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1. Introduction
In RAN4 #74bis meeting, inter-cell interference modeling for BS MMSE-IRC receiver was discussed and the following way forward was agreed [1]:

· Number of interferers to be explicitly modelled
· In phase-I link-level evaluation, assume two explicitly modelled interferers.
· Methodologies to determine DIPs for performance gain tests
· Methodology 1
· Step 1: Decide DIP1. First obtain the distribution of unconditional DIP1 values from all the simulated samples. The DIP1 value at 85%-tile of the DIP1 distribution is taken.
· Step 2: Decide DIP2. For the DIP1 value at 85%-tile, the median of the conditioned DIP2 are obtained, where the median DIP2 is obtained from all DIP2 whose corresponding DIP1 fall within ±5%-tile of 85-tile (i.e., 80~90%).
· Methodology 2
· Step 1: Identify the SINR value at 5%-tile of UL wideband SINR distribution as the SINR of interest. 
· Step 2: For each simulated sample, if the UL wideband SINR fall within +/- 0.2 dB of 5%-tile UL wideband SINR, the DIP1/2 values are saved for this sample. 
· Step 3: After saving all the conditional DIP1/2 values, the median values of DIP1/DIP2 distribution are taken.
· Note: DIP1 the strongest interferer, DIP2 the second strongest
In this contribution, we provide more analysis on UL interference characteristics, and give our views on how to down select one of the two candidate methodologies.
2. Discussion
As known, the basic idea of the methodology 2, i.e., use DIP values conditioned on certain wideband SINR, is reused from the UE MMSE-IRC interference modeling methodology. On one hand, it seems straightforward to reuse the existing methodology. But on the other hand, we should be aware of some different characteristics between UL and DL system.
Figure 1 shows the geographical location of UEs with low DL/UL wideband SINR. Homogenous scenario are simulated for both DL and UL, using the parameters agreed in TR 36.829 and BS MMSE-IRC WI respectively. For DL, the UEs with DL wideband SINR in the range of -2.5 +/- 0.2dB are selected, as shown in Figure 1(a). For UL, the UEs with UL wideband SINR in the range of -2.78 +/- 0.2 dB are selected, as shown in Figure 1(b). Note that -2.78 dB is the SINR value at 5%-tile of UL wideband SINR distribution.

It is observed that for DL, only UEs at site boundary or sector boundary experience low DL SINR around -2.5 dB, as expected. But for UL, some cell center UEs also experience low UL SINR around -2.78 dB. This phenomenon can be explained from two aspects as follows: 
1)
The difference between the UL received signal power of cell center UE and cell boundary UE is much smaller compared to DL.
BS Tx power for PDSCH is fixed in UE MMSE-IRC system simulation. So for one cell center UE and one cell boundary UE with coupling loss (i.e., Rx power - Tx power in serving cell) difference of 
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, the per PRB received signal power difference is 
[image: image2.wmf]CL

D

.

In contrast, the PUSCH Tx power is a function of the coupling loss, and the fractional power control compensation factor 
[image: image3.wmf]a

 is set as 0.8 in BS MMSE-IRC system simulation. If closed-loop power control is not considered and UEs are not power limited, the per PRB received signal power difference is 
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 for two UEs with coupling loss difference of 
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. Therefore, the difference between the UL received signal power of cell center UE and cell boundary UE is much smaller compared to DL.
2)
UL interference power varies among PRBs and TTIs, and the SINR for cell center UE can be quite low in PRBs/TTIs with severe interference.
In DL system simulation for collecting DIPs, since BS Tx power is fixed and fast fading channel is not modeled, the interference power from each interfering cell is unchanged in time and frequency domain during one simulation drop.
However, for UL system simulation, the interference power varies among PRBs and TTIs, when different UEs are scheduled on different PRBs/TTIs in neighboring cell. So in the PRBs/TTIs with severe interference, the SINR for cell center UE can be as low as around -2.78 dB.
Observation 1: With the condition of low UL wideband SINR, the TTIs/PRBs with severe interference for each UE can be selected, instead of selecting UEs located in cell boundary as in DL. More study is needed on whether it is appropriate to use methodology 2, i.e., DIPs conditioned on low UL wideband SINR.
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(a) UEs with DL wideband SINR in the range of -2.5 +/- 0.2 dB
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(b) UEs with UL wideband SINR in the range of -2.78 +/- 0.2 dB
Figure 1. Geographical location of UEs with low DL/UL wideband SINR 
(Homogenous scenario, one black circle represents one BS, one blue point represents one UE)

