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1. Introduction
One of the major outstanding issues in defining the eICIC demodulation test cases is the interfering level of a single interfering cell. In the last meeting various discussions on the interference level took place and proposals for interference models applying one or two noise sources have been made, since it has been observed that multiple interference levels occur in a ABS subframe.
In [1] system level simulations have been presented to identify the correct interference levels. It was shown that a interference model with one noise source or one explicitly modelled interferer is not able to model the interference level in a ABS subframe correctly.

In this contribution we provide alternatives how to define the interference model including the setting of the interference level taking the results from [1] into account.  
2. Discussion
It has been observed in [2] and confirmed in [1] that data and CRS resource elements in a ABS subframe suffer from different interference levels. Under the assumption that all macro cells apply the same ABS pattern and pico cells do not apply ABS, OFDM symbols #0, #4, #7, #11 in a ABS subframe suffer from a higher interference than the other OFDM symbols of the same subframe. This impacts in particular the CRS that are transmitted in OFDM symbols #0, #4, #7, #11.

Hence, the channel estimation even for non-colliding RS operates at a different SINR than most of the data symbols of a PDSCH experience in a ABS subframe. The raises the questions how to define the interference model in eICIC for demodulation and CSI reporting test cases since the effective SINR for channel estimation and decoding is different in a ABS subframe. 

This is a difficulty that does not exist in the definition of RLM/RRM test cases for eICIC, since in those tests only the interference at the CRS REs is of interest. Therefore, it is not reasonable to simply apply the same interference level as have been used in RLM/RRM since this would incorrectly model the true interference situation in a ABS subframe.
In [1] the following definitions of noise levels have been used for ABS subframes:

· Noc1: Noc1 is the noise power density of the interference of all other pico cells in all OFDM symbols.
· Noc2: Noc2 is the noise power density of the interference of all other pico cells plus the interference generated by CRS transmission of all non-dominant macro cells.
Since the pico cell interference is present both in Noc1 and Noc2, a noise power density Noc2,( can be defined as Noc2,( = Noc2 – Noc1 that models the CRS interference of all non-dominant macro cells. The values of Noc1 and Noc2 have been provided in [1] and can be used to derive Noc2,(. This leads to the first alternative how the different interference level can be modeled.

Alternative 1: Define two independent frequency-flat noise sources represented by their noise power densities Noc1 and Noc2,( = Noc2 – Noc1. Apply the realizations of noise source Noc1 to the subcarriers of all OFDM symbols and the realizations of noise source Noc2,( in addition to all subcarriers of OFDM symbols #0, #4, #7, #11. The values of Noc1 and Noc2,( can be derived from [1] and similar contributions expected from other companies.
This alternative requires that two independent noise sources are introduced. Although both noise sources are frequency-flat over the entire bandwidth it might be difficult to implement this alternative in the test equipment. 
Another alternative is not to apply two independent noise sources but a second interferer that represents the CRS interference of all non-dominant macro cells in OFDM symbols #0, #4, #7, #11. In [1] it was shown that the 50%-tile of the conditional CDFs for ES,I1/Noc1 and ES,I1/Noc2 is 12 dB and 8 dB, respectively, for UEs operating in the CRE region and assuming 6 dB bias. ES,I1 denotes the dominant macro interferer.
Similar as in alternative 1, Noc2 can be written as Noc2 = Noc1 + ES,I2, where ES,I2 models the CRS interference by all non-dominant macro cells. ES,I2 is the received EPRE of the second interferer. Based on the above values, the interference of the second interferer can be derived as:
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lin(() denotes conversion to linear and dB(() denotes conversion to dB.

This leads to alternative 2 how to model the interference in ABS subframes:

Alternative 2: Define a frequency-flat noise source represented by its noise power densities Noc1 and a second interfering cell represented by its EPRE ES,I2. Apply the realizations of noise source Noc1 to the subcarriers of all OFDM symbols and the interference given by ES,I2 in addition to all subcarriers of OFDM symbols #0, #4, #7, #11. Based on the simulations of [1], ES,I2/Noc1 is in the order of 1.8 dB.
Note that in this alternative the ES,I1/Noc1 of the first interfering cell is 12 dB and the ES,I2/Noc1 of the second interferer is about 1.8 dB.
This alternative requires that a second interferer is introduced. Whether this second interferer needs to be modeled as a true cell or can be set up by other means applying OCNG is for further discussion with the TE vendors.

