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1 Introduction

In RAN4, typically a deterministic methodology is used to define UEs’ spurious emission mask to avoid the UE-to-UE interference scenario. In such a methodology, the criterion that “1dB/3dB desensitization” is allowed when two UEs are assumed to be separated at a distance of 1 meter and transmit at maximum power. Obviously, this methodology is aimed at modeling the worst-case interference scenario. As a result, it could lead to tighter requirements than demanded by realistic situations for the following reasons. First, in reality, some power control scheme should be in effect so that a mobile scales down its power transmission if it has a good channel to the desired base station. Second, the event that two mobiles come within 1 meter of each other occurs with certain probability, so that the interference problem based on 1 meter separation distance and “1dB/3dB desensitization” does not happen all the time and to every mobile.  

On the other hand, using the traditional Monte-Carlo simulation assuming uniform user distribution within a cell as defined in TR25.942 [1] to evaluate MS-MS interference scenarios often gives optimistic results. The probability of 2 mobiles coming close to each other under the uniform distribution assumption is very low, resulting in often negligible performance degradation in terms of capacity loss. However, this approach does not take into account some real concerns of the operators – the “hotspot” phenomenon, i.e., high user density areas such as a coffee shop or a sports stadium.

Therefore, it is proposed to use an adapted Monte-Carlo simulation methodology for UE-to-UE interference study that takes into account the above aspects, including power control and hotspot considerations. The results are expected to give a more realistic, or balanced, picture on UE-to-UE coexistence and thus lead to more reasonable UE spurious requirements.
2 Methodology
The methodology is depicted at a high-level in Fig. 1. The interfering system is denoted as system A. The victim system is denoted system B. It can be seen that the procedures of simulation is similar to those defined by the current static methodology [2] we are using for the LTE coexistence simulation work. The main difference would be the hot-spot layout and user distribution, which are described below.
The Cell and hotspot layout are shown in Fig. 2. For both interfering system A and victim system B, each cell consists of three hexagonal sectors and each sector has a diagonal of Rcell-A or Rcell-B. The cell radii are denoted as Rcell-A and Rcell-B, respectively. In Fig. 2, it is assumed that Rcell = Rcell-A = Rcell-B and that the BSs of the two systems are co-located so that the cells completely overlap each other. However, the case that the BSs of the two systems are separated with some offset can be modeled as well. The victim cell simulated is shown as the red dashed center cell. Six interfering cells surrounding the victim cell are simulated. Hotspots, or high user density areas, are dispersed randomly throughout the cell as explained next.

Let RHotspot denote the hotspot radius. It is assumed that all hotspots have a circular shape (completely defined by RHotspot) for the time being. It is assumed that Nh hotspots are dispersed within each sector. Notice that these high density areas are by definition areas where cellular users congregate, such as a coffee shop or sports stadium. Hotspots are common to both systems, i.e., both the interfering system and the victim system serve users within the hotspot at the same time. Hotspots can be large-scale (sports stadium) or small-scale (coffee shops). It can also be outdoor (sports stadium) or indoor (hotel lobby).

The center of each hotspot is randomly distributed within the eligible area within a sector. We introduce the notion of an eligible area due to the following two reasons. First, it is desirable that the hotspots do not go across sectors purely for simplicity purposes. The second reason is based on the assumption that in order to accommodate the high traffic demand from hotspot areas, the hotspots cannot be too far away from the base station. Having a hotspot near the cell edge would defeat the existence of a hotspot – users cannot expect to get high service rate when they are within the hotspot anyway. In practice, base station sites are often selected carefully to serve expected high traffic area during the cell planning stage. An example eligible area (shaded) is depicted in Fig. 3. The boundary lines in orange exist due to the first reason stated above (to avoid cross-sector hotspot); the boundary lines in green exist due to the second reason stated above (to ensure that hotspots are not placed near the very edge of the cell). We assume that Relig = e% * Rcell, which defines the outer edge of the eligible area. The ratio between Relig and Rcell is therefore e%, which is a tunable parameter between 0 and 100%. For the time being, it is assumed that e% = 80%.
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Figure 1. Methodology flow chart
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Figure 2. Cell and hotspot layout 
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Figure 3. Eligible area for hotspot center

Let Nmax be the maximum number of simultaneously active users in one system. Out of the Nmax users, we assume that p% of them are in the hotspot, while the remaining 1- p% are in the non-hotspot region of the sector. Users are distributed randomly within the hotspot/sector based on these numbers. 

Finally, it should be noted that in this paper we aim to give a high-level description of the methodology; as such, the details concerning the hot-spot layout and user distributions could be discussed further and finalized.
3 Conclusion
This paper presents a high-level “hot-spot” Monte-Carlo methodology for simulating the UE-to-UE inference scenario that will facilitate the specification of UE spurious emission requirements. It is proposed for RAN4 to adopt this methodology.  
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User distribution
(include optional high-density area configuration)


Distance proportional power control è PA, k


Decide interference radius è
rA,k = f(GB, PA,k)


Mark victim MS as interfered if
d(MSB,k, MSA,k) < rA,k 


Collect statistical results è
Prob (MSB,k interfered)
Prob(MSB,k interfered | MSB,k in hotspot)
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RF performance


Step 1:
User distribution
(include optional high-density area configuration)


Step 2:
Distance proportional power control è PA, k


Step 3:
Decide interference radius è
rA,k = f(GB, PA,k)


Step 4:
Calculate the received interference level (IXB,k) for each victim MSB,k.


Step 5:
Collect statistical results è
- Prob (MSB,k interfered)
- Prob(MSB,k interfered | MSB,k in a hotspot)
- CDF of IXB,k
- CDF of IXB,k given that MSB,k is in a hotspot
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Using random propagation model, it is not enough to mark MS as interfered or not. Interference will be calculated pairwise to find out the exact interference level. It is then compared with IXmax to conclude whether a mobile is interfered or not.
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Propagation model


Step 1:
User distribution
(include optional high-density area configuration)


Step 2:
Distance proportional power control è PA, k


Step 3.2:
Calculate the received SINR*B,k for each MSB,k considering:
1) intra-system interference
2) inter-system interference from MSA,k who are within 10 meters of the victim MSB,k.


Step 4.2:
Map SINR*B,k into throughput Xput*B,k.
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Adjacent channel RF performance


Step 3.1:
Calculate the received SINRB,k for each MSB,k considering:
1) intra-system interference
only.


Step 5:
Collect statistical results
- calculate SINR reduction for each MSB,k:
   DSINR = |SINR*B,k-SINRB,k|
- calculate throughput degradation for each MSB,k:  
   Xdeg%=|Xput*B,k-XputB,k| / XputB,k*100%
- CDF of DSINR, Xdeg%
- CDF of DSINR, Xdeg% given that MSB,k is in hotspot
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Step 4.1:
Map SINRB,k into throughput XputB,k.


Step 1:
User distribution
(include high-density area configuration)


Step 2:
Scheduling and power control


Step 3.2:
Calculate the received SINR*B,k for each MSB,k 


Step 4.2:
Map SINR*B,k into throughput.


Step 3.1:
Calculate the received SINRB,k for each MSB,k 


Step 5:
Collect statistical results in terms of
- avg. user throughput degradation
- 5% user throughput degradation
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Baseline scenario


Adjacent channel RF performance


Step 4.1:
Map SINRB,k into throughput.


Interference scenario



