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1. Introduction
At the last RAN4 meeting (RAN4#101-bis-E) specific details related to BS RF core receiver requirements related to clause 10 in TS 38.104 applicable for the frequency range 52600 to 71000 MHz was discussed. The meeting outcome and guidance for this meeting was captured in a Way Forward (WF) contribution [1]. 
In this contribution we continue the discussion from [2] on BS RF receiver requirements relevant for the NR extension to support up to 71 GHz. The contribution presents an overview of base station receiver requirement changes compared to current version of TS 38.104 and some proposals to further progress the work. 

2. Discussion
Based on agreements in the WF from last meeting [1] and earlier agreements the impact on TS 38.104 clause 10 [3] is summarized in Table 2-1. 
Table 2-1: Requirement overview
	Requirement
	TS 38.104 
subclause
	Status

	OTA sensitivity
	10.2
	No impact since this requirement is not applicable for BS type 2-O.

	OTA reference sensitivity
	10.3
	Requirement for FR2-2 is defined. FRC can be defined when SU is settled.

	OTA dynamic range
	10.4
	No impact since this requirement is not applicable for BS type 2-O.

	OTA in-band selectivity and blocking
	10.5
	Requirement for FR2-2 is defined. FFS depends on details related to SU.

	OTA out-of-band blocking
	10.6
	Requirement for FR2-2 is defined. FFS on upper bound to set DfOOB.

	OTA receiver spurious emissions
	10.7
	Requirement is defined for FR2-2.

	OTA receiver intermodulation
	10.8
	Requirement is defined for FR2-2.

	OTA in-channel selectivity
	10.9
	Requirement is defined for FR2-2.



[bookmark: _Hlk71199144]In the following sub-sections additional technical information is presented together with proposals moving the discussion towards a complete set of requirements required to extend NR up to 71 GHz.


2.1	Adjacent Channel Selectivity
Adjacent channel selectivity (ACS) is a measure of the receiver's ability to receive a wanted signal at its assigned channel frequency in the presence of an adjacent channel signal with a specified centre frequency offset of the interfering signal to the band edge of a victim system.
Last meeting RAN4 agreed to set the ACS requirement for FR2-2 according to Table 2.1-1
Table 2.1-1: ACS requirement for BS type 2-O
	Frequency range
	BS channel bandwidth 
(MHz)
	Wanted signal mean power (dBm)
	Interfering signal mean power (dBm)

	FR2-1
(24.25 – 33.4 GHz)
	50, 100, 200, 400
	EISREFSENS + 6 dB
	EISREFSENS_50M + 27.7 + ΔFR2_REFSENS


	FR2-1
(37 – 52.6 GHz)
	50, 100, 200, 400
	EISREFSENS + 6 dB 
	EISREFSENS_50M + 26.7 + ΔFR2_REFSENS

	FR2-2
(52.6 – 71 GHz)
	100, 400, 800, 1600, 2000
	EISREFSENS + 6 dB
	EISREFSENS_50M + 25.7 + ΔFR2_REFSENS



The interferer signal type used for the frequency range 52.6 to 71 GHz needs to be selected based on minimum supported sub-carrier spacing and carrier bandwidth supported within the frequency range 52.6 to 71 GHz. Hence, new table rows are required in the specification to describe the differences between 24.25 to 52.6 GHz and 52.6 to 71 GHz. 
In Table 2.1-2, the interfering signal offset and type is documented. 
Table 2.1-2: ACS interferer frequency offset for BS type 2-O
	Frequency range
	BS channel bandwidth 
(MHz)
	Interfering signal centre frequency offset 
(MHz)
	Type of interfering signal

	
FR2-1
	50
	±24.29
	

	
	100
	±24.31
	50 MHz DFT-s-OFDM NR

	
	200
	±24.29
	signal, 60 kHz SCS, 64 RBs

	
	400
	±24.31
	

	

FR2-2
	100
	±48.58
	
100 MHz DFT-s-OFDM NR
signal,120 kHz SCS, FFS RBs

	
	400
	±48.62
	

	
	800
	±48.58
	

	
	1600
	±48.62
	

	
	2000
	±48.58
	



Proposal 1: For ACS define interferer signal offset as defined in Table 2.1-2.











[bookmark: _Hlk71031338]2.2	In-band blocking 
At last meeting RAN4 agreed to define the requirement for FR2-2 as described in Table 2.2-1.

Table 2.2-1: General blocking requirement 
	Frequency Range
	BS channel bandwidth of the lowest/highest carrier received (MHz)
	OTA wanted signal mean power 
(dBm)
	OTA interfering signal mean power 
(dBm)
	OTA interfering signal centre frequency offset
from the lower/upper Base Station RF Bandwidth edge or sub-block edge inside a sub-block gap 
(MHz)
	Type of OTA interfering signal

	FR2-1
	50, 100, 200, 400
	EISREFSENS + 6 dB
	EISREFSENS_50M + 33 + ΔFR2_REFSENS
	±75
	50 MHz DFT-s-OFDM NR signal,
60 kHz SCS, 64 RBs

	FR2-2
	100, 400, 800, 1600, 2000
	EISREFSENS + 6 dB
	EISREFSENS_50M + 33 + ΔFR2_REFSENS
	±150
	100 MHz DFT-s-OFDM NR signal,
120 kHz SCS, FFS RBs



The details related to the interfering signal type is still FFS. 
The size of the exclusion zone, DfOOB was defined as described in Table 2.2-2.
Table 2.2-2: ΔfOOB offset for NR operating bands in FR2
	BS type
	Frequency Range
	Operating band characteristics
(MHz)
	ΔfOOB 
(MHz)

	BS type 2-O
	FR2-1
	FUL_high – FUL_low ≤ 4000
	1500

	
	FR2-2
	4000 MHz < FUL_high – FUL_low ≤ FFS
	3500



, where the upper boundary of the operating band characteristics is FFS. It would be reasonable to set the upper boundary for DfOOB to the same value as for DfOBUE.

