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[bookmark: _Ref463014664]Introduction
In this contribution we focus on the additional spurious emission requirements needed to protect passive services operating in millimiter (mmW) frequency ranges. We provide an analysis following the guideline agreed in [1] with the aim to estimate the amount of power reduction needed to meet -7dBm/200MHz emission level over the passive bands. 
Discussion
The need to have an additional spurious emission requirement to protect specific services comes from ITU-R sharing study on mmW bands for IMT-2020. ITU-R Working Party 5D sent to RAN4 on an “LS on IMT-2020 unwanted emission” [2]. With particular emphasis on passive services (operating for instance in the band 23.6-24.0 GH), ITU-R asked the feasibility of more string limit compared to the categories defined in recommendation ITU-R SM.329. In particular
· Feasibility of -30 dBm/MHz for both UE and BS, and if not feasible, achievable value is requested.
· Additional spurious emission requirements: ITU-R requests information regarding feasibility of more stringent limits to protect specific sensitive services.
Regarding the protection of passive services (e.g. EESS passive), one of ITU-R proposals is to increase reference bandwidth. An example is given by the following list which shows band of operation of passive services and corresponding reference bandwidth to be studies: 
23.6-24 GHz -> 200MHz　
31.3-31.8 GHz -> 200MHz
50.2-50.4 GHz -> 200MHz
52.6-54.25 GHz -> 100MHz
86-92 GHz -> 100MHz
Several RAN4 contributions already addressed this issue [2][3][4][5][6]. From UE perspective, a “Way Forward on additional UE spurious emission requirements to protect passive bands” was approved in RAN4 #84bis. The aim of the way forward is to specify the simulation assumptions needed to verify the impact of the additional requirements on UE performance requirement. In particular, the following bullets were agreed [1]:
· To define an additional requirements to protect the passive bands with measurement BW of 200MHz
· The value of the additional requirement is TBD dBm/200MHz
· RAN4 does not need to specify any image rejection requirement
· RAN4 will study required power back off and/or RB restriction needed to meet the target of -7 dBm/200MHz in the 23.8-24 GHz frequency range.
· The following NR transmission configuration should be studied:
· Band: n257 and 258.
· Channel BW: 400 MHz and 800MHz.
· Channel location: lowest channel in the band (i.e. starting from 26.5GHz for n257 and from 24.25GHz for n258)
· If the cases above need no restriction, evaluation for different channel location is not needed .
· Otherwise, upper frequency channel allocation needs to be studied with steps of 200 MHz granularity. 
· In RAN4 #85, we will inform ITU-R WP5D and CEPT PT1 about the outcome of the study in terms of power reduction, resource allocation restriction needed to meet the additional requirement
In the following sections we will provide more details about the simulation performed and we summarize our finding with few key observations. Based on the outcome of the study we will also make a specific proposal for the additional requirement to be defined in TS 38.101-2.

Impact of additional spurious emission requirement: methodology and results
In our analysis, we observed that given the very large measurement bandwidth, the bottleneck to meet the -7dBm/MHz is spectral regrowth, and therefore overlapping with ACLR/SEM region. By considering 800MHz waveform with 23dBm TRP, we observed a power reduction needed to meet -7dBm/200MHz up to 4dB. We analysed different modulation formats and both CP-OFDM and DFTS-OFDM waveforms. A summary of the simulation results I reported in Table 1.
[bookmark: _Ref499203200]Observation 1: for band n258 the amount of power back-off needed to meet the -7dBm/200MHz requirement to protect 23.6-24GHz passive band is up to 4dB. For band n257 no power back-off is needed to meet the same requirement.
Table 1. Simulation results for 800MHz waveform.
	Modulation
	TRP limit at +23dBm
	Pout, dBm
	Back-off , dB
	Back-off with margin, dB

	CP-OFDM
	64QAM
	-7dBm/200M
	20
	3
	4

	
	16QAM
	
	20
	3
	4

	
	QPSK
	
	20
	3
	4

	DFT-s-OFDM
	64QAM
	
	20.5
	2.5
	3.5

	
	16QAM
	
	20.5
	2.5
	3.5

	
	QPSK
	
	21
	2
	3

	
	pi/2 BPSK
	
	21.8
	1.2
	2.2


 
Impact on capacity and coverage
In this section we try to understand the impact of power back-off to NR system performance. The impact depends on the specific simulated scenario. The largest impact on capacity and coverage is expected in outdoor deployments where the system is strongly noise limited. As a consequence, we analysed the impact to outdoor UEs in Urban Macro (UMa) deployments with Inter-Site Distance (ISD) = 500m. Figure 1 shows the median and 5%-tile degradation as a function of power back-off. The back-off is compute with respect to a UE transmitting 23dBm EIRP. As it can be observed, 4dB back-off leads to very large degradation in both median and 5%-tile throughput performance. 
Observation 2: considering outdoor deployment, for 4dBm UE tx power back-off, a median throughput degradation up to 20% and 5%-tile throughput degradation up to 50% are observed. 

[image: ]
[bookmark: _Ref499631704]Figure 1. Median and 5%-tile throughpt degradation due to UE power back-off. UMa - ISD=500m.

Proposals
Given the results obtained in our analysis, we propose to define the additional requirement of -7dBm/200MHz or the 23.6-24GHz passive band and to decide power reduction needed to meet the requirement in RAN4 NR Ad Hoc #4.
Proposal 1: to define -7dBm/200MHz as additional UE spurious emission requirement in 23.6-24GHz frequency range. 
Proposal 2: to define the amount of power reduction needed to meet the additional UE spurious emission requirement in RAN4 NR Ad Hoc #4.
Conclusions
In this contribution, we analyze the additional requirements of -7dBm/200MHz needed to protect passive bands. Based on the outcome of our analysis, we made the following observations and proposals:
Observation 1: for band n258 the amount of power back-off needed to meet the -7dBm/200MHz requirement to protect 23.6-24GHz passive band is up to 4dB. For band n257 no power back-off is needed to meet the same requirement.
Observation 2: considering outdoor deployment, for 4dBm UE tx power back-off, a median throughput degradation up to 20% and 5%-tile throughput degradation up to 50% are observed. 
Proposal 1: to define -7dBm/200MHz as additional UE spurious emission requirement in 23.6-24GHz frequency range. 
Proposal 2: to define the amount of power reduction needed to meet the additional UE spurious emission requirement in RAN4 NR Ad Hoc #4.
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