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Introduction
This contribution presents some proposals for receiver requirements for the 52-71GHz frequency range.
[bookmark: _Ref178064866]Discussion
Receiver sensitivity
For the bands from 24-52GHz, the receiver sensitivity is declared within a defined range. The reason that the sensitivity is declared is that there exists the possibility of different implementations intended for deployment in different kinds of channel conditions and propagation environments may have different array sizes. The range within which the declared sensitivity can be depends on the BS class as indicated in table 2.1-1:
Table 2.1-1: Sensitivity ranges 
	BS Class
	Lower end of range
	Upper end of range

	Wide area
	-96 dBm
	-119 dBm

	Medium Range
	-91 dBm
	-114 dBm

	Local Area
	-86 dBm
	-109 dBm



The declared reference sensitivity is the sensitivity in 50MHz. For operation of 52-71 GHz, the minimum bandwidths are yet to be decided, but the maximum bandwidth is 1600MHz for the 480kHz SCS and up to 3200MHz for the 960kHz SCS. 
To avoid an excessive amount of testing for the RX requirements, the bandwidth over which the FRC for sensitivity is defined should be larger than 50MHz for the 480kHz and 960kHz SCS. For the 480kHz SCS, if the smallest bandwidth of 200MHz is used for the FRC then still 8 tests are required for receiver requirements for 1600MHz bandwidth. It may make sense to define an additional FRC with greater than the minimum bandwidth to reduce the number of tests. 
For the 960kHz SCS, a similar issue may apply as for the 480kHz SCS and it may be useful to define 2 FRCs for sensitivity.

Proposal 1: For the 120kHz SCS, retain the existing FRC for sensitivity and RX requirements based on 50MHz.
Proposal 2: For the 480kHz SCS, define the sensitivity using minimum bandwidth FRC. Consider whether a larger bandwidth FRC should also be defined in order to reduce the amount of testing for the 1600MHz bandwidth.
Proposal 3: For the 960kHz SCS, define the sensitivity using minimum bandwidth FRC. Consider an additional larger FRC for larger bandwidths if needed.

For operation at 52-71 GHz, the noise figure is expected to be 10-13dB. The sensitivity requirement applies prior to the BS antenna gain. Approximate ranges for the expected sensitivity for different array sizes and bandwidths are provided in table 2.1-2.
Table 2.1-2: Sensitivity ranges versus carrier bandwidth
	Array size / bandwidth
	8x16 array
	16x16 array
	32x32 array

	50MHz
	-108 to -112 dBm
	-111 to -115 dBm
	-114 to -118 dBm

	100MHz
	-105 to -109 dBm
	-108 to -112 dBm
	-111 to -115 dBm

	200MHz
	-102 to -106 dBm
	-105 to -109 dBm
	-108 to -112 dBm

	400MHz
	-99 to -103 dBm
	-102 to -106 dBm
	-105 to -109 dBm

	800MHz
	-96 to -100 dBm
	-99 to -103 dBm
	-102 to -106 dBm

	1600MHz
	-93 to -97 dBm
	-96 to -100 dBm
	-99 to -100 dBm



The sensitivity values in the table are all within the range of the WA sensitivity for the existing FR2. Assuming that the largest array size will not be deployed for an LA type BS then the existing sensitivity ranges appear satisfactory. A final decision should be made once the bandwidths for sensitivity declaration are decided though.

Observation 1: The ranges for sensitivity declaration in the existing specifications appear to be sufficient.

Adjacent channel selectivity
Previous co-existence simulation work during the NR suggest an ACS of around 21.5dBm is needed [1]. In principle, the requirement can be written in the same manner as the current requirement. The current requirement already discriminates the ACS between sub-portions of the FR2 frequency range. Potentially, the reference sensitivity bandwidth may differ from 50MHz, as discussed above. If the reference sensitivity bandwidth is greater than 50MHz then the interferer bandwidth should be correspondingly increased. The interferer power offset to the reference sensitivity should remain as needed to achieve 21.5dBm ACS.

Proposal 3: The ACS requirement can be used as is, except that the interferer bandwidth may need to be adjusted to be the same as the reference sensitivity FRC bandwidth. The interferer level should be set to achieve the correct ACS for the sub-range.

Receiver in-band blocking
The receiver in-band blocking level for operation in 52-71GHz has not been investigated with simulations. With a larger array, the beamwidth is narrower and the gain is higher.
On the other hand, when the blocking level was decided for FR2, the blocker level was deliberately linked to the sensitivity level with the argumentation that both the sensitivity level and the blocker level are expected to be related to the array size. The same argumentation could be applied for the 52-71GHz range.
Due to the different propagation conditions however, the actual blocker level may be expected to differ.
Receiver out of band blocking
For the specific frequency range in mind, the following open issues 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.
3. How to define the exclusion region between in-band blocking and out-of-band blocking.
4. Upper frequency limit for interferer signal.
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 parameter assumptions relevant for FR2. 
The out-of-band blocking requirement relies on the sensitivity requirement as reference when 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 52 GHz to 71 GHz, as discussed in section 2.1 above.
There are currently multiple 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 2.4-1. 
Table 2.4-1: Wanted signal characteristics
	BS type

	Wanted signal EIRL
(dBm)

	1-O
	EISminSENS + 6 dB

	2-O
	EISREFSENS_50M + 6 dB



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.

