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1. Introduction
At the last RAN4 meeting (RAN4#92 in Ljubljana) background information for BS out-of-band blocking requirement was captured in draft TR 38.820. The information approved last meeting [5] was a result of a quick merger of information from multiple contributions [1, 2, 3, 4]. Currently, the information is focusing on interferer signal aspects and OTA requirements only.  In this contribution a full summary capturing details for both the wanted signal and the interferer signal for all NR BS types.
At the end of this contribution a text proposal is attached with additional information about receiver out-of-band blocking aspects to consider when requirements are defined in the WI phase. The test proposal is presented for approval. 
This is a revised version of R4-1911835.

2. Discussion
Introducing base station requirement within the frequency range 7 to 24 GHz, two challenges with respect to out-of-band receiver blocking requirement have been identified;
1. How to define the wanted signal power level.
2. How to define the interferer signal power level.
The details for how the wanted signal level and interferer signal level is specified varies between different NR BS types. In general, the technical background for FR1 BS types are common, the main difference is that the conducted levels have been transformed to OTA levels for BS type 1-O. For FR2, the requirement was derived based on different parameter assumptions. 
For the new bands introduced between FR1 and FR2, RAN4 needs to consider what concept that is most suitable for a specific band to be introduced between 7 GHz to 24 GHz. 
The out-of-band blocking requirement relies on the sensitivity as reference. 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 bandwidth to be supported for the frequency range 7 GHz to 24 GHz.
There are currently three different NR concepts for how the out-of-band 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

	Wanted signal power
(dBm)
	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.
For the frequency range 7 to 24 GHz, the selection of wanted signal power can be concluded as listed in Table 2-2.
Table 2-2: Wanted signal characteristics for 7 to 24 GHz
	BS type

	Wanted signal power
(dBm)
	Wanted signal 
(dBm)

	-C, -H
	PREFSENS + 6 dB
	NA

	-O
	NA
	TBD + 6 dB



The interferer signal is defined as function of the operating band (FUL,low, FUL,high) as described in Table 2.3 and exclusion zones (ΔfOOB) as described in Table 2-4. The parameters FUL,low and FUL,high defines the size of an operating band, according to TS 38.104, subclause 5.2 for currently defined NR bands.
Table 2-3: Interferer signal characteristics
	BS type

	Frequency range of interferer signal 
(MHz)
	Interferer level at TAB
(dBm)
	Interferer RMS field-strength at RIB 
(V/m)

	1-C, 1-H
	30 to FUL,low – ΔfOOB
	-15 
	NA

	1-C, 1-H
	FUL,high + ΔfOOB to 12750
	-15
	NA

	1-O
	30 to FUL,low – ΔfOOB 
	NA
	0.36

	1-O
	FUL,high + ΔfOOB to 12750
	NA
	0.36

	2-O
	30 to 12750
	NA
	0.36

	2-O
	12750 to FUL,low – ΔfOOB
	NA
	0.10

	2-O
	[bookmark: _Hlk13034283]FUL,high + ΔfOOB  to flimit
	NA
	0.10

	Note: Where flimit is the 2nd harmonic of the upper frequency edge of the operating band.



For BS type 1-C and BS type 1-H, -15 dBm corresponds to 0.36 V/m, assuming 30 m separation between victim and aggressor, 2 GHz carrier frequency and 17 dBi antenna gain. For BS type 2-O, the background parameters were set to 55 dBm main-beam EIRP, 13 dB side-lobe level suppression, 200 m distance between victim and aggressor. Based on the assumption that the main beam of the aggressor points towards UEs the EIRP towards the victim is 42 dBm, which results in 0.1 V/m at the victim base station. The interferer signal level is visualised for BS type 2-O in Figure 2-1.   
[image: ]
Figure 2-1: BS type 2-O interferer signal level as function of frequency 
For BS type 1-O, the interferer signal is defined in two regions; one below the supported operating band and one above the operating band. For BS type 2-O, the interferer signal is defined in three different regions; The 30 to 12750 MHz region, below the operating band and above the operating band. The exclusion zones around an operation band is a region below and above the operating band, where the out-of-band blocking requirement is not defined. The sizes of the exclusion zones vary as function of the size of the operating band as described in Table 2-3. 
Table 2-4: Interferer signal characteristics
	BS type

	Operating band characteristics 
(MHz)
	ΔfOOB 
(MHz)

