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1. Introduction
At the last RAN4 meeting (RAN4#92bis in Chongqing) technical background information for base station requirements was captured in draft TR 38.820, subclause 7.4 [1]. The structure in the TR is currently divided into two sections; transmitter and receiver. In the transmitter section a dedicated subclause for co-location requirements was created.    
In this contribution an updated version of the structure to accommodate co-location requirements both for transmitter and receiver is proposed in a text proposal. The text proposal is attached at the end of this contribution. 

2. Discussion
 Summary of changes;
1. Transmitter intermodulation requirement technical background in subclause 7.4.1.9 is moved to transmitter co-location requirements in subclause 7.4.1.9.3.
2. The structure is updated to accommodate the removed subclause.
3. Out-of-band co-location blocking is removed from transmitter co-location requirements in subclause 7.4.1.9.1.
4. A new subclause is added with information for out-of-band co-location blocking in subclause 7.4.2.5.3. 

3. Conclusion
It is proposed to approve the attached text proposal with editorial improvements for the structure of subclause 7.4.  

4. References
[1]	R4-1913080, “Draft TR 38.820 V0.3.0”, Huawei
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TEXT PROPOSAL:

[bookmark: _Toc22912389]7.4	BS RF requirements
Editor’s note: Study RF characteristics for example frequencies including both TX and RX. In particular: 
•	Study how to design TX emissions mask for these frequencies 
•	Study the spurious region and its upper frequency limit for practical measurements
•	Study how to design TDD TX switching time requirement 
•	Study need for requirement coverage; e.g. co-location related requirements (TX IMD etc.) for each example frequency 
•	Study how to design requirements where approach differs between FR1 and FR2; e.g. RX sensitivity requirement, RX ACS, blocking, RX IMD requirements
[bookmark: _Toc5938266][bookmark: _Toc22912390]7.4.1	Transmitter requirements
[bookmark: _Toc5938267][bookmark: _Toc22912391]7.4.1.1	Tx requirements overview
Summary of the conducted and radiated Tx requirements specified in Rel-15 for the NR BS is presented in this subclause. More detailed elaboration on the motivation on selected requirements is provided in dedicated subclauses below. 
All the findings captured for the conducted requirements in table 7.4.1.1-1 and related subclauses below are considered to be applicable to the (sub)-range of the 7 – 24 GHz for which the conducted requirements will be found to be feasible during related WI. 
While radiated requirements are considered to be applicable to the whole 7 – 24 GHz range, their definitions, values and levels may differ across the 7 – 24 GHz range.
Table 7.4.1.1-1: Overview of conducted Tx requirements for NR BS in 7 – 24 GHz range
	Tx requirement
	Conclusions from SI
	Items to be completed in related WI

	Base station output power
	
	

	Output power dynamics
	RE power control dynamic range
	If unwanted emission limits are not increased compared to FR1 limits, then the RE power control dynamic range requirements for QPSK and 16 QAM can be reused for the applicable 7-24 GHz (sub)-range. 
No requirement for 64QAM.
	If unwanted emission limits are increased compared to FR1 limits, then the RE power control dynamic range may require to be revisited. 
Decide if requirement for 256QAM is needed.

	
	Total power dynamic range
	Same requirement derivation methodology as and FR1, based on the set of supported channel bandwidths and SCS. 
	

	Transmit ON/OFF power
	Transmitter OFF power
	
	

	
	Transmitter transient period
	
	

	Transmitted signal quality
	Frequency error
	
	

	
	Modulation quality
	
	

	
	Time alignment error
	
	

	Occupied bandwidth
	Single carrier and CA requirements can be reused from FR1/FR2.
	

	ACLR
	
	

	Operating band unwanted emissions
	
	

	Transmitter spurious emissions
	General transmitter spurious emissions
	
	

	
	Protection of the BS receiver of own or different BS
	
	

	
	Additional spurious emissions requirements
	
	

	
	Co-location with other base stations
	
	

	Transmitter intermodulation
	
	



Table 7.4.1.1-2: Overview of radiated Tx requirements for NR BS in 7 – 24 GHz range
	OTA Tx requirement
	Conclusions from SI
	Items to be completed in related WI

	Radiated transmit power
	
	

	OTA base station output power
	
	

	OTA output power dynamics
	RE power control dynamic range
	For “FR1-like” sub-range of the 7 – 24 GHz range, the requirement for QPSK and 16QAM is the same as conduced requirement for 7 – 24 GHz.
For “FR2-like” sub-range of the 7 – 24 GHz range, there is no requirement defined. 
No requirement for 64QAM.
	If unwanted emission limits are increased compared to FR1 limits, then the RE power control dynamic range may require to be revisited. 
Decide if requirement for 256QAM is needed.

	
	Total power dynamic range
	Same requirement derivation methodology as and FR1, based on the set of supported channel bandwidths and SCS.
	