These two alternatives allow approximating the true interference situation in a ABS subframe. However, both approaches add more complexity to the test setup. This poses another question whether it is needed to model the interference scenario in a ABS subframe fully correctly. 
Rather than modeling interference exactly, the aim of the demodulation and CSI reporting tests is to verify correct receiver operation and performance. For example, it should be verified by the demodulation test that no averaging across ABS and non-ABS subframes in the receiver algorithms is applied. Correct averaging can be verified if the difference in interference between ABS and non-ABS, is large enough. This means that ES,I1/Noc1 should be set to a sufficiently large value. 

Another goal of demodulation test is to verify the impact of CRS interference on demodulation performance. This impact consists of CRS interference from all non-dominant macro cells and CRS interference from the dominant macro cell. With a single noise source and a single interfering cell only one of these two interferences can be correctly modeled, but not both simultaneously. 

If ES,I1/Noc1 is set to the correct value of about 12 dB, the impact of CRS interference of the dominant macro is correctly captured in ABS subframes. The impact of the CRS interference from non-dominant macros in ABS subframes is then not correctly modeled. Since this additional interference is only in the order of 1.8 dB (according to the simulation results of [1]) its impact may not be strong and therefore be negligible.
Alternatively, the CRS interference from all non-dominant macro cells can be modeled correctly with a single noise source and a single interfering cell by setting ES,I1/Noc1 to 1.8 dB (according to the simulation results of [1]). But this neglects the dominant interferer that is 12 dB above background noise. This seems not a good approach to verify the impact of CRS interference on demodulation performance. Setting ES,I1/Noc1 to a low value is therefore not a way forward.
Based on these arguments we see the following third alternative to model the interference:

Alternative 3: Continue the way forward with a single noise source and a single interfering cell. The noise source models the interference by other pico cells and the single interfering cell models the CRS interference in ABS subframes and the interference in non-ABS subframes from the dominant macro cell. The interference level of this single interfering cell should be set large enough. Based on the simulations in [1], ES,I1/Noc1 = 12 dB seems a reasonable value. 

In this model we should keep in mind that we neglect additional CRS interference in OFDM symbols #0, #4, #7, #11 by non-dominant macro cells. Hence, the performance requirement is slightly optimistic compared to the requirement in a real scenario. It remains to be investigated how much the additional degradation would be. A first simulation to study this effect has been provided in [2]. 
Based on the discussion in this contribution we do not see another alternative to model the interference in ABS subframes.
3. Conclusion 
In this contribution we provided alternatives how to define the interference model including the setting of the interference level. They can be summarized as follows:

Alternative 1: Define two independent frequency-flat noise sources represented by their noise power densities Noc1 and Noc2,( = Noc2 – Noc1. Apply the realizations of noise source Noc1 to the subcarriers of all OFDM symbols and the realizations of noise source Noc2,( in addition to all subcarriers of OFDM symbols #0, #4, #7, #11. The values of Noc1 and Noc2,( can be derived from [1] and similar contributions expected from other companies.

Alternative 2: Define a frequency-flat noise source represented by its noise power densities Noc1 and a second interfering cell represented by its EPRE ES,I2. Apply the realizations of noise source Noc1 to the subcarriers of all OFDM symbols and the interference given by ES,I2 in addition to all subcarriers of OFDM symbols #0, #4, #7, #11. Based on the simulations of [1], ES,I2/Noc1 is in the order of 1.8 dB.
Alternative 3: Continue the way forward with a single noise source and a single interfering cell. The noise source models the interference by other pico cells and the single interfering cell models the CRS interference in ABS subframes and the interference in non-ABS subframes from the dominant macro cell. The interference level of this single interfering cell should be set large enough. Based on the simulations in [1], ES,I1/Noc1 = 12 dB seems a reasonable value. 
Based on the discussion in this contribution we do not see another alternative to model the interference in ABS subframes. It is therefore recommended that these proposals are taken into account by RAN4 to define the interference model for eICIC demodulation and CSI reporting test cases.
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