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[bookmark: _Ref463014664]Introduction

In this contribution we present simulation results with the goal of determining the UE to UE coexistence requirement in range 2 NR. We will analyse an Indoor deployment scenario considering 28 GHz band as a victim. 
Based on the outcome of the simulation campaign, we will make a proposal for the UE to UE coexistence requirement to be included in TS 38.101-2.
Discussion
In [1], a preliminary deterministic Minimum Coupling Loss (MCL) analysis for UE to UE coexistence in mmWave is carried out for different carrier frequencies. The following assumptions were made:
· no antenna gain 
· flat 20 dB body and hand losses
· 1 m UE to UE distance
The conducted spurious requirement proposed for 28 GHz band is - 25 dBm/MHz for 3 dB noise floor increase. However, it was concluded that feasibility study would be needed in order to define a more precise mmWave UE to UE coexistence requirement.
In this contribution, we provide Montecarlo simulation results for the UE to UE coexistence evaluating the impact on the following two metrics:
· UE receiver desense, i.e. increase in UE noise due to spurious interference from other UEs. 
· System throughput degradation. 
In the following, we will describe simulation methodology and assumptions, present simulation results and make specific proposals for the requirement.
Simulation methodology and assumptions
The main simulation assumptions used for Montecarlo simulations are as follows:
· Indoor scenario and all related parameters as specified in [2] and also shown in Figure 1 (green and yellow crosses are victim and aggressor scheduled UEs, respectively, whereas overlapping triangles and stars are victim and aggressor co-located BSs, respectively.).
· 200 MHz bandwidth
· No uplink power control, fixed emission level in dBm/MHz
· UE Noise Figure = 10dB
· 28 GHz victim band
· Body and hand losses ( log-normally distributed with mean  and standard deviation  [3]
.
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[bookmark: _Ref498426048][bookmark: _Ref498426020]Figure 1. Indoor (InH) scenario under analysis.
For mmWave frequencies additional body and hand losses play a key role [3] and should be considered in the evaluation of cross interference. Differently compared to [1] and [4], where self-blockage losses are assumed a flat 20 and 30 dB, respectively, which can be conservative and pessimistic in many real use-cases such as a loose hand grip, etc., we consider an alternate model for self-blockage where the diffraction loss (in dB) is modeled as a normal random variable with mean of 15.26 dB and standard deviation of 3.80 dB. This model is based on measurement data reported in [3] and captures a more realistic view of diffraction loss with hand and other parts of the body.
The methodology consists in injecting interference from scheduled UEs to the victim UE. In other words, one victim UE (scheduled by the first operator) receives interference by 12 UEs operating in another band and associated to the 12 BSs belonging to the second operator.
Simulation results: impact to throughput 
Figure 2 shows the throughput degradation due to spurious emissions over the victim band compared to a situation in which only co-channel interference is present. As it can be observed, throughput degradation is within 5% for emission lower than -5dBm/MHz.
Observation 1: throughput degradation due to UE to UE spurious emission is within 5% for emissions lower than -5dBm/MHz, while degradation is negligible for emissions lower than -25dBm/MHz.
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[bookmark: _Ref498431430]Figure 2. Mean and 5%-tile throughput degradation for different values of spurious emissions 
over victim band. 

Simulation results: impact to UE noise increase 
In this section, we focus on the impact to the UE noise floor, in particular trying to estimate the amount of the UE receiver desense due to the UE to UE interference.
[bookmark: _GoBack]Figure 3 shows the interference distributions at receiver for –25 dBm/MHz spurious emission. Such value has been chosen to make a comparison with the MCL analysis carried out in [1]. The plots can be read as follows:
· The blue curve is the interference distribution at receiver
· The red dashed line indicates the mean value of the interference distribution at receiver
· The black dashed line indicates the interference value at receiver that causes 3 dB desense
· The green dashed line indicates the interference value at receiver that causes 1 dB desense
We analyzed a reference channel bandwidth of 200 MHz, however the same considerations apply for other different bandwidths, since a fixed shift will be applied to both interferer distributions and desense reference points.  
As it can be observed, the -25dBm/MHz will guarantee a desense of 1dB with very high probability, while the average perceived desense will be ~ 0.01 dB.
Observation 2: - 25 dBm/MHz spurious emission guarantees receiver desense smaller than 1 dB with very high probability, while average desense is ~ 0.01 dB.
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[bookmark: _Ref498603493]Figure 3. Interference distribution at victim UEs receiver for - 25 dBm/MHz. 
Implementation aspects and proposal
What we observed so far is that -25dBm/MHz will allow to keep both throughput degradation and UE receiver desense within target limits, therefore it is a good requirement from system level perspective. Few considerations need to be made from implementation point of view. Due to the heterodyne architecture needed for mmW bands, it is possible that, depending on the bands under analysis, LO leakage could fall in some of the operating bands. Being a narrow band signal, this should not create a large impact on system level performance, even though it could be challenging to meet the
-25dBm/MHz requirement. As a consequence, our proposal is to define -25dBm/MHz (TRP) as the baseline UE coex requirements, but at the same time to allow a number of exceptions which will still meet the general emission requirement of -13dBm/MHz TRP. 
Proposal: to define – 25 dBm/MHz TRP as the UE to UE coexistence requirement to protect band n257 and n258. To allow a number of exceptions which will meet the -13dBm/MHz TRP general spurious emission requirement. The number of exceptions is FFS and depends on specific bands for which the coexistence is required.
Conclusions
In this contribution, we presented simulation results for UE to UE coexistence. Based on the outcome of the study, the following observations and proposal were made:
Observation 1: throughput degradation due to UE to UE spurious emission is within 5% for emissions lower than -5dBm/MHz, while degradation is negligible for emissions lower than -25dBm/MHz.
Observation 2: - 25 dBm/MHz spurious emission guarantees receiver desense smaller than 1 dB with very high probability, while average desense is ~ 0.01 dB.
Proposal: to define – 25 dBm/MHz TRP as the UE to UE coexistence requirement to protect band n257 and n258. To allow a number of exceptions which will meet the -13dBm/MHz TRP general spurious emission requirement. The number of exceptions is FFS and depends on specific bands for which the coexistence is required.
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