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[bookmark: _Ref463014664]Introduction
In this contribution we focus on out-of-band (OOB) blocking requirement for range 2 NR. So far, no specific proposals were made on this topic.
In the following, we provide a short review of what we believe are the most critical blockers for systems operating in millimeter wave (mmW) bands and we will make a proposal for the definition of OOB blocking (OOBB) requirement in TS 38.801. 
Discussion
So far RAN4 only addressed ACS and IBB requirements for range 2 NR. Single carrier ACS and IBB were already agreed [1] and [2], and implemented in the version of TS 38.801-2 approved through e-mail [3]. Proposals for the requirement applicable to the carrier aggregation case are made in [4][5].
In the following we will focus on OOBB requirement discussing both frequency region and jammer level.
OOBB requirement: frequency region
In order to define the starting of out-of-band region, it is necessary to recall the location of ACS and IBB signals. As it can be noted, both ACS and IBB jammers bandwidths are equal to the wanted signal channel bandwidth. Furthermore, IBB has a variable frequency location (compared to the wanted signal) which can span from FDL_low-1.5BW to FDL_high+1.5BW. As a consequence, the region covered by in-band blocking requirements spans from FDL_low-2BW to FDL_high+2BW.
Observation 1: For range 2 NR, the region covered by in-band blocking requirements spans from FDL_low-2∙BW to FDL_high+2∙BW
Based on observation 1, it is natural to propose start the OOBB region for Rx requirements below FDL_low-2∙BW and above FDL_high+2∙BW:
Proposal 1: for single carrier NR in Range 2, OOBB receiver requirements are defined below FDL_low-2∙BW and above FDL_high+2∙BW.
A pictorial representation of the proposed in-band and out-of-band regions is depicted in Figure 1.
In case of intra-band carrier aggregation, our proposal is to define in-band requirements based on aggregated channel BW for the contiguous case, while for the non contiguous case requirements are based on the largest channel BW among component carriers:
Proposal 2: for intra-band contiguous CA NR in Range 2, OOBB receiver requirements are defined below FDL_low-2∙BWagg and above FDL_high+2∙BWagg, where BWagg is the aggregated channel BW.
Proposal 3: for intra-band non-contiguous CA NR in Range 2, OOBB receiver requirements are defined below FDL_low-2∙BWmax and above FDL_high+2∙BWmax, where BWmax is the largest channel BW across the component carriers.
Finally, for the case inter-band carrier aggregation the single carrier requirement will apply.
Proposal 4: for inter-band CA NR in Range 2, OOBB receiver requirements are defined below FDL_low-2∙BW and above FDL_high+2∙BW and apply to each component carrier.
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[bookmark: _Ref498531128]Figure 1. Frequency regions for in-band and out-of-band requirements.

OOBB requirement: jammer level
In this section, we try to identify the most relevant systems which could cause blocking issues to NR UEs. The OOBB requirement definition was discussed in [6][7][8] but with no concrete proposals. List of blockers in different regions were also presented in [9][10] without specifying what could be the associated requirement.
Based on a review of all the potential blockers operating in mmW bands, and considering commercial systems deployed, we believe that the most common type of jammers which could impact NR operating in mmW are fixed wireless systems (FS) and fixed satellite services (FSS). Problems related to earth-to space stations (i.e. UL satellite links) could be avoided, if any, based on an exclusion region close to the station, therefore they will not be analysed in the following and we will only focus on fixed services.
There are several systems deployed in different bands and in different regions. Having a comprehensive analysis looking at all possible systems is not possible and out of the scope of this document. As a consequence, we will focus on Local Multipoint Distribution Service (LMDS) point-to-point fixed systems, which are commonly deployed and could represent a typical blocking scenario. As a study case we will consider parameters obtained based on European national data base analysis of point to multi-point (P-MP) systems provided in [11]. Table 1 summarizes the main characteristics of these P-MP links operating in 24.5-26.5GHz. It is worth noticing that although the table is specific to 24GHz-26GHz, similar systems operates in different mmW bands [12][13], therefore this represents a good reference point to determine a possible OOB blocking requirement. An example of antenna diagram for 0.6m antenna diameter is shown in Figure 2. The diagrams are taken from [14] and based on ITU-R recommendation F.699-7 [15].
From the table, we can see that the peak EIRP available is 40dBW=70dBm. An important factor is the antenna discrimination at a given off angle compared to peak direction. Since these systems adopt single dishes, the gain is a function of the aperture (and therefore diameter of the dish) and no major secondary lobes typical of antenna arrays are present, as it can be observed in Figure 2. It is also worth noticing that at 20 degrees off-angle the antenna rejection is already larger than 40dB. In summary, we have:
· Peak EIRP = 70dBm
· Antenna gain reduction at 20-degrees compared to boresight = 40dB 