	OTA transmit ON/OFF power
	Transmitter OFF power
	
	

	
	Transmitter transient period
	
	

	OTA transmitted signal quality
	Frequency error
	
	

	
	Modulation quality
	
	

	
	Time alignment error
	
	

	OTA occupied bandwidth
	Single carrier and CA requirements can be reused from FR1/FR2.
	

	OTA ACLR
	
	

	OTA operating band unwanted emissions
	
	

	OTA transmitter spurious emissions
	General transmitter spurious emissions
	
	

	
	Protection of the BS receiver of own or different BS
	
	

	
	Additional spurious emissions requirements
	
	

	
	Co-location with other base stations
	
	

	OTA transmitter intermodulation
	
	



[bookmark: _Toc22912392][bookmark: _Toc16848976][bookmark: _Toc5938268]7.4.1.2	Output power accuracy
[bookmark: _Toc22912393]7.4.1.2.1	General
There are currently 3 types of output power accuracy requirement which applied depends on the BS type:
· Base station output power 
Conducted requirement applicable to BS type 1-C and BS type 1-H normal and extreme conditions
· Radiated transmit power
Directional OTA requirement (EIRP) applicable to BS type 1-H normal conditions only and, BS type 1-O and BS type 2-O normal and extreme conditions)
· OTA base station output power
Total radiated power requirement (TRP) applicable to BS type 1-O and BS type 2-O normal conditions only
In all cases the requirement is a power accuracy requirement in dB which is applied to a declared power level.
The power accuracy requirements clearly have some interdependency, it has been agreed that the following relationship exists between the requirements

Also the requirements which apply to both FR1 and FR2 BS the accuracy levels are different implying a frequency dependency, the correct accuracy value for the 7 to 24GHZ range is to be determined. The following relationships can also be stated: 


And by implication

When setting the power accuracy requirements both the impact on the network performance and the practicality of implementation are considered. The goal of setting an optimum output power variation requirement therefore is to have a value which does not make implementation to restrictive but offers enough control that networks can be planned.
[bookmark: _Toc22912394]7.4.1.2.2	Conducted output power accuracy
Conducted output power accuracy is applicable to FR1 BS with a conducted interface. For FR1 AAS BS there is the assumption that BB beam forming architectures are dominant and hence for both 1-C and 1–H BS each BB chain drives a single transmitter/PA path. In this case the power accuracy is dependent primarily on the detector accuracy and the variation after the detector. 
For x-C systems in the 7 – 24 GHz range, the accuracy of these blocks should be examined once the operating frequency bands are known.
For x-H systems in the 7 – 24 GHz region the picture is not so clear as an x-H system may not be directly related to a x-C system in the same way 1-H and 1-C systems are related;
· If the x-H system is based on an equivalent x-C system then the requirements will be the same as x-C.
· If the x-H system is derived from an x-O system then the conducted accuracy will need to be investigated in a different manner.
However the x-H figures are determined however we can state:

[bookmark: _Toc22912395]7.4.1.2.3	TRP accuracy
TRP accuracy is the OTA equivalent of conducted power, however there are some additional error factors which must be taken into account relating to variation in loss of passive antenna elements, beam formers, distribution networks etc.
For FR1 the additional errors were small (< 0.5 dB) and hence the rms addition of the conducted error and the additional errors resulted in the same value as the conducted accuracy (±2.0 dB).
For FR2 there is no conducted output power requirement and hence the accuracy value was derived directly. For FR2 there ae 2 major considerations:
- The higher frequency means component variation is greater
- The predicted hybrid architecture makes power control for each PA more difficult to implement.
The FR2 TRP accuracy was agreed to be ±3.0 dB.
Hence for 7 – 24 GHz we can state:
						
It can be noted that the higher FR2 value is reliant not only on the increased frequency but also the assumed architecture. In the 7 – 24 GHz range it is expected that the optimum architecture for implementation may change, as such there may be a step in the output power accuracy requirement associated with this. This can be further investigated when the operating bands are known. 
[bookmark: _Toc22912396]7.4.1.2.4	EIRP accuracy
The radiated EIRP accuracy was investigated using 3 techniques
· Impact of accuracy on network performance
· Existing non-AAS EIRP accuracy
· Estimated achievable accuracy by an AAS BS
Companies were free to contribute based on any or all the methods, however most chose to focus on the estimated achievable accuracy. Final agreement on the accuracy of was by considering all contributions (not just the error estimates) and agreeing an acceptable value by consensus.
For FR1 the agreed value was ±2.2 dB
For FR2 the agree value was ±3.4 dB
Hence we can state:
				