Proposal 4: For the frequency range 52 to 71 GHz define the wanted signal power as EISREFSENS_xxM + 6 dB (The bandwidth for the sensitivity FRC needs further discussion).

The interferer signal is defined as function of the operating band (FUL,low, FUL,high) as described in Table 2.4-2 and exclusion zones (ΔfOOB) as described in Table 2-3. 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 2.4-2: Interferer signal characteristics
	BS type

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

	1-O
	30 to FUL,low – ΔfOOB 
	0.36

	1-O
	FUL,high + ΔfOOB to 12750
	0.36

	2-O
	30 to 12750
	0.36

	2-O
	12750 to FUL,low – ΔfOOB
	0.10

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

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



In Figure 2-1 the interferer level for out-of-band blocking for BS type 1-O and BS type 2-O is visualized. 
[image: ]
Figure 2.4-1: Interferer signal level
When OTA requirement for out-of-band blocking was defined for BS type 1-O and BS type 2-O it was necessary to find a new parameter for the interferer level in the OTA domain. For BS type 1-O and BS type 2-O the interferer signal strength is defined as Root-Mean Square (RMS) field strength in V/m. The impinging field strength level can be associated to EIRP and distance to a radiating source as:
		(Eq. 2.4-1)
, where EIRP is the Equivalent Isotropic Radiated Power in linear scale at the radiating source and r is the distance to the radiating source. 

For BS type 1-O, the interferer level was derived from -15 dBm used for BS type 1-C and BS type 1-H. This level 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.  
For BS type 1-O, the interferer signal is defined up to 12.75 GHz, while for BS type 2-O the interferer signal can be divided in two regions with different interferer levels, as defined in Table 2.4-2. 

Proposal 5: For the frequency range 52 to 71 GHz, use the same interferer levels as for FR2.

Around an operation band exclusion zones have been defined to separate in-band blocking and out-of-band blocking. 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 2.4-3. 
Table 2.4-3: Interferer signal characteristics
	BS type

	Operating band characteristics 
(MHz)
	ΔfOOB 
(MHz)

	1-O
	FUL,high – FUL,low < 100
	20

	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 above FR2, aspects related to compatibility between already deployed system and newly introduced requirements for 52 to 71 GHz needs some careful considerations. 
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 FR2 interferer levels. 

Proposal 6: For the frequency range 52 to 71 GHz, re-use the size of the exclusion zone from FR2.

By extending the FR2 requirement for base station operating within the frequency range 52 to 71 GHz, the requirement for the interferer signal can be expressed as listed in Table 2.4-4.
 Table 2.4-4: Interferer signal characteristics for base station operating within 7-24 GHz
	Frequency range of interferer signal 
(MHz)
	Interferer RMS field-strength at RIB 
(V/m)

	30 to 12750
	0.36

	12750 to FUL,low – ΔfOOB
	0.10

	FUL,high + ΔfOOB  to flimit 
	0.10



For FR2 the parameter flim was set to 2nd harmonic of the wanted signal in the RF core specification, while it was set to 60 GHz in conformance test specification. When the frequency range is extended the conformance test limit needs to be re-evaluated for base station operating in the frequency range 52 to 71 GHz.
Proposal 7: For the frequency range 52 to 71 GHz, set the upper test limit to 2nd harmonic.  

Receiver intermodulation
The receiver intermodulation requirement was set based on the RX blocker requirement levels. We propose to adopt the same principle and set the RX intermodulation levels based on RX blocking.
Proposal 8: Set the RX intermodulation levels based on RX blocking.

Additional frequency offsets may be needed to cover larger channel bandwidths.

In-channel selectivity requirement
The interferer level for the in-channel selectivity requirement was derived based on simulations. Similar to the in-band blocking requirement, the interferer level is related to the sensitivity level. The interferer level and sensitivity level could be related also for this frequency range; however the offset may differ due to the different propagation environment.

Conclusion
Sensitivity:
Proposal 1: For the 120kHz SCS, retain the existing FRC for sensitivity and RX requirements based on 50MHz.
Proposal 2: For the 480kHz SCS, define the sensitivity using minimum bandwidth FRC. Consider whether a larger bandwidth FRC should also be defined in order to reduce the amount of testing for the 1600MHz bandwidth.
Proposal 3: For the 960kHz SCS, define the sensitivity using 400MHz FRC. Consider an additional larger FRC for larger bandwidths if needed.
Observation 1: The ranges for sensitivity declaration in the existing specifications appear to be sufficient.

ACS:
Proposal 3: The ACS requirement can be used as is, except that the interferer bandwidth may need to be adjusted to be the same as the reference sensitivity FRC bandwidth. The interferer level should be set to achieve the correct ACS for the sub-range.

Out of band blocking: 
Proposal 4: For the frequency range 52 to 71 GHz define the wanted signal power as EISREFSENS_xxM + 6 dB (The bandwidth for the sensitivity FRC needs further discussion).
Proposal 5: For the frequency range 52 to 71 GHz, use the same interferer levels as for FR2.
Proposal 6: For the frequency range 52 to 71 GHz, re-use the size of the exclusion zone from FR2.
Proposal 7: For the frequency range 52 to 71 GHz, set the upper test limit to 2nd harmonic.  
Proposal 8: Set the RX intermodulation levels based on RX blocking.
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