	1-C, 1-H, 1-O
	FUL,high – FUL,low < 100
	20

	1-C, 1-H, 1-O
	100 ≤ FUL,high – FUL,low ≤ 900
	60

	2-O
	FUL_high – FUL_low ≤ 3250 
	1500



It can be noticed that the interferer signal level is shifting from 0.36 V/m to 0.1 V/m above 12.75 GHz for base station operating within FR2. This solution allows for having FR1 base station and FR2 base station deployed simultaneously in the same geographical area. 
Introducing requirements for the frequency range between FR1 and FR2, aspects related to compatibility between already deployed system and newly introduced requirements for 7 to 24 GHz needs some careful considerations. Instead of defining an interferer level between 0.36 V/m and 0.1 V/m, it would be better to adopt current levels as a base line for the frequency range 7 to 24 GHz. 
Since base stations are type approved as BS type 1-O and BS type 2-O and already deployed in networks it would be difficult to change current FR1 and FR2 interferer levels. 
Introducing a new level between 0.1 V/m and 0.36 V/m for the frequency range 7-24 GHz would create the following issues;
1. The interferer level would be lower than already defined for FR1 from 7125 to 12750 MHz. That would indicate that the specification is relaxed for base station designed to operate within 7 to 24 GHz compared with base station designed to operate within FR1.
2. The interferer level would be higher than already defined for FR2 from 12750 to 24250 MHz. That would indicate that the requirement for base stations operating within FR2 is to weak. 
A solution is to adopt the levels already defined for FR1 and FR2, listed in Table 2-2 for the frequency range 7 to 24 GHz, as showed in Figure 2-2.
[image: ]
Figure 2-2: Out-of-band blocking interferer level as function of frequency 
If an operating band falls over the transition frequency 12.75 GHz and exception is made for that specific band. The exception allows to apply 0.36 V/m below FUL,low – ΔfOOB and 0.1 V/m above FUL,high + ΔfOOB. The interferer signal level can then be described as following in Table 2.5.










 Table 2-5: Interferer signal characteristics for base station operating within 7-24 GHz
	BS type

	Frequency range of interferer signal 
(MHz)
	Interferer level at TAB
(dBm)
	Interferer RMS field-strength at RIB 
(V/m)

	-C, -H
	30 to 7125
	-15
	NA

	-C, -H
	7125 to FUL,low – ΔfOOB
	[-15]
	NA

	-C, -H
	FUL,high + ΔfOOB to 12750
	[-15]
	NA

	-C, -H
	12750 to 24250
	[-15]
	NA

	-C, -H
	24250 to flimit
	TBD
	NA

	-O
	30 to 7125
	NA
	0.36

	-O
	7125 to 12750
	NA
	[0.36]

	-O
	12750 to FUL,low – ΔfOOB
	NA
	[0.10]

	-O
	FUL,high + ΔfOOB  to 24250
	NA
	[0.10]

	-O
	24250 to flimit
	NA
	0.10

	Note 1: Where flimit is TBD.
Note 2: For base stations operating within 7 to 24 GHz ΔfOOB is TBD.



From Table 2-4, the following open issues have been identified;
1. Confirm that -15 dBm can be used for type -C and -H requirements between 7125 to FUL,low – ΔfOOB MHz.
2. Confirm that -15 dBm can be used for type -C and -H requirements between FUL,high + ΔfOOB to 12750 MHz.
3. Confirm that -15 dBm can be used for type -C and -H requirements between 12750 to 24250 MHz.
4. Confirm that 0.36 V/m can be used for type -O requirements between 7125 to 12750 MHz.
5. Confirm that 0.10 V/m can be used for type -O requirements between 12750 to FUL,low – ΔfOOB MHz.
6. Confirm that 0.10 V/m can be used for type -O requirements between FUL,high + ΔfOOB to 24250 MHz.
7. In the WI phase define conducted interferer level for the frequency range 24250 to flimit MHz for type -C and -H requirements.
8. In the WI phase define the upper frequency limit for receiver blocking, flimit MHz.
9. In the WI phase define the exclusion zone size, ΔfOOB MHz.


3. Conclusion
The receiver blocking requirement relies on specifying wanted signal parameters and blocker interferer signal parameters. In this contribution all details relevant for wanted signal and interferer signal for all NR BS types have been summarised and open issues relevant for the frequency range 7 to 24 GHz have been identified. 
At the end of this contribution a text proposal is attached. The text proposal updates the technical background information relevant for FR1 and FR2 as well as improving the technical issues to resolve later in the WI phase when requirements for a specific band will be created.    
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[bookmark: _Toc18467519]7.4.2.2	Out-of-band blocking requirements
7.4.2.2.1	General
The out-of-band blocking requirement relies on the sensitivity as reference. 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 bandwidth to be supported for the frequency range 7 GHz to 24 GHz.
[bookmark: _Toc18467520]7.4.2.2.2	Background
There are currently three different NR concepts for how the out-of-band blocking requirement is defined with respect to the wanted signal power used as reference for the requirement, see Table 7.4.2.2.2-1. 
Table 7.4.2.2.2-1: Wanted signal characteristics
	BS type

