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1. Introduction

At the last RAN4 meeting (RAN4#86 in Athens) it was agreed to improve the OTA OOB RX blocking requirement for eAAS in 37.105 and NR 1-O in TS 38.104. Instead of having the interferer signal level defined as an EIRP level at a distance, now field-strength is used as parameter. Also, at the same meeting background information related to FR2 was presented. For 1-C, 1-H and 1-O, general requirement as well as co-location requirements are defined. So far, there is no requirements for OTA OOB RX blocking defined for NR 2-O base stations in TS 38.104.
This contribution continues the discussion on the background and the work related to defining a FR2 requirement for out-of-band receiver blocking. In this contribution we present a summary of the background together with some general principles related to the interferer behaviour in the out-of-band region. At the end of the contribution a set of proposals are presented. They will form the foundation for the RF core requirement in TS 37. 104. Also, draft text for a new section, sub-clause 10.6.3 is provided for information at the end of the contribution. 
2. Discussion

The OTA out-of-band receiver blocking characteristics are a measure of the base station receiver’s ability to receive a wanted signal at the RIB at its assigned channel in the presence of an unwanted interferer. The interferer in this case is allocated to a frequency in the out-of-band region. The out-of-band region is for OTA emission defined at the frequency range from 30 MHz to 2nd harmonic of the upper frequency edge of the operating band. It is reasonable to use the same frequency range for OTA out-of-band blocking, excluding the operating band and some margins for the transition. For NR 1-O base stations the interferer level is set to 0.36 V/m. This level was derived from the legacy requirement per antenna connector (aka TAB connector), see TR 37.843, sub-clause 6.5 for complete background on how the 1-O interferer level was derived. A thorough description on the relation between EIRP and field-strength is given in [1, 2]. 
For NR 2-O base stations the interferer level is set so that protection against other base station operating at different networks in the same local area within FR2 is achieved. The interferer level to achive this protection was set to 0.1 V/m. The complete background is given in [3].  

Based on these levels a general requirement for OTA out-of-band receiver blocking can be established together with some general principles;
1. It would be reasonable to define a fixed out-of-band blocking interferer level as a baseline for general coexistence with other services and systems.  

2. Guarantee protection for other base station operating within FR1.

3. Guarantee protection for other base station operating within FR2.

4. Introduce a transition region between the out-of-band region and the in-band region, since typical out-of-band interferers are stronger than in-band. 

Using above described principles, the interferer signal could be described as function of frequency as listened in Table 2-1.
Table 2-1: Out-of-Band interferer characteristics 

	Frequency

(MHz)


	Interferer level

(V/m)
	Type of interfering signal

	30 to 6000
	0.36
	CW

	6000 to fmin-
	0.1
	CW

	fmax+ to 2nd harmonic
	0.1
	CW


The OTA in-band receiver requirement is based on an interferer signal level determined based on the reference sensitivity EISREFSENS + 33 dB. This means that the interferer level is not fixed, instead it will vary as function of antenna gain and base station class. For In-Band blocking it is reasonable that the interferer depends on the reference sensitivity, however for the out-of-band requirement having a variable interferer level seems not logical. To set a fair level of protection for base stations, the out-of-band interferer level should be fixed. Therefore, RAN4 needs to find a concept for the transition between the in-band region and the out-of-band region. The intension with a transition region is to create margins accounting for frequency selectivity. Letting the in-band region to be extended +/-  MHz around the operating band which creates sufficient margins for frequency selectivity before the fixed interferer level applies. The transition region between the in-band region and the out-of-band region is handled by the introduction of , which extend the in-band region accounting for frequency selectivity of the receiver to be included in the in-band requirement. The operating band is described as the frequency range between lower band edge (fmin) and the higher band edge (fmax).
As a comparison the interferer levels for in-band requirements have been calculated for all base station classes and ranges of declared antenna size. The results are listed in Table 2-2. 

Table 2-2: In-Band interferer levels 

	Base station Class


	Interferer level

(V/m)

	WA
	0.13 to 0.01

	MR
	0.78 to 0.08

	LA
	1.1 to 0.11


It can be noted that the in-band interferer level is varying due to the declared antenna gain. Also, it can be noted that the in-band interferer level for some cases is higher than the fixed out-of-band level. For LA base stations, it is reasonable that this happens since, in this case the UE is the strongest interferer that the base station can see, due to the short distance in between UE and BS.
In Figure 2-1, the interferer level is plotted for the frequency range 30 MHz to 6000 MHz. In this region the FR1 level of 0.36 V/m is reused to guarantee FR1 base station to be deployed in the same area as FR2 base stations. 

[image: image1.emf]Field strength

V/m

Frequency

MHz

6000

I

IB

0.1

30

0.36

FR1

450


Figure 2-1: Interferer level between 30 MHz to 6000 MHz
In Figure 2-2, the interferer level is plotted for the frequency range 6 GHz to 2nd harmonic. Here the FR2 level applies to guarantee co-existence between FR2 base station operating in different networks within the same geographical area. 
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Figure 2-1: Interferer signal level between 6 GHz to 2nd harmonic

Currently, the transition region between the operating band and the out-of-band region, described by  is not determined. It would be reasonable to harmonize  for out-of-band blocking with the transition regions used for emission. 
Extending the frequency range for the interferer signal for FR2 requires careful considerations on the step size used for conformance testing as described in [3]. To maintain consistency with legacy and FR1, the step size is set to 1 MHz for frequencies between 30 MHz to 6000 MHz. However, for frequencies above 6 GHz, the step size can be increased to 10 MHz.