For the 7 – 24 GHz range EIRP accuracy analysis can be considered once the operating bands are known.
[bookmark: _Toc18925261][bookmark: _Toc22912397]7.4.1.3		Output power dynamics
[bookmark: _Toc22912398]7.4.1.3.1		Conducted RE power control dynamic range
For the conducted RE power control dynamic range in 7 – 24 GHz range the following consideration shall be taken into account: 
· For QPSK and 16QAM: 
· In case the conducted unwanted emission limits are not increased (compared to the existing FR1 limits) for 7 – 24 GHz (sub)-range, then the conducted RE power up requirement can be reused for the applicable 7 – 24 GHz (sub)-range. Otherwise, the conducted RE power control dynamic range requirement might require to be re-visited during the WI phase.
· In case the conducted EVM requirements are kept unchanged within 7 – 24 GHz (sub)-range, the conducted RE power down range requirement can also be reused for the same 7 – 24 GHz (sub)-range. Otherwise, the conducted RE power control dynamic range requirement might require to be re-visited during the WI phase.
· For 64QAM: no requirement for the 7 – 24 GHz range is required. 
· For 256QAM (if decided to be applicable to the 7 – 24 GHz (sub)-range): no requirement for the 7 – 24 GHz range is required. 
[bookmark: _Toc22912399]7.4.1.3.2		OTA RE power control dynamic range
For the OTA RE power control dynamic range in 7 – 24 GHz range the following consideration shall be taken into account: 
· Verification of the OTA output power dynamics is not impacted by the spatial aspects around the DUT.
· For FR1-like sub-range of the 7 – 24 GHz range, the OTA RE power control dynamic range requirement for QPSK and 16QAM is to be the same as the conduced RE power control dynamic range requirement.
· For FR2-like sub-range of the 7 – 24 GHz range, there is no OTA RE power control dynamic range requirement defined. 
[bookmark: _Toc22912400]7.4.1.3.3		Total power dynamic range
The total power dynamic range is defined as the difference between the maximum (i.e. for full RB allocation) and the minimum (i.e. for single RB allocation) transmit power of an OFDM symbol for a specified reference condition. 
Therefore, once the set of supported channel bandwidths and the set of SCS is agreed for 7 – 24GHz (sub)-range supporting conducted requirements, the derivation of the total power dynamic range requirement will be straightforward. 
[bookmark: _Toc22912401]7.4.1.3.4		OTA total power dynamic range
Derivation of the OTA total power dynamic range in 7 – 24 GHz range is the same as for the conducted version of this requirement and is based on the PRB count for the supported channel bandwidth and SCS. For the frequency (sub)-range where both conducted and radiated requirements will apply, the conduced and OTA total power dynamic range requirements are the same. 
[bookmark: _Toc22912402]7.4.1.4		Transmit ON/OFF power
The TX OFF requirement is a TDD requirement used to protect receivers in the same band from the off level emissions from a transmitter. The requirement is in the assigned channel frequency.
For FR1 BS the level is set to protect co-sited BS, the conducted and the OTA levels are set accordingly, so that a co-sited BS suffers <1 dB degradation of the receiver sensitivity.
For the FR1 conducted the requirement this is:


The FR1 OTA requirement is specified as an equivalent output from the co-location reference antenna.
FR2 TX OFF requirements are set based on interference with BS is the same geographical area at a distance of 100 m.
When looking at any operating band the co-location OFF level is lower than the co-existence case, however for a BS which has both a transmitter and a receiver it is clear that the most vulnerable receiver is the BS’s own receiver, as such if the Tx is in the OFF state when performing the RX sensitivity test then conformance to TX OFF level is demonstrated by this.
FR1 conducted specification are written separately for TX and Rx and it is considered that there may be separate Tx and Rx connectors, as such it is possible to test the Rx sensitivity without the Tx, as such a separate TX OFF requirement is necessary. OTA systems cannot separate the Tx and Rx in the same way so the TX OFF requirement becomes redundant. For FR1 OTA requirements however as the goal was to provide requirements which were equivalent to the conducted requirements and as TX OFF measurement with the co-location methodology was possible the TX OFF requirement was maintained as a co-location requirement.
For FR2 as the interface is OTA and there is no equivalence to legacy conducted requirements it was sufficient to rely on the RX sensitivity test to show TX OFF co-location compliance.
The co-existence TX OFF level whilst being a lower level also has tighter timing requirements to account for the propagation time between the BS and the victim. So whilst the receiver sensitivity test guaranteed the OFF level assuming no propagation time it does not guarantee the OFF level is reached quickly enough. As such the co-existence OFF level is required in conjunction with the transient requirement to protect non-co-located BS receivers.
The TX OFF requirements are hence covered as follows:
Table 7.4.1.4-1: Transmit ON/OFF power requirements
	 
