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1. Introduction
At the last RAN4 meeting (RAN4#93 in Reno) technical background information was included in the IAB technical report [1]. Following the IAB WI time schedule it is time to start to capture detailed technical background information about all requirements in the technical report [1]. The intension with the technical report is to capture the technical background and decision made relevant for the requirement definition before starting to create the specification. But for the IAB WI RAN4 have ended up in a situation where the technical report is created in parallel with the technical specification.  
At last meeting, initial examples of draft specification text relevant for reference sensitivity were presented in [2]. The out-of-band blocking requirement is based on reference sensitivity with the addition of an out-of-band interferer signal. In a companion contribution [3] the technical background information relevant for IAB-Node reference sensitivity requirement have been collected for discussion. Based on reference sensitivity the requirement to capture IAB-Node out-of-band receiver blocking requirement can be created. In this contribution the technical background information for IAB-Node out-of-band receiver blocking have been collected, based on current specifications. 
In companion contributions [4, 5] a text proposal with technical background information relevant for an IAB-Node out-of-band receiver blocking requirement have been created for the technical report have been created together with draft specification text for the IAB-Node RF core specification. 

2. Discussion
The out-of-band receiver blocking characteristics is a measure of the receiver ability to receive a wanted signal at its assigned channel in the presence of an unwanted interferer out of the operating band, which is a CW signal for out-of-band blocking.
The IAB-Node is a network node; hence it is reasonable to use the BS requirement as a starting point for developing out-of-band receiver blocking requirements for the IAB-Node. 
The out-of-band receiver blocking requirement relies on the sensitivity as reference. For compliance with the out-of-band receiver blocking requirement the base station is illuminated with a wanted signal and an interferer signal at the same time maintaining specified link quality. Hence, the FRC used for conformance testing must support the carrier bandwidths to be supported for the IAB-Node. 
There are currently three different NR concepts used for base station for how the out-of-band receiver blocking requirement is defined with respect to the wanted signal power used as reference for the requirement, see Table 2-1. 
Table 2-1: Wanted signal characteristics
	BS type

	Conducted wanted signal power
(dBm)
	OTA wanted signal EIRL
(dBm)

	1-C, 1-H
	PREFSENS + 6 dB
	NA

	1-O
	NA
	EISminSENS + 6 dB

	2-O
	NA
	EISREFSENS_50M + 6 dB



For BS type 1-C and BS type 1-H, reference sensitivity (PREFSENS) is used as reference for out-of-band receiver blocking. For BS type 1-O, the minimum sensitivity (EISminSENS) relating to the full array antenna sensitivity is used as reference while for BS type 2-O, the reference sensitivity (EISREFSENS) relating to the sub-element sensitivity is used as reference.
The out-of-band receiver blocking requirement for the IAB-Node is based on the BS requirement. In Section 2.1 and Section 2.2, the technical background is summarized. 

2.1	Conducted requirement
The conducted IAB-Node out-of-band blocking requirements are defined outside the frequency region of the operating band with addition of exclusion ranges around the band. The exclusion range depends on the operating band size and IAB-type.

2.1.1	Requirement definition
The out-of-band blocking characteristics is a measure of the receiver ability to receive a wanted signal at its assigned channel at the antenna connector for IAB type 1-C or TAB connector for IAB type 1-H in the presence of an unwanted interferer out of the operating band, which is a CW signal for out-of-band blocking. The exclusion range, foob is defined in Table 2.1.1-1.
Table 2.1.1-1: ΔfOOB offset for NR operating bands
	IAB type
	Operating band characteristics
	ΔfOOB (MHz)

