UEs. 
5. In reference [7] it is also observed that:

· “Superior “HetNet” system performance gains are achieved by reducing the macro output power, as indicated from the results with no ABS and 1W macros”, in other words the considered macro-pico scenario is better served by picos only, which practically eliminates completely macro interference (including CRS).
6. The case of macro cells not making use of ABS simultaneously is regularly advocated in RAN1 discussions (see e.g. [8]) for finite buffer traffic.
Above items 1-6 clearly demonstrate that the assumption of the whole macro network muting simultaneously is overly pessimistic because in practical deployments traffic and thus non-zero power is expected from other macro cells in ABS subframes for a given pico UE. Provided results with limited fraction of dominant macro cell interferers hence give a more realistic view of Es/Nocj and D/Nocj levels to be expected in practice. 
To conclude, we propose the following way forward based on the provided results and testing considerations:
· Interference modelling:
· To simplify the test environment, it is proposed to use a single AWGN source in the test driven by one Noc level based on weighted averages of Noc1 and Noc2 seen in system simulations.
· Interference levels:

· In ABS subframes: 
· D/Noc ~4.5 dB, based on the median weighted average of D/Noc1 and D/Noc2 for N=3.
· In non-ABS subframes: 
· D/Noc ~1.5 dB.
6
Conclusion
On the basis of the results and consideration provided in this contribution, we propose the following way forward on interference modelling and levels for Rel-10 eICIC demodulation tests:

· Interference modelling:

· To simplify the test environment, it is proposed to use a single AWGN source in the test driven by one Noc level based on weighted averages of Noc1 and Noc2 seen in system simulations.
· Interference levels:

· In ABS subframes: 
· D/Noc ~4.5 dB, based on the median weighted average of D/Noc1 and D/Noc2 for N=3.

· In non-ABS subframes: 
· D/Noc ~1.5 dB.
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A1 
Es/Noc1,2 and D/Noc1,2 in ABS subframes – all macro cells mute
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Figure 11: Marginal cdf for Es/Noc1 (all macros mute)
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Figure 12: Marginal cdf for Es/Noc2 (all macros mute)
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Figure 13: Marginal cdf for D/Noc1 (all macros mute)
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Figure 14: Marginal cdf for D/Noc2 (all macros mute)
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Figure 15: Conditional cdf for D/Noc1 conditioned Es/Noc1=13.2 dB (all macros mute)
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Figure 16: Conditional cdf for D/Noc2 conditioned Es/Noc2=7.3 dB (all macros mute)


A2 
Es/Noc1,2 and D/Noc1,2 in ABS subframes – not all macro cells mute
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Figure 17: Marginal cdf for Es/Noc1 (three dominant macros mute)
	[image: image18.emf]-10 -5 0 5 10 15 20 25 30

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Es/Noc2

cdf

Es/Noc2 distribution

 

 

Es/Noc2 cdf


Figure 18: Marginal cdf for Es/Noc2 (three dominant macros mute)
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Figure 19: Marginal cdf for D/Noc1 (three dominant macros mute)
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Figure 20: Marginal cdf for D/Noc2 (three dominant macros mute)
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Figure 21: Conditional cdf for D/Noc1 conditioned Es/Noc1=7.6 dB (three dominant macros mute)
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Figure 22: Conditional cdf for D/Noc2 conditioned Es/Noc1=5.9 dB (three dominant macros mute)


A3 
Es/Noc3 and D/Noc3 in non-ABS subframes
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Figure 23: Marginal cdf for Es/Noc3
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Figure 24: Marginal cdf for D/Noc3
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Figure 25: Conditional cdf for D/Noc3 conditioned Es/Noc1=4 dB
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