	FR1
	FR2

	co-location
	Tx OFF and Transient
	Rx sensitivity

	co-existence
	
	TX OFF and transient



For FR1 the 2 requirements are merged with the toughest timing requirement and the toughest OFF level, this makes a simple requirement but is perhaps over specified in terms of performance. 
For the 7 - 24 GHz range it can be considered that: 
· There are no existing conducted requirements, so there is no need to maintain equivalence to anything
· There will be defiantly have OTA requirement sets
· It will be difficult to implement FR1 like co-location requirements
· They may have conducted requirement (in lower bands)
Co-location in the 7 - 24 GHz region has a number of implementation issues which may require a new method of measuring co-location emissions however if co-location and co-existence scenarios are separated as they are with FR2 the TX OFF requirements will be simpler to implement. 
For 7 - 24 GHz systems with conducted only requirements where the TX and Rx are separate it may be necessary to provide an additional conducted Tx OFF requirement (or have an appropriately lower level).
[bookmark: _Toc22912403]7.4.1.5	Transmitted signal quality
[bookmark: _Toc22912404]7.4.1.6	ACLR
BS ACLR requirements are derived, along with the UE ACS requirements from the downlink co-existence simulations. The simulations provide an ACIR value which is then shared between the BS ACLR and the UE ACS with the bias on the UE ACS being the less strict requirements so that UE complexity can be kept at a minimum. Where:

FR1 systems currently all have the same ACLR/ACS values for all operating bands, FR2 has different requirements depending on the operating band as summarized below:
Table 7.4.1.6-1: DL ACIR, BS ACLR and UE ACS values
	
	From TR 38.803 [xx]
	TS 38.104 [5] / TS 38.101 [xx]

	 
	30 GHz
	45 GHz
	70 GHz
	0.7 – 5 GHz
	24.25 – 33.4 GHz
	37 – 52.6 GHz

	UE ACS (dB)
	22.5
	21.5
	20.5
	33
	23
	22

	BS ACLR (dB)
	27.5
	25.5
	23.5
	45
	28
	26

	ACIR (dB)
	21.3
	20
	18.7
	32.7 (calculated)
	
	

	ACS percentage
	75 %
	71 %
	66 %
	94 %
	
	



For FR2 the co-existence simulations have been carried out based on AAS beam forming architectures, for FR1 the original values were derived for non-AAS 3 sectored sites with passive antennas and these results were then verified to ensure that AAS beam forming implementation did not negatively impact the network throughput.
From the existing requirements and the results of the co-existence simulations used to derive them it is clear that ACIR and hence BS ACLR are frequency dependent. In addition the distribution of the ACIR budget between BA ACLR and UE ACS varies over frequency with the ACLR allocation increasing with frequency as PA linearity becomes harder to achieve.
There are a number of key simulation parameters which vary over frequency which may influence the co-existence simulation:
· Path Loss (increases by approx. 20 log f)
· Due to higher Path Loss cells are smaller so average distance to UE is smaller 
· BS Antenna gain is higher
· BS total output power drops with frequency
· UE’s antennas are directional
· UE NF is higher.
Some of these parameters change naturally with frequency but some may be step functions with technological breakpoints.
It is also important to consider the deployment scenarios which are identified for identified bands as these are very important parameter in the co-existence analysis
As such it is important that co-existence simulations are carried out on specific bands (or ranges) as they are identified. The 7 to 24GHz region covers almost 3 octaves so there may be more than 1 ACIR (and hence BS ACLR) requirements over the 7 to 24GHz range.
The split between BS ACLR and UE ACS should also be decided on a band specific basis based on the relative difficulty in implementing each in the BS and UE respectively.
[bookmark: _Toc22912405]7.4.1.7	Operating Bands Unwanted emissions (OBUE)
[bookmark: _Toc22912406]7.4.1.7.1 	General
Unwanted emission limits for Base Stations (as well as UEs) depend heavily on regulation. Present NR BS limits are defined with an Operating Band Unwanted Emission requirement covering the operating band, including the Out-of-band domain and a small part of the spurious domain outside of the operating band. 
[bookmark: _Toc22912407]7.4.1.7.2 	OBUE limits in FR1 and FR2
The unwanted emission limits for NR BS follow the same principles as was used for LTE BS, and to some extent also UMTS BS. These are shown in figure 7.4.1.7.2-1. Instead of just defining a spectrum mask for the out-of-band domain close to the transmitter BS carrier, an Operating Band Unwanted Emissions (OBUE) mask is defined across the operating band, extending also outside the band. Close to the RF carrier, the OBUE mask has limits that drops in several step down to a “baseline” level that extends out to an offset ΔfOBUE outside the edges of the operating band.
The OBUE limits will in general cover both the out-of-band domain and parts of the spurious domain of unwanted emissions, as defined by the ITU-R [7]. The OBUE limits close to the transmitted carrier are in general within the Out-of-band domain. These limits are based on RAN4 considerations including implementation aspects and to some extent also regulation. The steps in the mask are mostly between “flat” limits, but “sloped” limits are also used in some cases. 

