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1. Introduction

ITU-R WP 5D sent the LS [1] to RAN4 where requested feasibility study of meeting more stringent limits and/or potentially using larger measurement bandwidths (e.g. 100 MHz and 200 MHz), to define unwanted emission limits for certain cases (e.g. protection of passive service systems). Before RAN4#85 meeting, companies in RAN4 discussed the content of LS response to ITU-R WP 5D. Even though the LS has not been agreed yet in RAN4, it gives an insight on general assumption which should be used during above mentioned feasibility study in RAN4. 

This contribution presents system level simulation results which follow assumptions included in [1]. From the perspective of included simulation results, these assumptions can be summarized as follows:
· Tighter limits of NR out of band emissions may require DL transmit power back-off, leading to loss in cell edge user DL throughput. Simulation results presented in this contribution indicate how severe such impacts on the performance (cell edge user DL throughput) of NR system in 24.25-27.5GHz (n258) band would be for achieving an emission level in the range of ‑27 to ‑32dBW/200MHz (-20 to -25dBm/MHz) to protect EESS (passive) services operating in 23.6-24GHz.
· There are currently multiple discussion and studies ongoing to determine specific limit to protect EESS (passive) services in certain frequencies. Intention of study presented in this contribution is to indicate appropriate limits for protection of the EESS (passive) in 23.6-24GHz band only, not the generic / baseline unwanted emission limits of 5G/IMT-2020 above 1 GHz. Regarding the simulation results presented in this contribution, the NR performance (cell edge user DL throughput) loss analysis is specific to the n258 band and protection of EESS (passive) located from 250MHz offset to that band, as per chosen NR carrier frequency, deployment-based parameters and frequency offset to the EESS (passive) channel at that specific band. The same methodology, however could be applied to other bands where EESS (passive) is adjacent to 5G/IMT-2020. However, those bands would have their specific input parameters (carrier frequency, deployment-based parameters, frequency offset to the passive services channel, etc.), and would result in different (e.g. worse in case of smaller or no frequency offset to the passive services channel) performance degradation conclusions.
· RAN4 would need to consider the possibility to specify a requirement to be applied for protection of frequency ranges in which passive services would operate without additional frequency separation from NR system. Achieving the more stringent level might require transmit power back off even higher than in case described in previous bullet, where frequency separation between EESS (passive) and NR is 250MHz. Therefore, included simulation results indicate also the impact on the performance (cell edge user DL throughput) of NR system in case of transmit power reduction needed to achieve an emission level of -37dBW/200MHz (-30dBm/MHz).
2. Simulation assumption for feasibility study
Results of performed feasibility study are intended to be contributed to ITU-R WP5D and ECC PT1, therefore assumptions used in system level simulations follow agreements made in ITU-R WP5D and ITU-R TG 5/1 included in documents [2] and [3]. Outdoor Urban hotspot deployment scenario according to [2] has been used in simulations. Most important simulation assumptions are summarized in Table 1 and Table 2. 
Table 1. Simulation assumptions for BS
	Network topology and characteristics 
	Outdoor Urban hotspot deployment
30 BSs/km2

	Frequency
	24.35GHz

	CBW
	200MHz

	Antenna height 
(radiation centre)
	6 m 
(above ground level)

	Sectorization
	Single sector

	Downtilt
	10 degrees

	Radio channel model 
	UMi_SC according to [4]

	1
	Antenna Characteristics 
	

	1.1
	Antenna pattern 
	Refer to Recommendation ITU-R M.2101 [5]

	1.2
	Element gain (dBi)
	5

	1.3
	Horizontal/vertical 3 dB beamwidth of single element (degree) 
	65º for both H/V

	1.4
	Horizontal/vertical front-to-back ratio (dB)
	30 for both H/V 

	1.5
	Antenna polarization 
	Linear  ±45º

	1.6
	Antenna array configuration (Row × Column)
	8x8 elements 

	1.7
	Horizontal/Vertical radiating element spacing 
	0.5 of wavelength for both H/V 

	1.8
	Array Ohmic loss (dB)
	3

	1.9
	Conducted power (before Ohmic loss) per antenna element (dBm/200 MHz)
	10

	1.10
	Base station maximum coverage angle in the horizontal plane (degrees)
	120


Table 2. Simulation assumptions for UE

	Indoor user terminal usage
	5%

	User Equipment density for terminals that are transmitting simultaneously 
	100 UEs/km2 ( 3UEs/cell

	Distance from BS
	Rayleigh with σ = 32 

Min distance = 3m (assumption from [6])

	Distribution in azimuth
	N(0°, 30°) with cutting off at ±60°

	Antenna height 
(radiation center)
	Outdoor: 1.5m
Indoor: 1.5m – 22.5m (assumptions from [6])