	IAB type 1-C
	FUL,high – FUL,low ≤ 200 MHz
	20

	
	200 MHz < FUL,high – FUL,low ≤ 900 MHz
	60

	IAB type 1-H
	FUL,high – FUL,low < 100 MHz
	20

	
	100 MHz ≤ FUL,high – FUL,low ≤ 900 MHz 
	60



2.1.2	Minimum requirement
The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel, with a wanted and an interfering signal coupled to IAB type 1-C antenna connector or IAB type 1-H TAB connector using the parameters in Table 2.1.2-1. The reference measurement channel for the wanted signal is identified for the reference sensitivity requirement for each IAB channel bandwidth.
The out-of-band blocking requirement apply from 1 MHz to FUL,low - ΔfOOB and from FUL,high + ΔfOOB up to 12750 MHz, including the downlink frequency range of the FDD operating band for IAB supporting FDD. The ΔfOOB for IAB type 1-C and IAB type 1-H is defined in Table 2.1.2-1.
Minimum conducted requirement is defined at the antenna connector for IAB type 1-C and at the TAB connector for BS type 1-H.
For a multi-band connector, the requirement in the out-of-band blocking frequency ranges apply for each operating band, with the exception that the in-band blocking frequency ranges of all supported operating bands shall be excluded from the out-of-band blocking requirement.
Table 2.1.2-1: Out-of-band blocking performance requirement for NR
	Wanted Signal mean power 
(dBm)
	Interfering Signal mean power 
(dBm)
	Type of Interfering Signal

	PREFSENS +6 dB
(Note)
	-15 
	CW carrier




2.1.3	Co-location requirement
This additional blocking requirement may be applied for the protection of IAB receivers when GSM, CDMA, UTRA, E-UTRA or NR BS operating in a different frequency band are co-located with a NR IAB-Node. The requirement is applicable to all IAB channel bandwidths supported by the NR IAB-Node.
The requirements in this clause assume a 30 dB coupling loss between interfering transmitter and IAB-Node receiver and are based on co-location with base stations or IAB-Node of the same class.
The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel, with a wanted and an interfering signal coupled to IAB type 1-C antenna connector or BS type 1-H TAB connector input using the parameters in Table 2.1.3-1 for all the BS classes. 
The blocking requirement for co-location with IAB in other bands is applied for all operating bands for which co-location protection is provided.
Minimum conducted requirement is defined at the antenna connector for IAB type 1-C and at the TAB connector for IAB type 1-H.
Table 2.1.3-1: Blocking performance requirement for NR IAB when co-located with IAB in other frequency bands
	Frequency range of interfering signal
	Wanted signal mean power for WA IAB-Node 
(dBm)
	Interfering signal mean power for WA IAB-Node 
(dBm)
	Interfering signal mean power for MR IAB-Node 
(dBm)
	Interfering signal mean power for LA IAB-Node 
(dBm)
	Type of interfering signal

	Frequency range of co-located downlink operating band
	PREFSENS +6dB
(Note 1)
	+16
	+8
	x (Note 2)
	CW carrier

	NOTE 1:	PREFSENS depends on the IAB-Node channel bandwidth.
NOTE 2:	x = -7 dBm for IAB-Node co-located with Pico GSM850 or Pico CDMA850
x = -4 dBm for IAB-Node co-located with Pico DCS1800 or Pico PCS1900
x = -6 dBm for IAB-Node co-located with UTRA bands or E-UTRA bands or NR bands
NOTE 3:	The requirement does not apply when the interfering signal falls within any of the supported uplink operating band(s) or in ΔfOOB immediately outside any of the supported uplink operating band(s).




2.2	OTA requirement
For the OTA out-of-band receiver blocking requirement, field-strength is used as figure of merit for the interferer signal, while for the wanted signal EIS is used. The background for the requirement is different for FR1 and FR2 as described in Section 2.2.1 and Section 2.2.2.  