[bookmark: _Ref498693708]Table 1. Characteristics of P-MP systems fixed service in the frequency band 26 GHz (24.5 – 26.5 GHz) [6]
	Frequency band (GHz)
	24.5 – 26.5

	Station type
	Central station
	Terminal station

	Reference ITU-R Recommendation
	F.748 (frequency arrangements)

	Modulation
	from QPSK to 256 QAM

	Channel spacing and receiver noise bandwidth (MHz)
	3.5, 7, 14, 28, 56, 112

	Feeder loss (dB)
	0
	0

	Antenna type and gain range (dBi)
	15...27 (sector)
	0.24 m antenna diameter: 33.8
0.3 m antenna diameter: 37.3
0.6 m antenna diameter: 41.5
1.2 m antenna diameter: 47.1

	e.i.r.p. range (dBW)
	2...17
	13...40

	Receiver noise figure typical (dB)
	6.5
	6.5

	Receiver noise power density typical (=NRX) (dBW/MHz)
	−137.5
	−137.5

	Polarization
	V, H or both
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[bookmark: _Ref498697955]Figure 2. Frequency band 26 GHz, antenna size: 0.6m diameter [14].

In order to compute a link budget to estimate the jammer level at the UE, we need to analyse a specific scenario. We assume that the fixed link is operating between two buildings and a UE receiving at ground level sees the aggressor antenna at 20° offset compared to the peak direction. A pictorial representation of the scenario under analysis is shown in Figure 3. Considering a distance of 10m from the aggressor transmitter, free space path loss is about 80dB, so a minimum coupling loss analysis gives the following received level at UE:
[bookmark: _GoBack]UE rx blocking power = 70dBm (max EIRP) – 80dB (pathloss) – 40dB (antenna discrimination) = -50dBm 
In the calculation above we did not include any blockage loss (hand/body), nor UE antenna discrimination, as a consequence received power could be even lower. Based on the above observations, we make the following proposal:
Observation 2: UE blocking requirement for protection against fixed services should be in the -50~-45dBm ballpark.
However, given the low level of the blocker, whether this requirement is needed or not should be further discussed.
Proposal 5: In RAN4 NR Ad Hoc #4, it should be decided whether UE OOB blocking requirements for Range 2 NR is needed.
In case RAN4 decides that an OOB blocking requirement is needed, similarly to what done for LTE, the exception for spurious response frequencies should also be discussed. In particular, number of exceptions and spurious response should be decided together with the OOB blocking requirement.
Proposal 6: If RAN4 decides to define an OOB blocking requirement for range 2, the requirements should be defined by considering the number of exception for spurious response and the spurious response requirement.
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[bookmark: _Ref498699041]Figure 3. Pictorial representation of the scenario under analysis.

Conclusions
In this contribution we focused on the UE OOBB requirement for range 2 NR. Given current approach adopted for ACS and IBB, we made the following observation and proposals:
Observation 1: For range 2 NR, the region covered by in-band blocking requirements spans from FDL_low-2∙BW to FDL_high+2∙BW
Proposal 1: for single carrier NR in Range 2, OOBB receiver requirements are defined below FDL_low-2∙BW and above FDL_high+2∙BW.
Proposal 2: for intra-band contiguous CA NR in Range 2, OOBB receiver requirements are defined below FDL_low-2∙BWagg and above FDL_high+2∙BWagg, where BWagg is the aggregated channel BW.
Proposal 3: for intra-band non-contiguous CA NR in Range 2, OOBB receiver requirements are defined below FDL_low-2∙BWmax and above FDL_high+2∙BWmax, where BWmax is the largest channel BW across the component carriers.
Proposal 4: for inter-band CA NR in Range 2, OOBB receiver requirements are defined below FDL_low-2∙BW and above FDL_high+2∙BW and apply to each component carrier.
We also discussed the OOB jammer level for protection against fixed services, which are considered typical systems operating in mmW. Based on a simple minimum coupling loss analysis, we made the following observation and proposals:
Observation 2: UE blocking requirement for protection against fixed services should be in the -50~-45dBm ballpark.
However, whether this requirement is needed or not should be further discussed.
Proposal 5: In RAN4 NR Ad Hoc #4, it should be decided whether UE OOB blocking requirements for Range 2 NR is needed.
In case RAN4 decides that an OOB blocking requirement is needed, similarly to what done for LTE, the exception for spurious response frequencies should also be discussed. In particular, number of exceptions and spurious response should be decided together with the OOB blocking requirement.
Proposal 6: If RAN4 decides to define an OOB blocking requirement for range 2, the requirements should be defined by considering the number of exception for spurious response and the spurious response requirement.
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