[image: ]
[bookmark: _Ref14354257]Figure 7.4.1.7.2-1: Principle for OBUE limits used for NR BS
The “extended” part of the mask will to a large extent be within the spurious domain and must therefore align with regulation for spurious emissions. For Category A limits, there is no concept defined in regulation that supports having different limits in the OBUE range than in the rest of the spurious domain, so the limits are the same as the spurious emission limits defined outside the OBUE range.
For Category B limits, the recent version of European regulation [17] explicitly allows for a reduced reference bandwidth within a frequency range set relative to the operating band edges (instead of relative to the centre frequency of emission). This in 3GPP implemented through the OBUE, with the reduced measurement bandwidth translated into an adjusted emission limit. For operation above 24.25 GHz, the regulation in [17] defines an explicit OBUE mask with limits set in three steps, which has been implemented in NR BS specs for FR2.
Note that additional limits may apply regionally in the OBUE frequency range to protect other services.
In FR1, the OBUE limits for NR BS [5] are implemented in different frequency ranges as outlined in table 7.4.1.7.2‑1. The offset ΔfOBUE for the OBUE limits is 10 or 40 MHz depending on BS type and the width of the downlink operating band. The higher number is used for BS defined with OTA or Hybrid limits in bands 100 MHz or wider, and for BS with conducted limits in bands 200 MHz or wider. The shape of the mask is very similar to the LTE mask. A tighter Option 2 mask for Category B is defined for some bands, based on specific European regulation.
In FR2, OBUE limits for NR BS [5] are defined for a limited number of bands up to 40 GHz as outlined in table 7.4.1.7.2‑1. They all have an offset ΔfOBUE of 1500 MHz. The OBUE mask shape is based on the IMT characteristics submitted to the ITU-R during the initial work on NR [13]. While this is basically unchanged for Category B in the 3GPP specs, the Category B mask has an additional step defined and a limit based on the new regulation for operation above 24.25 GHz in [17].
While the limits follow the same principle, there are both similarities and differences:
-	Both in FR1 and FR2, there is a 3GPP specified NR specific mask defined in the out-of-band domain close to the transmitter carrier(s). This part of the mask is fixed in FR1 independent of bandwidth (out to 10 MHz), while it scales with the transmitted bandwidth (BWcontiguous) in FR2.
-	Both in FR1 and FR2, the OBUE limit outside the NR specific part mentioned above, are based on international regulation for spurious emissions (Category A and Category B) taken from [7] and [17].
-	In FR1, the offset ΔfOBUE outside the band edges is quite small (10 - 40 MHz), originally based on the 5 MHz channel bandwidth of UTRA and later also applied for LTE, plus some considerations of implementation for AAS BS (BS type 1-H and BS type 1-O).
-	In FR2, the offset ΔfOBUE outside the band edges is much larger (1500 MHz), considering the much higher maximum channel bandwidth of NR and the more difficult implementation aspects in mm-Wave frequency ranges.
[bookmark: _Ref14359406][bookmark: _Hlk21031123]Table 7.4.1.7.2-1: OBUE limits for NR in FR1 (0.41 to 7.125 GHz) [5]
	Frequency range for OBUE limits
	Steps in OBUE mask

	ΔfOBUE = 10 or 40 MHz:

	[bookmark: OLE_LINK95][bookmark: OLE_LINK96]BS type
	Operating band characteristics
	ΔfOBUE (MHz)

	[bookmark: _Hlk502677945]BS type 1-H
BS type 1-O
	[bookmark: OLE_LINK66][bookmark: OLE_LINK69]FDL,high – FDL,low < 100 MHz  
	[bookmark: OLE_LINK65][bookmark: OLE_LINK64]10

	
	100 MHz  FDL,high – FDL,low  900 MHz
	40

	BS type 1-C
	[bookmark: OLE_LINK27][bookmark: OLE_LINK28]FDL,high – FDL,low  200 MHz
	10

	
	[bookmark: OLE_LINK25]200 MHz < FDL,high – FDL,low  900 MHz
	40



	Category A, Category B (Option1):
5, 10 MHz, then extends out to ΔfOBUE from band edges


	
	Category B (Option 2):
0.2, 1, 10 MHz, then extends out to ΔfOBUE from band edges



Table 7.4.1.7.2-2: OBUE limits for NR in FR2 (24.25 to 52.6 GHz) [5]
	Range of OBUE limits
	Steps in OBUE mask

	ΔfOBUE = 1500 MHz:
(for a limited number of bands up to 40 GHz)

	BS type
	Operating band characteristics
	ΔfOBUE (MHz)

	BS type 2-O
	FDL,high – FDL,low 
 3250 MHz  
	1500



	Category A:
0.1*BWcontiguous, extends out to ΔfOBUE from band edges

	
	Category B:
0.1*BWcontiguous, 2*BWcontiguous, extends out to ΔfOBUE from band edges