2.2.1	IAB type 1-O
The technical background for OTA out-of-band receiver blocking requirement derivation for NR is the same as that for AAS and is documented in 3GPP TR 37.843, in summary the OTA out of band blocking is difficult to translate directly from the conducted out of band blocking requirement as;
-	The gain characteristics of an antenna is not known in the out-of-band frequency region.
-	The free space path-loss at high frequencies (i.e. up to 12.75 GHz) means that the radiated power levels required to provide -15 dBm at conducted point are unfeasibly high.
Clearly the interferers are present irrespective of the victim antenna gain, the original levels assumed that the victim antenna gain was the same as the in-band gain, this assumption is not required when considering an OTA requirement and the interferer levels can be represented as a field strength at the antenna array.
The aggressor EIRP is derived from the conducted out-of-band interfere level, the in-band antenna gain assumption and distance between the victim and aggressor as:
		(Eq. 2.2.1-1)
, where Prx is the interferer level in dBm, Gant is the antenna gain in dBi and FSPL is the free-space pathloss in dB.
The requirement RMS field strength level in V/m is calculated as:
		(Eq. 2.2.1-2)
, where r is the distance between the aggressor and the victim. 
With the following parameter assumptions:
r=30 m
Prx=-15 dBm
Gant=17 dBi
f=2 GHz
, the requirement level can be determined to 0.36 V/m. The requierment exclusion frequency range is defined in Table 2.2.1-1.
Table 2.2.1-1: ΔfOOB offset for NR operating bands in FR1
	IAB type
	Operating band characteristics
	ΔfOOB (MHz)

	IAB type 1-O
	FUL,high – FUL,low < 100 MHz
	20

	
	100 MHz ≤ FUL,high – FUL,low ≤ 900 MHz 
	60



From the above technical background, the out-of-band receiver blocking requirement can be defined.

2.2.1.1	Minimum requirement
The requirement shall apply at the RIB when the AoA of the incident wave of the received signal and the interfering signal are from the same direction and are within the minSENS RoAoA.
The wanted signal applies to each supported polarization, under the assumption of polarization match. The interferer shall be polarization matched in-band and the polarization maintained for out-of-band frequencies.
For OTA wanted and OTA interfering signals provided at the RIB using the parameters in table 2.2.1.1-1, the following requirements shall be met:
-	The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel. The reference measurement channel for the OTA wanted signal is identified for reference sensitivity for each IAB channel bandwidth. 
For a multi-band RIB, the OTA out-of-band requirement shall apply for each supported operating band, with the exception that the in-band blocking frequency ranges of all supported operating bands shall be excluded from the OTA out‑of‑band blocking requirement.
For IAB type 1-O the OTA out-of-band blocking requirement apply from 30 MHz to FUL,low - ΔfOOB and from FUL,high + ΔfOOB up to 12750 MHz, including the downlink frequency range of the FDD operating band for IAB-Node supporting FDD. The ΔfOOB for IAB type 1-O is defined in table 2.2.1.1-1.
Table 2.2.1-2: OTA out-of-band blocking performance requirement
	Wanted signal mean power 
(dBm)
	Interfering signal RMS field-strength 
(V/m)
	Type of interfering Signal

	EISminSENS + 6 dB
 (Note 1)
	0.36
	CW carrier




2.2.1.2	Co-location requirement
This additional OTA out-of-band blocking requirement may be applied for the protection of IAB-Node receivers when NR, E‑UTRA BS, UTRA BS, CDMA BS or GSM/EDGE BS operating in a different frequency band are co-located with a IAB-Node.
The requirement is a co-location requirement. The interferer power levels are specified at the co-location reference antenna conducted input. The interfering signal power is specified per supported polarization.
The requirement is valid over the minSENS RoAoA.
For OTA wanted and OTA interfering signal provided at the RIB using the parameters in table 2.2.1.2-1, the following requirements shall be met:
-	The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel. The reference measurement channel for the OTA wanted signal is identified for reference sensitivity for each IAB channel bandwidth.
For IAB type 1-O the OTA blocking requirement for co-location with BS or IAB in other frequency bands is applied for all operating bands for which co-location protection is provided.
Table 2.2.1.2-1: OTA blocking co-location requirement
	Frequency range of interfering signal
	Wanted signal mean power (dBm)
	Interfering signal mean power for WA IAB-Node (dBm)
	Interfering signal mean power for MR IAB-Node (dBm)
	Interfering signal mean power for LA IAB-Node (dBm)
	Type of interfering signal

	Frequency range of co-located downlink operating band
	EISminSENS + 6 dB
 (Note 1)
	+46
	+38
	+24
	CW carrier

	NOTE 1:	EISminSENS depends on the IAB-Node class and on the IAB channel bandwidth.
NOTE 2:	The requirement does not apply when the interfering signal falls within any of the supported uplink operating band(s) or in ΔfOOB immediately outside any of the supported uplink operating band(s).




