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1. Introduction

At the last RAN4 meeting (RAN4#85 in Reno) the first version of the NR BS RF core specification (TS 38.104) was finalized. In this version of the specification an OTA requirement for 1-O was defined. However, for 2-O, no requirement for receiver blocking have been defined. 
For any radio receiver, the ability to reject out-of-band interferer signals is an essential characteristic guarantying co-existence with other cellular radio networks and other services. Therefore, RAN4 should find a relevant and testable OTA RX OOB blocking requirement for base stations operating within FR2.

This contribution continues the discussion on interferer levels to be considered for FR2 NR base stations. The intension with this contribution is to stimulate the discussion and collect background information, later to be included in TR 38.817-02.
2. Discussion

For NR FR1 base stations the receiver out-of-band interferer signal level have been set by describing radiating characteristics and distance to the aggressor. Currently, the interferer level is defined as EIRP = 36 dBm at a distance of 30 m. This requirement is based on legacy, where the power level at the TAB connectors is specified to -15 dBm. Unlike, base station operating within FR1, base stations operating within FR2 does not give access to TAB, not even by adding test cables or probes. The access to the physical TAB does not really exist in a multilayer substrate carrying both antennas and active components. Therefore, for RF core requirements new OTA parameters are required.   
For OTA sensitivity, a new parameter called EIS was introduced. EIS is describing the power for a wanted impinging signal that corresponds to a specified link quality threshold. However, for interferer signals RAN4 need to define a parameter not associated to a link quality property. Therefore, a new parameter is proposed for interferer signals in the OTA domain, called Equivalent Isotropic Received Level (EIRL). The parameter is defined as:

EIRL = EIRP – FSPL in dBm
(Equation 1)

, where EIRP is the radiated power by an aggressor base station and FSPL in the free space path-loss, described in a companion contribution [1].

EIRL is very closely related to the RMS field-strength caused by the impinging interferer signal. EIRL can be expressed as a function of wavelength in m and EIS in dBm as:

EIRL = 20log(E) + 20log() – 6.8  in dBm
(Equation 2)   

The consequence of having a RMS E-field level fixed is that the EIRL will vary over frequency. Hence, at the RIB (in the OTA domain), the interferer signal level can be specified by E or EIRL, as long as Equation 2 is fulfilled both parameters given the same level of blocking signal. 

The approach to specify a fixed field-strength level over frequency in FR1 would lead to field-strength to be used as parameter for the RF core requirement and the conformance test requirement. However, EIRL have its beauty when it comes to OTA testing and specially when a test range is calibrated. Therefore, it is clear that Equation 2 needs to be captured in the conformance test specification under the assumption that E is selected as parameter for the RF core requirement. 

In Figure 2-1, a principle architecture for the up-link of an AAS base station is visualized. As a reference, OTA parameters are captured as well as the RIB and also the Virtual TAB.  
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Figure 2-1: AAS uplink principle architecture
By defining the requirement based on field-strength would make the RF core requirement agnostic to the test equipment, instead focusing on the base station in a black-box fashion.

For FR1 base stations the interferer level was derived from characteristics related to a legacy base station using a passive base station antenna. However, for FR2, we don’t have any legacy requirement to fall back too. Therefore, another approach to derive the requirement is necessary. Based on a simple analysis of different types of aggressors, the field-strength impinging at the victim base station can be analysed. 
It is important that it is not only the radiated power that is of interest when potential aggressors are identified. Also, other parameters such as mounting height and deployment density. It is not likely that the aggressor all the time directs its full power into the bore-sight of the victim base station. Another aspect to consider it the signal time domain properties associated with the aggressor. For some aggressor the signal could be pulsed, while for other they could be continuing. It is reasonable from a 3GPP perspective to assume that finding the aggressor with most impact on the victim, systems operating very close to the victim operating frequency, such as other FR2 base stations in a cellular network is considered first. 
Therefore, the continuing analysis is focusing on a scenario where two FR2 networks is operating within the same area. In Figure 2-2, a simplified scenario of an aggressor base station and a victim base station is visualized. 
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Figure 2-2: Overview of interferer levels and frequency coverage
It is here assumed that the aggressor base station is operating at FR2 band A and the victim base station is operation at FR2 band B. They are both mounted at a height of h m in masts separated r m, and UEs are located at the ground. 

For FR2 base station the main beam will be directed towards UE to maximize DL/UL SNR. Therefore, the aggressor base station will generate an interfering signal towards the victim base station. The interfering signal EIRP is not equal to the peak EIRP. Instead it would be more relevant to consider the side-lobe EIRP level of the aggressor base station. Instead of a statistical analysis of the side-lobe levels seen by the victim, a fixed side-lobe level is assumed. 

The side-lobe level produced by a AAS base station is determined by the specific design of the array antenna. In this case it can be assumed that the aggressor is designed based on a Uniform Rectangular Array (URA) with element separation 0.5. For such array antenna excited with linear phase and uniform amplitude, the level of the first side lobe is 13 dB below the main beam level. Using 0.5 separation then the grating lobes are outside the visible region, hence scan-loss due to steering can be neglected. 

Since the UE location is not really known, a simple solution would be to set a fixed side-lobe level based on the first side-lobe as a worst-case level. With this approach we can remove further considerations on UE placement. 
From the given scenario the aggressor interferer level can be calculated as:
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(Equation 3)
Assuming a peak EIRP=55 dBm at the aggressor base station and SLS=13 dB, the worst-case interferer EIRP level towards the victim base station is calculated to 42 dBm. The next step is to assume a relevant value for the separation between the aggressor and the victim base station. Here, the separation is assumed to be 200 m. 

The field-strength of the impinging wave at the victim can now be determined using the equation from [2] as:
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(Equation 4)

The field strength of the impinging interferer signal at the victim base station is calculated to 0.1 V/m. 

It is reasonable to say that this level is sufficient for the blocker interferer signal for out-of-band blocking for FR2. However, for frequencies from 30 MHz to 12.75 GHz, the FR1 requirement level of 0.36 V/m can be considered. In Figure 2-3, the FR1 requirement level and the preliminary requirement level for FR2 is plotted. The analysis in this contribution is based on aggressor operating within FR2, therefore the region between FR1 and FR2 and above FR2 is dashed. 
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Figure 2-3: Interferer level as function of frequency

From the levels presented in Figure 2-3, the interfering signal for out-of-band receiver blocking can be described as showed in Table 2-1. The requirement is specified per band allowing for specific interferer levels per band within FR2 if required. 
Table 2-1: Blocking performance requirement 

	Operating Band
	Frequency


	Interferer level


	Type of interfering signal

	n257, n258
	30-12750 MHz
	0.36 V/m
	CW

	
	12750-2nd harmonic MHz
	0.1 V/m
	CW

	n260
	30-12750 MHz
	0.36 V/m
	CW

	
	12750-2nd harmonic MHz
	[0.1 V/m]
	CW


3. Conclusion

Based on analysis of potential blockers for FR2 base station a proposal for OTA receiver out-of-band blocking requirement for further considerations have been created. The proposal consists of two levels covering low frequency and high frequencies as described in Table 2-1. The intension with this proposal in this contribution is to stimulate the discussion on how to define a OTA receiver out-of-band blocking requirement for FR2 base stations in TS 38.104, sub-clause 10.6.
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