 
The main difference between OBUE in FR1 and FR2 is the much higher ΔfOBUE in FR2, which takes both the higher NR channel bandwidths and the implementation aspects at higher frequencies into account.
[bookmark: _Toc22912408]7.4.1.7.3	 OBUE limits in 7 - 24 GHz
In the 7-24 GHz range, there will also be a need for higher ΔfOBUE values than in FR1. The specific ΔfOBUE value will vary for different example frequencies and depend mainly on width of the downlink operating band and the relation to the fundamental frequency. 
The unwanted emissions mask in 7-24 GHz could use the same OBUE principle as used in FR1 and FR2. As both FR1 and FR2 emission mask are band-centric, the mask for 7-24GHz can be also assumed as band-centric. Higher ΔfOBUE, than in FR1 needs to be considered with an approach similar to FR2 and should be further studied in relation to possible implementations at example frequencies.
The shape of the OBUE mask in the out-of-band domain (close to the carrier) will also need consideration. For the OBUE mask, the limits shall also follow the corresponding regulation for Category A or Category B. Since there is presently no explicit regulation of mobile services in the bands, the starting point could be the existing mask shapes used in FR1 and FR2. The following aspects should be taken into account:
· ACLR values
· Output power 
· Frequency ranges
· Transmission bandwidth

[bookmark: _Toc22912409][bookmark: _Hlk20818905][bookmark: _Toc18467512]7.4.1.8	Spurious emissions
[bookmark: _Toc22912410]7.4.1.8.1	General
In the Study on 7 - 24 GHz frequency range, spectrum regulation for specific frequency ranges is outside the scope of the study item (except the survey on existing regulation across regions). It is however of interest to look at the more generic regulation of unwanted emissions, which is a fundamental aspect for defining RF requirements. 
[bookmark: _Toc22912411]7.4.1.8.2	International regulation (ITU-R)
Spurious emission is regulated through the international Recommendation ITU-R SM.329 [7], which is used as a reference in 3GPP specifications. There is a difference in reference bandwidth over different frequency ranges of the spurious in Recommends 4.1 in Recommendation ITU-R SM.329-12 [7] but those are applicable regardless of operating frequency (also called as fundamental frequency). For Category B spurious emissions (from European regulation, see below), there is a difference in limits below and above 1 GHz.
There is a restriction in the frequency range of the spurious domain for practical purposes in Recommend 2.5 of Recommendation ITU-R SM.329-12 [7], where in particular the upper limit to use for measurements depends on the fundamental frequency, as shown in table 7.4.1.8.2‑1 for the frequency ranges relevant for NR. 
As seen in table 7.4.1.8.2‑1, the recommended upper limit for measurements in the 7 - 13 GHz range is 26 GHz, while for 13 - 24 GHz, the upper limit is the 2nd harmonic.
[bookmark: _Ref14426966]Table 7.4.1.8.2‑1: Frequency range for measurement of spurious emissions (from [7])
	Fundamental frequency range
	Frequency range for measurements

	
	Lower limit
	Upper limit

	300 MHz – 600 MHz
	30 MHz
	3 GHz

	600 MHz – 5.2 GHz
	30 MHz
	5th harmonic

	5.2 GHz – 13 GHz
	30 MHz
	26 GHz

	13 GHz – 150 GHz
	30 MHz
	2nd harmonic



There is also Recommendation ITU-R SM.328 [42], but it deals more with general principles and serves as a guidance for limits in the out-of-band domain, but has no specific limits documented. There are however very specific limits defined in Recommendation ITU-R M.1580 [43] for UTRA and ITU-R M.2070 [44] for E-UTRA, but these recommendations are fundamentally based on 3GPP limits. Similar recommendation are expected to be developed for IMT-2020, where limits for NR would be based on the submission of NR to ITU-R as a candidate IMT-2020 system.
In summary, there are presently no specific ITU-R limits documented for 7 - 24 GHz or above – the generic spurious emission limits in recommendations are homogeneous for operation above 1 GHz, except for the variation in the spurious frequency range for measurement, which depends on the fundamental frequency.
[bookmark: _Toc22912412]7.4.1.8.3	European regulation (CEPT)
Europe applies the Category B emission limits documented in Recommendation ITU-R SM.329 [7]. These limits are based on the European ERC Recommendation 74-01 [34] and are more stringent than the general Category A limits. There is also a broader ECC recommendation (02)05 [45] on unwanted emissions, but it has no recommendation for specific limits.
There has been a recent revision of ECC Rec 74-01 [34], making it not fully aligned with the corresponding Category B limits in ITU-R. There are new specific limits for “Base Stations using AAS and beamforming with integrated antennas” covering operation below 6 GHz and above 24.25 GHz. No new limits are defined in the 6 - 24.25 GHz range, motivated by lack of information on such BS operating in that range. It is stated in ECC Rec 74-01 [34] that these could be considered in a future revision as necessary. For non-AAS BS, the general Category B limits apply in Europe.
Next revision of ECC Rec 74-01 [34] is expected in 3 years’ time according to the normal procedure, which means that ECC may initiate a work item for an update around 2021-22. It is however possible to initiate work on such limits earlier if needed for mobile systems. 
The Category B limits applicable to AAS BS below 6 GHz and above 24.25 GHz are shown in figure 7.4.1.8.3-1 and 7.4.1.8.3-2 respectively. It should be noted that the limits below 6 GHz are equivalent to the conducted limits in the same frequency range, while above 24.25 GHz, there are several changes made in the updated European regulation.
[image: ]
Figure 7.4.1.8.3-1: Category B spurious domain emission limits for BS using AAS and beamforming operating below 6 GHz (from [17])