Proposal 2: For in-band blocking set the upper boundary for the operating band size equal for DfOOB and DfOBUE.









2.3	In-channel selectivity
In-channel selectivity (ICS) is a measure of the receiver ability to receive a wanted signal at its assigned resource block locations in the presence of an interfering signal received at a larger power spectral density. In this condition a throughput requirement shall be met for a specified reference measurement channel. 
Wanted and interfering signal are placed adjacently around Fc, where the Fc is defined for BS channel bandwidth of the wanted signal. The aggregated wanted and interferer signal shall be centred in the BS channel bandwidth of the wanted signal.
At last, RAN4 meeting it was agreed to use 10 dB shift between wanted signal and interfering signal as before for FR2-1. 
For FR2-2 the wanted signal and interfering signal needs to be scaled to 100 MHz and 400 MHz, according to Table 2.3-1.
Table 2.3-1: Relation between wanted signal power and interfering signal power
	BS channel bandwidth
(MHz)
	Wanted signal power
(dBm)
	Interfering signal power
(dBm)

	50
	EISREFSENS_50M + ΔFR2_REFSENS
	EISREFSENS_50M + 10 + ΔFR2_REFSENS

	100
	EISREFSENS_50M + 3 + ΔFR2_REFSENS
	EISREFSENS_50M + 13 + ΔFR2_REFSENS

	400
	EISREFSENS_50M + 9 + ΔFR2_REFSENS
	EISREFSENS_50M + 19 + ΔFR2_REFSENS



The interfering signal type is defined as an DFT-s-OFDM signal configured with minimum supported SCS. For FR2-2, the minimum supported SCS is 120 kHz.
In Table 2.3-2, the parameters related to FR2-2 is summarized. 
Table 2.3-2: OTA in-channel selectivity requirement for FR2-2
	BS channel bandwidth (MHz)
	Subcarrier spacing (kHz)
	Reference measurement channel
	Wanted signal mean power (dBm)
	Interfering signal mean power (dBm)
	Type of interfering signal

	100, 400
	120
	G-FR2-A1-2
	EISREFSENS_50M + 3 + ΔFR2_REFSENS
	EISREFSENS_50M + 13 + ΔFR2_REFSENS
	DFT-s-OFDM NR signal, 120 kHz SCS, 
32 RB

	400, 800, 1600
	480
	G-FR2-A1-6
	EISREFSENS_50M + 9 + ΔFR2_REFSENS
	EISREFSENS_50M + 19 + ΔFR2_REFSENS
	DFT-s-OFDM NR signal, 480 kHz SCS, 
FFS RB

	400, 800, 1600, 2000
	960
	G-FR2-A1-7
	EISREFSENS_50M + 9 + ΔFR2_REFSENS
	EISREFSENS_50M + 19 + ΔFR2_REFSENS
	DFT-s-OFDM NR signal, 960 kHz SCS, 
FFS RB



Based on the discussion following proposals are presented:
Proposal 3: For in-channel selectivity define wanted signal power level and interfering signal power level as described in Table 2.3-1.







2.4	Receiver spurious emissions
For the frequency range 30 MHz to 18 GHz the measurement bandwidth used for the requirement is defined in ITU-R SM.329 [7]. Close to the band limits and measurement bandwidth follows ERC recommendations 74-01 [8]. The frequency ranges close to the band is specified per band in Table 2.4-1, with additions of band n263 for unlicensed operation and n264 for licensed operation.
Table 2.4-1: Step frequencies for defining the spurious emission limits 
	Operating band
	Fstep,1
(GHz)
	Fstep,2
(GHz)
	Fstep,3
(GHz)
	Fstep,4
(GHz)
	Fstep,5
(GHz)
	Fstep,6
(GHz)

	n257
	18
	23.5
	25
	31
	32.5
	41.5

	n258
	18
	21
	22.75
	29
	30.75
	40.5

	n259
	23.5
	35.5
	38
	45
	47.5
	59.5

	n260
	25
	34
	35.5
	41.5
	43
	52

	n261
	18
	25.5
	26.0
	29.85
	30.35
	38.35

	n262
	37.2
	45.2
	45.7
	49.7
	50.2
	58.2

	n263 
	18
	43
	53.5
	74.5
	84
	127

	n264
	46
	61
	62.5
	74.5
	76
	91



In addition to the requirements in Table 2.4-1, the requirement for protection of EESS for base station operating in frequency range 24.25 - 27.5 GHz defined for transmitter spurious emissions may be applied.
Proposal 4: For receiver spurious emission add row with values in Table 2.4-1 for band n264. 

























3. Conclusion
In this contribution the impact on receiver requirements in TS 38.104 have been studied. 
When the frequency range is extended up to 71 GHz, the supported carrier configuration will change which would result in some differences with respect to current FR2 requirements. In this contribution we show how requirements applicable for the frequency range 52.6 to 71 GHz can be integrated into TS 38.104. 
Based on the technical analysis provided in this contribution following proposals are presented for approval:
Proposal 1: For ACS define interferer signal offset as defined in Table 2.1-2.
Proposal 2: For in-band blocking set the upper boundary for the operating band size equal for DfOOB and DfOBUE.
Proposal 3: For in-channel selectivity define wanted signal power level and interfering signal power level as described in Table 2.3-1.
Proposal 4: For receiver spurious emission add row with values in Table 2.4-1 for band n264. 
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