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1. Introduction
In the previous RAN4 meetings demodulation requirements for eICIC have been discussed. The progress is captured in [1] – [4]. One of the agreements is that initial requirements are defined for one interfering cell only. One of the open issues in the definition of the test cases is the strength of the interfering cell. In this contribution results from system level simulations are provided and the impacts for the link level test cases are discussed.
2. Discussion 

It has been previously agreed that the initial eICIC demodulation test cases are defined for a single interfering cell. One of the topics still under discussion is the definition of the strength of the interfering cell. For one serving and one interfering cell, the resulting SINR at the UE is then given by SINR = Prx,S/(Prx,I + N) = Prx,S/N  / (Prx,I/N + 1). Prx,S and Prx,I are the received powers from the serving cell and interfering cell. N is the background noise power consisting of thermal noise Nth and interference power Noc from other cells that are not included in the test setup. The absolute background noise power is therefore N = Nth + Noc. 
In order to define meaningful values of the interfering cell SNR := Prx,I/N system level results are taken into account. We assume pico cells that are overlaid within a macro cellular network. In such a scenario the strongest interference to a terminal that is connected to a pico cell is coming from the macro layer. Therefore we focus in the system level analysis on the impact of the macro layer. In deriving meaningful values of Prx,I/N we first neglect in the expression N = Nth + Noc the impact of other cells Noc and first only consider SNRth := Prx,I/Nth from the macro layer.  
Since we are interested in the interference from the macro layer, only the homogenous macro layer of the heterogeneous network has been simulated consisting of 57 cells. For the simulations we considered the 3GPP scenario D1 and the ITU scenario UMa defined in [5]. The simulations were conducted for a downtilt of 10 and 15 degrees in case of scenario D1 and 15 degrees for UMa. The thermal noise power density is -174 dBm/Hz and the UE noise figure is 9 dB for scenario D1 and 7 dB for UMa. The Tx power is 46 dBm, the inter site distance is 500m.
Figure 1 shows CDF of the SNRth = Prx,I/Nth for scenarios D1 and UMa, where SNRth denotes the received power of the strongest macro cell including antenna gain and shadow fading over thermal noise power only.  
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Figure 1: SNRth = Prx,I/Nth distribution in macro cell layer
In case of scenario D1 it is seen that the 10%-quantile of the SNRth is about 17 dB for 10 degrees downtilt and 21 dB for a downtilt of 15 degrees. In case of UMa the 10%-quantile of the SNRth is about 28 dB. The 30%-quantiles for scenario D1 are about 24 dB and  27 dB, depending on the downtilt, and about 35 dB for UMa. From these simulations it can be concluded that a UE that is connected to a pico cell is jammed by a single macro cell in many cases at a level that corresponds to a interfering cell SNRth = Prx,I/Nth of 30 dB. 
We note that the additional interference from other cells, subsumed in Noc, has been neglected so far. In most of the cases of real deployments, however, Noc cannot be neglected since additional interfering cells are present. However, it should be pointed out that in scenarios with a dominant interferer only, the interfering cell SNR values shown in Figure 1 are realistic. 

Since Noc cannot be neglected in many realistic deployments, its impact should also be captured in the demodulation requirements, which means that the interfering cell SNR values shown in Figure 1 should be reduced. Taking Noc into account the SNR from the interfering cells becomes
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where Prx,I is the strongest interferer as above and Noc subsumes all additional interference power from other cells. The factor by how much the interfering cell SNRth = Prx,I/Nth should be reduced depends on the ratio Noc/Nth. 
In [5] Noc of -98 dBm/15kHz is typically be assumed. The thermal noise floor is -174 dBm/Hz = -132 dBm/15kHz. Assuming a typical UE noise figure of 9 dB, the ratio Noc/Nth becomes 25 dB as the standard assumption in [5]. However, Noc/Nth = 25 dB seems unrealistically high in real deployments. If we assume a interfering cell SNRth = Prx,I/Nth 30 dB of a single dominant interferer as a reference, Figure 2 shows how Noc/Nth reduces the interfering cell SNRth.
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Figure 2: Reduction of dominant interfering cell SNRth = 30 dB
In the demodulation test cases the ratio of Noc to Nth should also be defined. Figure 2 shows that Noc/Nth = 15 dB yields to a Prx,I / (Noc + Nth) = 15 dB assuming Prx,I/Nth = 30 since the Noc is far above the thermal noise. It can be concluded from these considerations that the level of the interfering cell SNR to be chosen primarily depends on the ratio of Noc to Nth. The more dominant the strongest interferer is, the higher the value of the interfering cell SNR should be chosen. If the expected value for Noc/Nth is 15 dB the interfering cell SNR can easily approach 15 dB in realistic deployments.
We therefore propose to include interfering cell SNR levels of up to 15 dB in the definition of the demodulation requirements.
3. Conclusions

From system level simulations it has been shown that the ratio of the received power of the strongest interfering cell over thermal noise can easily be in the order of 30 dB for macro cell jammers. 

Taking further interference power Noc from additional cells into account the interfering cell SNR to be used in the demodulation requirements for eICIC should  be reduced. The value should be chosen depending on the expected ratio Noc/Nth where Noc includes all other interfering cells than the strongest. It has been shown that the more dominant the strongest interferer is, the higher the value of the interfering cell SNR should be chosen. For an expected Noc/Nth of 15 dB the interfering cell SNR can easily approach 15 dB in realistic deployments. We therefore propose to include interfering cell SNR levels of up to 15 dB in the definition of the demodulation requirements. This value takes both thermal noise as well as interference power from other cells into account.
Proposal: Interfering cell SNR = Prx,I/(Noc + Nth) levels of up to 15 dB should be included in the definition of the demodulation requirements.
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