	Orientation in azimuth
	-60° to +60° in the direction of the BS

	Orientation in elevation
	-90° to +90° in the direction of the BS

	Noise figure
	10dB

	1
	Antenna Characteristics 
	

	1.1
	Antenna pattern
	Refer to Recommendation ITU-R M.2101 [5]

	1.2
	Element gain (dBi)
	5

	1.3
	Horizontal/vertical 3 dB beamwidth of single element (degree)
	90º for both H/V

	1.4
	Horizontal/vertical front-to-back ratio (dB)
	25 for both H/V

	1.5
	Antenna polarization
	Linear ±45º

	1.6
	Antenna array configuration (Row × Column)
	4x4 elements

	1.7
	Horizontal/Vertical radiating element spacing 
	0.5 of wavelength for both H/V

	1.8
	Array Ohmic loss (dB)
	3


3. Simulation results

System level simulation results have been performed for Outdoor Urban hotspot deployment scenario with BS density of 30 BSs/km2 distributed in regular grid of 57 cells, where single serving cell is surrounded by 56 interfering cells operating in the same radio channel (frequency re-use 1). Each cell serves simultaneously 3 UEs in separated radio channels of bandwidth equal to around 66.7 MHz (cell bandwidth of 200MHz distributed equally among 3 UEs). Simulations were performed according to Monte Carlo statistical requirements. During single simulation step, SINR and throughput is calculated for UE distributed in serving cell. Simulations assumed realistic beamforming where Tx and Rx beams follow the strongest cluster of modelled radio channel realization. Only DL direction has been simulated.
Intention of simulations was to indicate how NR DL performance will drop due to DL transmit power back off required by more stringent unwanted emission limits. Simulations were performed in four stages which correspond to different DL transmit power levels. First stage is a baseline, which is used as a reference for evaluation of DL performance loss. DL transmit power levels presented in Table 3 have been assumed to correspond with unwanted emission limits also presented in Table 3.
Table 3. Power parameters assumed during system level simulations with baseline DL transmit power of 28dBm/200MHz
	Stage
	1 (baseline)
	2
	3
	4

	Unwanted Emissions  [dBm/MHz]
	-13
	-20
	-25
	-30

	Tx Power per cell [dBm/200MHz]
	28
	21
	16
	11

	Tx Power per UE [dBm/(66.7)MHz]
	23.24
	16.24
	11.24
	6.24


Figure 1 presents system level simulation results for baseline DL transmit power of 28dBm/200MHz. Plot indicates cell edge user DL throughput loss due to DL transmit power back off in reference to baseline DL transmit power (28dBm/200MHz). As can be observed on Figure 1, DL transmit power back off, which corresponds to unwanted emission limit of -20dBm/MHz, leads to cell edge user DL throughput loss of 36.5% in reference to baseline power parameters. 
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Figure 1. System level simulation results for baseline DL transmit power of 28dBm/200MHz
As NR DL transmit power can be higher than assumptions made by ITU-R WP5D in [2] (28dBm/200MHz), additional simulations have been performed with different DL transmit power (35dBm/200MHz) as a baseline value. Table 4 presents power parameters assumed in these additional simulations.
Table 4. Power parameters assumed during system level simulations with baseline DL transmit power of 35dBm/200MHz

	Stage
	1 (baseline)
	2
	3
	4

	Unwanted Emissions  [dBm/MHz]
	-13
	-20
	-25
	-30

	Tx Power per cell [dBm/200MHz]
	35
	28
	23
	18

	Tx Power per UE [dBm/(66.7)MHz]
	30.24
	23.24
	18.24
	13.24


Figure 2 presents system level simulation results for baseline DL transmit power of 35dBm/200MHz. Plot indicates cell edge user DL throughput loss due to DL transmit power back off in reference to baseline DL transmit power (35dBm/200MHz). As can be observed on Figure 2, DL transmit power back off, which corresponds to unwanted emission limit of -20dBm/MHz, leads to cell edge user DL throughput loss of 22.2% in reference to baseline power parameters. Unwanted emission limit of -25dBm/MHz would lead to cell edge user DL throughput loss of 37.9% in reference to baseline power parameters.
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Figure 2. System level simulation results for baseline DL transmit power of 35dBm/200MHz
Having in mind one of the basic assumption of IMT-2020 system performance captured in [7], i.e. 3x the cell edge spectral efficiency of IMT-Advanced, further reduction of unwanted emission limits below -20dBm/MHz may lead to significant drop of NR performance and failure in fulfilment of IMT-2020 performance assumptions for n258 band. 
Therefore, based on obtained simulation results it is proposed NR unwanted emissions towards 23.6-24GHz band shall be not stricter than ‑27dBW/200MHz (-20dBm/MHz).

Proposal: It is proposed to indicate in LS to ITU-R WP5D and ECC PT1 the requirement of NR unwanted emissions towards 23.6-24GHz band should not be stricter than ‑27dBW/200MHz due to significant performance degradation as shown in this document. It is also proposed to include findings of this document in LS response.
Figure 3 and Figure 4 illustrate unwanted emission limits for analysed band combination. Red line indicates limits for DL transmit power of 28dBm/200MHz (Figure 3) and 35dBm/200MHz (Figure 4) according to current RAN4 assumptions. Blue dotted line presents proposed limit of -20dBm/MHz for 23.6-24GHz protection.
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Figure 3. Illustration of NR unwanted emission limits according to current assumptions and proposal of new limit for 23.6-24GHz band for DL transmit power of 28dBm/200MHz

[image: image4]
Figure 4. Illustration of NR unwanted emission limits according to current agreements and proposal of new limit for 23.6-24GHz band for DL transmit power of 35dBm/200MHz
4. Conclusion

This contribution includes system level simulation results which present impact of NR DL transmit power back off on cell edge user DL throughput degradation in n258 band. Simulations were performed to indicate acceptable limit of NR unwanted emissions towards 23.6-24GHz. Based on obtained simulation results, the following is proposed:
Proposal: It is proposed to indicate in LS to ITU-R WP5D and ECC PT1 the requirement of NR unwanted emissions towards 23.6-24GHz band should not be stricter than ‑27dBW/200MHz due to significant performance degradation as shown in this document. It is also proposed to include findings of this document in LS response.
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