2.2.2	IAB type 2-O
The blocking interferer for FR1 is defined from 30 MHz to 12.75 GHz at a level of 0.36 V/m, as the interferer level is based on the aggressors in the same geographical area rather than the victim the FR2 BS will be subjected to the same interference levels over this frequency range.
Out of band blocking requirements are based on analysis of interferers in the specified frequency region, for FR1 the largest interfering signals have been other BS or IAB-Node and hence out of band blocking levels are based on the co-existence in the same geographical area with other 3GPP systems. 
The aggressor is considered to have a total radiated power of 29 dBm, an antenna directivity of 26 dBi hence an EIRP in the main beam of 55 dBm. As the main beam peak is pointed at UE’s on the ground then when considering the interference at a victim BS there is a down tilt loss LDT equal to 13 dB considered. Hence, the aggressor EIRP pointing towards the victim is calculated in dBm as:
	(Eq. 2.2.2-1)
With the interferer at a distance equal to 200 m, the field strength level can be calculated to 0.1 V/m using Eq. 2.2.1-2.
The core requirement is defined from 12.57 GHz to 2nd harmonic of the upper frequency edge of the operating band excluding the operating band +/- 1.5 GHz. The requierment exclusion frequency range is defined in Table 2.2.2-1.
Table 2.2.2-1: ΔfOOB offset for NR operating bands in FR2
	BS type
	Operating band characteristics
	ΔfOOB (MHz)

	BS type 2-O
	FUL_high – FUL_low ≤ 3250 MHz
	1500



2.2.2.1	Minimum requirement
The requirement shall apply at the RIB when the AoA of the incident wave of the received signal and the interfering signal are from the same direction and are within the OTA REFSENS RoAoA.
The wanted signal applies to each supported polarization, under the assumption of polarization match. The interferer shall be polarization matched in-band and the polarization maintained for out-of-band frequencies.
For IAB type 2-O the OTA out-of-band blocking requirement apply from 30 MHz to FUL,low – 1500 MHz and from FUL,high + 1500 MHz up to 2nd harmonic of the upper frequency edge of the operating band.
For OTA wanted and OTA interfering signals provided at the RIB using the parameters in table 2.2.2.1-1, the following requirements shall be met:
-	The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel. The reference measurement channel for the OTA wanted signal is identified for reference sensitivity for each IAB channel bandwidth.
Table 2.2.2.1-1: OTA out-of-band blocking performance requirement
	Frequency range of interfering signal
(MHz)
	Wanted signal mean power
(dBm)
	Interferer RMS field-strength
(V/m)
	Type of interfering signal

	30 to 12750
	EISREFSENS + 6 dB
	0.36
	CW

	12750 to FUL,low – 1500
	EISREFSENS + 6 dB
	0.1
	CW

	FUL,high + 1500 to 2nd harmonic of the upper frequency edge of the operating band
	EISREFSENS + 6 dB
	0.1
	CW




[bookmark: _GoBack]
3. Conclusion
In this contribution the technical background for IAB out-of-band blocking requirements is collected as well as the definition of minimum requirements for conducted and OTA requirements.   
The intension with this contribution is to get feedback on the technical background and proceed to capture and relevant information in the technical report. 
Since the IAB-Node is a network node, it is reasonable to assume that the IAB-Node would experience the same level of out-of-band blocking interferer signal as a BS. Hence, the BS out-of-band blocking requirement is a good starting point for developing requirement for the IAB-Node. 
In parallel, companion contributions with text proposals the technical report [4] and the technical specification [5] have been prepared for FR2 out-of-band blocking requirement. 
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