[image: ]
Figure 7.4.1.8.3-2: Specific Category B mask for spurious domain emissions for Base Stations using AAS and beamforming operating above 24.25 GHz (from [17])
For the updated limits above 24.25 GHz in figure 7.4.1.8.3-2, the following differences in the updated ERC Rec 74‑01 [34] compared to the legacy conducted limits should be noted:
1.	There is a relaxation of limits close to the transmitted carrier(s) in the spurious domain, but the “mask” defined is operating band centric instead of carrier centric.
NOTE: Such on operating band centric mask was allowed also previously (and implemented in 3GPP), but it was not explicitly described in the recommendation.
2.	The reference BW for the limits is 10 MHz, changed from the previous 1 MHz.
3.	The limits at large offsets from the operating band (more than Fe) is -20 dBm/10 MHz, which is equivalent (for broadband emissions) to the conducted limits of -30 dBm/1 MHz.
4.	The limits at smaller offsets from the operating band and inside the band allow in many cases for higher levels than the conducted limits.
NOTE:	There is in addition a “reference bandwidth mask” in ERC Rec 74‑01 [34] defined for conducted limits which allows up to a 15 dB relaxation, but it is not expressed using the new 10 MHz reference bandwidth and the offsets are carrier centric.
[bookmark: _Toc22912413]7.4.1.8.4	Other regional regulation
While there are additional countries outside of Europe that apply Category B limits, there is a general applicability of Category A limits, where the only variation with the operation frequency is the recommended frequency range for measurements, as shown in table 7.4.1.8.2‑1. 
As an example, Japan develops specific unwanted emission regulation for new bands, but has no generic regulation in frequency ranges where no bands are presently defined, such as 7 - 24 GHz. The same is true for FCC, which has specific emission limits for each band and type of service, but no generic unwanted emission regulation of emissions that would presently apply in 7 - 24 GHz for mobile service.
[bookmark: _Toc22912414]7.4.1.8.4	Possible new limits in 7 - 24 GHz
As observed above, while limits in 7-24 GHz exist for Category A and for Category B non-AAS, an update of ERC Recommendation 74-01 [34] to add limits for AAS BS in 6 - 24.25 GHz will be needed for Category B for Europe. 
Similar to the limits developed for above 24.25 GHz, the general Category B limit of ‑30 dBm could remain, but the reference bandwidth can possibly be changed, and the limit correspondingly scaled. Note that in the present ERC Recommendation 74-01 [34], such a changed bandwidth is allowed down to 18 GHz.
The new spurious emission limits in 7 - 24 GHz could in this way use a similar approach as for above 24.25 GHz, in particular in the upper part of 7 – 24 GHz. This means applying a larger reference bandwidth together with an explicit operating band centric mask. At lower frequencies closer to 6 GHz, an in-between solution giving a smoother transition to the limits in figure 7.4.1.8.3-1 may be implemented. Further studies will be needed for what reference bandwidth that are possible below 18 GHz, also from a victim point of view.
The frequency offsets needed for defining the separation between the spurious emissions and an operating band centric OBUE mask may be different from the ones above 24.25 GHz. 
[bookmark: _Toc22912415]7.4.1.9	TX IMD
TX IMD is specified under the assumption that the BS is co-located with another BS of the same class, output power and antenna configuration. The reverse interferer specified in the TX IMD requirement is therefore based on the BS output power (as interfering BS is assumed to be the same power) and the isolation between the 2 systems.
· For BS type 1-C the isolation between the victim and aggressor antenna ports is 30dB.
· For BS type 1-H an intra system requirement is defined.
· For BS type 1-O co-location a co-location reference antenna is specified and placed physically at a distance of 10cm from AAS BS and the full BS power is fed into it as an interferer.
For FR2 the OTA scenario is the same however it can be shown that the isolation is such that the requirement becomes unnecessary.
Under these conditions the BS must meet all the emission requirements.
The necessity of the TX IMD requirement can be analyzed by understanding the isolation, the aggressor Pout and the emissions requirements (notably ACLR), as frequency increases the ACLR requirement is smaller, achievable Pout is lower and isolation increases. As none of these parameters will be decided for the 7 to 24GHz region will be agreed in the SI the need for TX IMD cannot be accurately analyzed however it is clear as the frequency increases the needed for a TX IMD requirements reduces.
If a Tx IMD requirement is needed in the 7 - 24 GHz region then it will be a co-location requirement, co-location in the 7 - 24 GHz region has a number of implementation issues, see subclause 7.4.1.10, which may require a new method of injecting the interfering signal.
[bookmark: _Toc22912416]7.4.1.109	Co-location requirements
[bookmark: _Toc22912417]7.4.1.109.1	General
For FR1 BS transmitter requirements there are three4 different categories of requirements which are specified using the co-location reference antenna concept (see TS 38.141-2 [6]):
· Spurious emissions (Protection of the BS receiver of own or different BS and co-location requirement)
· Transmitter ON/ OFF power level
· Transmitter intermodulation
· Out-of-band co-location blocking