3. Conclusion

In this contribution the details for a general requirement for OTA out-out-band blocking for FR2 have been collected. 
To proceed the work associate to establish a general requirement for OTA out-of-band receiver blocking tree proposals presented for approvals based on the technical background have been created: 
Proposal 1:

Set a fixed out-out-band interferer level to 0.36 V/m for the frequency range 30 MHz to 6000 MHz.

Proposal 2:

Define the operating band in-band region as FUL_low –  to FUL_high + , where  is the transition region. 

Proposal 3:

Set a fixed out-of-band interferer level to 0.1 V/m for the frequency range 6 GHz to 2nd harmonic, excluding the in-band region.
At the end of the contribution draft specification text for TS 38.104, sub-clause 10.6, introducing a sub-clause (10.6.3) for Minimum requirement for BS type 2-O is presented for discussion. The intension is to get feedback on the requirement text before implementation in TS 38.104. 
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DRAFT:
10.6
OTA out-of-band blocking

10.6.1
General

The OTA out-of-band blocking characteristics are a measure of the receiver unit ability to receive a wanted signal at the RIB at its assigned channel in the presence of an unwanted interferer.  

10.6.2
Minimum requirement for BS type 1-O
10.6.2.1
General 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 all supported polarizations, under the assumption of polarization matching. The interferer shall be polarization matched in-band and the polarization maintained for OOB measurements.   

For OTA wanted and OTA interfering signals provided at the RIB using the parameters in table 10.6.2.1-1, 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 in subclause 10.3.2 for each BS channel bandwidth and further specified in annex A.
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 according to subclause 7.4.2.2 shall be excluded from the OTA out‑of‑band blocking requirement.
For BS 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. The ΔfOOB for BS type 1-O is defined in table 10.5.2.2-0.
Table 10.6.2.1-1: OTA out-of-band blocking performance requirement

	Interfering signal RMS field-strength
	Wanted signal mean power
	Type of interfering Signal

	0.36 V/m
	EISminSENS + 6 dBm

 (Note 1) 
	CW carrier

	NOTE 1: 
EISminSENS depends on the channel bandwidth as specified in subclause 9.2.

NOTE 2:   The RMS field-strength level in V/m is related to the interferer EIRP level at a distance described as 
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, where EIRP is in W and r is in m; for example, 0.36 V/m is equivalent to 36 dBm at fixed distance of 30 m.


10.6.2.2
Co-location minimum requirement

This additional OTA out-of-band blocking requirement may be applied for the protection of BS 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 BS.

The requirement is a co-location requirement, the interferer power levels specified at the co-location reference antenna conducted input.

The requirement is valid over the minSENS RoAoA.

Interfering signal shall be applied to the co-location reference antenna. The interfering signal power is specified per polarization. 
For OTA wanted and OTA interfering signal provided at the RIB using the parameters in table 10.6.2.1-1, 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 in subclause 10.3.2 for each BS channel bandwidth and further specified in annex A.
For BS type 1-O the OTA blocking requirement for co-location with BS in other frequency bands is applied for all operating bands for which co-location protection is provided.

Table 10.6.2.2-1: OTA blocking requirement for co-location with BS in other frequency bands

	Frequency range of interfering signal
	Interfering signal mean power for WA BS [dBm]
	Interfering signal mean power for MR BS [dBm]
	Interfering signal mean power for LA BS [dBm]
	Wanted signal mean power [dBm]
	Type of interfering signal

	Frequency range of co-located downlink operating band
	+46
	+38
	+24
	EISminSENS + 6 dB

 (Note 1)
	[CW carrier]

	NOTE 1:
EISminSENS depends on the BS class and on the BS channel bandwidth, see subclause 10.3. 
NOTE 2:
The requirement does not apply when the interfering signal falls within any of the supported uplink operating band(s) or in the 10 MHz frequency range immediately outside any of the supported uplink operating band(s).


10.6.3
Minimum requirement for BS type 2-O
10.6.3.1
General 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 FR2 OTA REFSENS RoAoA.

The wanted signal applies to all supported polarizations, under the assumption of polarization matching. The interferer shall be polarization matched in-band and the polarization maintained for OOB measurements.   
For BS 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 2nd harmonic of the upper frequency edge of the operating band. The ΔfOOB for BS type 2-O is FFS.
For OTA wanted and OTA interfering signals provided at the RIB using the parameters in table 10.6.3.1-1, 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 in subclause 10.3.3 for each BS channel bandwidth and further specified in annex A.
Table 10.6.3.1-1: OTA out-of-band blocking performance requirement
	Frequency range of interfering signal

[MHz]
	Interferer RMS field-strength

[V/m]
	Wanted signal mean power 

[dBm]
	Type of interfering signal

	30 to 6000
	0.36
	EISREFSENS + 6 dB
	CW

	6000 to FUL_low - fOOB
	0.1
	EISREFSENS + 6 dB
	CW

	FUL_high + fOOB to 2nd harmonic of the upper frequency edge of the operating band
	0.1
	EISREFSENS + 6 dB
	CW
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