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[bookmark: _Ref463014664]Introduction
UE off power requirement was discussed in RAN4 #84bis. There was no agreement on the final requirement and it was therefore decided to perform further study to finalize the requirement in RAN4 #85 [1]. In this contribution we present simulation results based on Montecarlo trials and we make a specific proposal for range 2 NR UE off power requirement.
Discussion
In RAN4 #84bis, UE off power for NR range 2 was extensively discussed. In [2] a requirement of -25dBm TRP was proposed based on minimum coupling loss (MCL) analysis, for Urban Macro (UMa) scenario. Since there was no final agreement on the requirement to be included in TS 38.101-2, a way forward to perform further study was approved [1]. In the following sections, we summarize the simulation assumptions agreed in RAN4 WF and provide observations and proposals based on Montecarlo simulation results.
[bookmark: _Ref498606406]Methodology and simulation assumptions 
The methodology adopted in this contribution consists in estimating the noise floor desensitation at NR receiver due to UE emissions in off power state. The primary focus is to evaluate BS desense which has direct impact on the UL link budget. We will also provide observation on the amount of UE desense. 
Since it was already agreed to define the UE off power requirement as TRP, the final goal is to determine the maximum UE TRP off power which allows to keep BS(UE) noise floor increase within a specific target value. 
The general simulation setup is the same as the one adopted during the NR study item and captured in [3]. Specific assumptions used for Montecarlo simulations are the ones specified in [1]:
· Indoor scenario and all related parameters as specified in [3]. Note that indoor scenario represents the worst case for determining UE off power requirements since it is the scenario with higher UE density. 
· 12 BSs and varying number of UEs up to 600
· Off power in the range - 45 dBm to – 25 dBm
· Isotropic emission at UE (0 dBi gain)
· BS beam pointing at specific scheduled UEs, as in [3]
· No dual polarization gain, as in [2]
· Noise Figure = 10dB 
· Carrier frequency = 30 GHz 
· Channel BW: 200MHz is baseline (50MHz, 100MHz and 400MHz are also considered)
A further analysis has also been conducted in order to evaluate the impact of body and hand losses on UE off power interference. Since the 3GPP model for self-blockage assumes a flat 30 dB loss [4], 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 [5] and captures a more realistic view of diffraction loss with hand and other parts of the body.
In summary, we modelled body and hand losses as a log-normal distribution
,
with mean  and standard deviation .
Simulation results: impact to BS desense 
In the following sections, we consider simulation results with and without hand blockage losses. The focus is on the impact to BS noise floor increase.
[bookmark: _Ref498606337]Results without blockage losses
The solid lines in Figure 1, Figure 2, Figure 3 and Figure 4 show the total interference power at BSs from UEs off power for 400, 200, 100 and 50 MHz bandwidth channel, respectively. In the same plots, dashed lines represent the maximum interference levels allowed to achieve the thermal noise desense specified in the labels. 
Our findings for the analyzed scenario are summarized in the following observation:
Observation 1: When no blockage loss is considered, UE off power of -35dBm allows to keep BS noise increase within 1dB even in case of high UE density. 
[image: ]
[bookmark: _Ref498350181]Figure 1. Average UE off power interference at BSs for 400 MHz channel bandwidth
[image: ]
[bookmark: _Ref492919431]Figure 2. Average UE off power interference at BSs for 200 MHz channel bandwidth 
[image: ]
[bookmark: _Ref498350191]Figure 3. Average UE off power interference at BSs for 100 MHz channel bandwidth
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[bookmark: _Ref498617889][bookmark: _Ref498350192]Figure 4. Average UE off power interference at BSs for 50 MHz channel bandwidth

Results with blockage losses
[bookmark: _Hlk498597975]In this section we reproduce the simulation presented in section 2.2.1 by introducing the additional blockage to account for both hand and body losses, as described in section 2.1. Figure 5, Figure 6, Figure 7 and Figure 8, refer to 400, 200, 100 and 50 MHz bandwidth channel, respectively. As it can be observed, the cumulative interference is reduced by about 15dB on average, and this is consistent with the blockage loss distribution adopted in the study. 
Our findings for the analyzed scenario are summarized in the following observation:
Observation 2: When blockage loss is considered, UE off power of -35dBm allows to keep BS noise increase within 0.1dB even in case of high UE density. 


[image: ]
[bookmark: _Ref498345336][bookmark: _Ref498345250]Figure 5. Average UE off power interference at BSs for 400 MHz channel bandwidth. 
All UEs are affected by hand and body losses
[image: ]
[bookmark: _Ref498345284][bookmark: _Ref498345292][bookmark: _Hlk498344995]Figure 6. Average UE off power interference at BSs for 200 MHz channel bandwidth. 
All UEs are affected by hand and body losses
[image: ]
[bookmark: _Ref498350842]Figure 7. Average UE off power interference at BSs for 100 MHz channel bandwidth. 
All UEs are affected by hand and body losses
[image: ]
[bookmark: _Ref498350844]Figure 8. Average UE off power interference at BSs for 50 MHz channel bandwidth. 
All UEs are affected by hand and body losses
Simulation results: impact to UE desense 
[bookmark: _GoBack]UE off power impact on victim UE receiver desense has to be considered in case UE to UE interference is present. 
Such an analysis has been carried out for 50 MHz channel bandwidth and additional hand blockage, with the results shown in Figure 9.
[image: ]
[bookmark: _Ref498720900]Figure 9. Average UE off power interference at UEs for 50 MHz channel bandwidth.
All UEs are affected by additional body and hand losses

Comparing with Figure 8, the impact on UE receiver desense is smaller than the degradation of BS noise floor. In this case, with – 35 dBm we are able to guarantee UE receiver desense smaller than 0.1 dB even for high number of aggressor UEs.
Observation 3: UE off power of -35dBm allows to keep UE noise increase within 0.1dB even in case of high UE density.
Proposal
Following Observation 1 and 2, and considering the following aspects:
· Indoor scenario is the worst case in terms of UE off power impact to network desense due to the highest UE density
· Blockage loss is a key element to characterize realistic link conditions
· BS desense has relevant impact on NR coverage in mmW 
We make the following proposals:
Proposal: to specify -35dBm TRP as UE off power requirement in range 2 NR.
Conclusions
In this contribution, we presented simulation results showing the impact of UE off power requirements to BS(UE) desense. Based on the outcome of the study, the made the following observations:
Observation 1: When no blockage loss is considered, UE off power of -35dB allows to keep BS noise increase within 1dB even in case of high UE density. 
Observation 2: When blockage loss is considered, UE off power of -35dB allows to keep BS noise increase within 0.1dB even in case of high UE density. 
Observation 3: UE off power of -35dBm allows to keep UE noise increase within 0.1dB even in case of high UE density.
Based on the above observations we made the following proposal:
Proposal: to specify -35dBm TRP as UE off power requirement in range 2 NR.
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