Another important characteristic of UL system is that the interference power is independent of the UE location in serving cell, and it only depends on the Tx power of the scheduled UEs in interfering cells and the channel attenuation from the scheduled UEs in interfering cells to the serving cell. Due to this characteristic, it is expected that the UL DIP distribution does not change with the UE location in serving cell. Figure 1(a), 1(b), 1(c) show the UL DIP distribution for UEs with low, medium and high RSRP in serving cell respectively. It is seen that the DIP 1/2 distribution curves in figure 1(a), 1(b) and 1(c) are aligned. So it is unnecessary to use DIP conditioned on certain UE location.
Observation 2: UL DIP distribution does not change with the UE location in serving cell, and it is unnecessary to use DIP conditioned on certain UE location.
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(a) DIP distribution conditioned on low RSRP (5%-tile)     (b) DIP distribution conditioned on medium RSRP (50%-tile)
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(c) DIP distribution conditioned on high RSRP (95%-tile)
Figure 2. UL DIP distribution conditioned on low, medium and high RSRP
Moreover, if methodology 2 is used, the link simulation workload will be increased obviously. This is because for each combination of antenna configuration (1x2, 1x4, or 1x8), propagation condition (EPA5 or EVA70) and deployment scenario (homogeneous or heterogeneous), link simulation should be conducted for multiple MCSs in order to find the MCS which makes the resulting SINR of BS MMSE-IRC closest to the SINR at 5%-tile of SINR distribution curve.
Observation 3: If methodology 2 is used, much more link simulation is needed in order to find one suitable MCS for each test case.
Based on the observations above, it is more reasonable to use unconditional DIP1 and methodology 1 is preferred.
Proposal: Set the methodology 1 as baseline for determining DIPs for performance gain tests, i.e., 

· Step 1: Decide DIP1. First obtain the distribution of unconditional DIP1 values from all the simulated samples. The DIP1 value at 85%-tile of the DIP1 distribution is taken.

· Step 2: Decide DIP2. For the DIP1 value at 85%-tile, the median of the conditioned DIP2 are obtained, where the median DIP2 is obtained from all DIP2 whose corresponding DIP1 fall within ±5%-tile of 85%-tile (i.e., 80~90%).
3. Conclusion

This contribution provided more analysis on the UL interference characteristics, with the following observations:
Observation 1: With the condition of low UL wideband SINR, the TTIs/PRBs with severe interference for each UE can be selected, instead of selecting UEs located in cell boundary as in DL. More study is needed on whether it is appropriate to use methodology 2, i.e., DIPs conditioned on low UL wideband SINR.
Observation 2: UL DIP distribution does not change with the UE location in serving cell, and it is unnecessary to use DIP conditioned on certain UE location.
Observation 3: If methodology 2 is used, much more link simulation is needed in order to find one suitable MCS for each test case.
Based on the observations above, it is proposed that:
Proposal: Set the methodology 1 as baseline for determining DIPs for performance gain tests, i.e., 

· Step 1: Decide DIP1. First obtain the distribution of unconditional DIP1 values from all the simulated samples. The DIP1 value at 85%-tile of the DIP1 distribution is taken.

· Step 2: Decide DIP2. For the DIP1 value at 85%-tile, the median of the conditioned DIP2 are obtained, where the median DIP2 is obtained from all DIP2 whose corresponding DIP1 fall within ±5%-tile of 85%-tile (i.e., 80~90%).
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