	Wanted signal conducted power
(dBm)
	Wanted signal EIS
(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 conducted requirement defined for Bs type 1-C and 1-H is only defined for FR1. It is based on the analysis done for UTRA BS and the derivation of the -15 dBm conducted interferer level is based on interference analysis showing that worst case interference is from other BS at approximately the same frequency.
For simplicity, it is treated as the worst case and applied to the whole test frequency range up to 12.75 GHz which is shown below as figure 7.4.2.2.2-1. 
The OTA requirement is defined for both FR1 and FR2 which are concluded below in table 7.4.2.2.2-2 and it can be found that a discontinuity point of the FR2 requirement occurs at 12.75 GHz. 

Table 7.4.2.2.2-2: Interferer signal characteristics 
	BS type

	Frequency range of interferer signal 
(MHz)
	Interferer level at TAB/antenna connector
(dBm)
	Interferer RMS field-strength at RIB 
(V/m)
	Type of interfering signal

	1-C, 1-H
	30 to FUL,low – ΔfOOB
	-15 
	NA
	CW

	1-C, 1-H
	FUL,high + ΔfOOB to 12750
	-15
	NA
	CW

	1-O
	30 to FUL,low – ΔfOOB 
	NA
	0.36
	CW

	1-O
	FUL,high + ΔfOOB to 12750
	NA
	0.36
	CW

	2-O
	30 to 12750
	NA
	0.36
	CW

	2-O
	12750 to FUL,low – ΔfOOB
	NA
	0.10
	CW

	2-O
	FUL,high + ΔfOOB  to flimit
	NA
	0.10
	CW

	Note: Where flimit is the 2nd harmonic of the upper frequency edge of the operating band.




The interferer signal level 0.36 V/m from 30 MHz to 12750 MHz is based on the calculation of -15 dBm conducted interferer signal level at frequency 2000 MHz, 17 dBi antenna gain and a distance between aggressor and victim of 30 m. 
The EIRP at the aggressor is then calculated as:
	EIRP = Prx – Gant + FSPL(30m) = -15dBm – 17dBi + 68dB(frequency=2000 MHz, FSPL 30m)  = 36 dBm
, where the aggressor EIRP level in linear scale is then converted to an RMS field strength level at the victim base station as:

[image: ]
Figure 7.4.2.2-1 OOB blocking requirement from 30 MHz to 12.75 GHz
For FR2 study has been carried out at sample frequency 26 GHz andrequirements the blocking signal is calculated toas 0.1 V/m and applied to the whole frequency range as shown below in figure 7.4.2.2.1-2. Note when FR2 requirements were derived no systems between 7 to 24 GHz were considered.
[bookmark: _GoBack]The aggressor out of band BS is considered to have a total power of 29 dBm, an antenna gain of 26 dBi hence an EIRP of 55 dBm. As the aggressor main beam is pointed at UE’s at the ground, an aggressor side lobe suppression level of 13 dB to get the aggressor signal pointing toward the victim is considered.
With the interferer at a distance of 200 m this gives an interfering field strength of:

In figure 7.4.2.2.2-1, the interferer signal level is plotted for FR1 and FR2.

[image: ]
Figure 7.4.2.2.2-1: OOB blocking interferer level 
[bookmark: _Toc18467521]7.4.2.2.3	Technical considerations
When developing out-of-band blocking requirements for base stations operating within the frequency range 7 to 24 GHz RAN4 needs to consider requirements defined for FR1 and FR2. In table 7.4.2.2.3-1, the wanted signal characteristics is captured. 
Table 7.4.2.2.3-1: Wanted signal characteristics for base stations operating within 7 to 24 GHz
	BS type

	Wanted signal power
(dBm)
	Wanted signal
(dBm)

	-C, -H
	PREFSENS + X dB
	NA

	-O
	NA
	EIS + Y dB

	Note: Where X and Y will be defined in the WI phase.



, where PREFSENS and EIS will be defined in the WI phase.
In figure 7.4.2.2.3-1, the interferer level for frequencies outside the range 7125 MHz to 24250 MHz is plotted. The interferer level between 7125 MHz to 24250 MHz will be defined in the WI phase.
[image: ]
Figure 7.4.2.2.3-1: Baseline for interferer signal level
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