For NR BS type 2-O there are currently no co-location requirements specified. It has been shown that the increased isolation between co-located BS and the lower ACLR requirements mean transmitter intermodulation requirements are not needed. For FR2 BS, the transmitter ON/OFF power requirement is specified as a TRP requirement. Transmitter spurious emissions and out-of-band co-location blocking requirements have been not specified in release 15 of the TS 38.104 [5] as co-location between FR2 systems with the current band allocation is not seen as very probable.
In addition, it has been shown that due to the high isolation between FR1 and FR2 antennas that no co-location requirements are needed between FR1 and FR2 or vice versa.
For BS type 1-O the co-location scenarios are defined as having a co-location reference antenna placed at a distance (edge to edge) of 10 cm from the BS. At this distance the worst case isolation found between two passive 2 GHz BS antennas was 30 dB. The same coupling factor of 30 dB has been used to derive all the conducted co-location requirements for BS type 1-C and BS type 1-H.
The coupling assumption and the definition of the co-location reference antenna are based on the co-located system being the same frequency as the BS as this is assumed worst case. For OTA requirements when the co-located system is a different frequency the co-location reference antenna is one suitable for that frequency. This method assumes that the co-located system is in a band where a non-AAS BS and passive antenna are used.
[bookmark: _Toc22912418]7.4.1.109.2	Co-location emissions
If there are no co-location requirements then we can assume that worst case the BS will be radiating CAT B emissions levels and co-location of two base station can’t be guaranteed without degradation of the victim base station sensitivity.
Using the noise figure from the technology overview in table 5.5.1-1 and assume the same degradation of victim sensitivity as for FR1 base station (1dB degradation) the emission level at the victim can be determined. A similar level of protection to the victim receiver as provided for FR1 the co-location noise in the victim must conservatively be less than -110dBm/100 kHz. If CAT B emissions are assumed then an isolation of at least 70dB will be required, this is greater than the isolation assumed for FR2 and as such it seem likely that co-location emissions requirements of some sort are required in the 7 - 24 GHz region.
Considering the BS type 1-O style co-location requirements they have three difficulties when considering their use at higher frequencies:
· The emissions power levels out of the co-location reference antenna required to secure the victim receiver sensitivity are very low as such difficult to measure.
· Define a relevant co-location scenario; e.g. distance between co-location reference antenna and base station.
· The antennas used for conformance testing (co-location test antennas) must be identified and a range of different antennas may be required.
Because of these difficulties it may be necessary to develop a general concept without dependencies to a legacy passive BS antenna.
For type -C and -H type of requirements the antenna-to-antenna isolation needs careful consideration.
For BS type 1-O the emissions power levels are set at the output of the co-location reference antenna and are very low and as such requires a very low noise figure test system to measure and requires that the test system noise is calibrated out from the final measurement.
For a higher frequency system, we predict that the noise figure and hence the receiver sensitivity will be higher and hence the co-location power level will be  similarly higher, however the same high noise figure will impact the measurement equipment. The effect on the measurement equipment could be greater than that on the BS receiver as not only the higher LNA NF but also cable loss etc. has to be taken into account. As such the measurement of the power level is likely to become harder in the 7 - 24 GHz frequency region.
The availability of passive BS antennas in the 7 - 24 GHz frequency region is also likely to be a problem. Many frequency bands will rely on OTA only systems which do not have traditional passive antenna. As such co-location test antennas will have to be designed specifically for the purpose and will not represent a real scenario as is intended with the existing BS type 1-O co-location requirements.
Specifying and measuring co-location emissions levels in the 7 - 24 GHz region is more difficult than in BS type 1-O and may require an alternative approach.
7.4.1.9.3	TXIMD
TX IMD is specified under the assumption that the BS is co-located with another BS of the same class, output power and antenna configuration. The reverse interferer specified in the TX IMD requirement is therefore based on the BS output power (as interfering BS is assumed to be the same power) and the isolation between the 2 systems.
· For BS type 1-C the isolation between the victim and aggressor antenna ports is 30dB.
· For BS type 1-H an intra system requirement is defined.
· For BS type 1-O co-location a co-location reference antenna is specified and placed physically at a distance of 10cm from AAS BS and the full BS power is fed into it as an interferer.
For FR2 the OTA scenario is the same however it can be shown that the isolation is such that the requirement becomes unnecessary.
Under these conditions the BS must meet all the emission requirements.
The necessity of the TX IMD requirement can be analyzed by understanding the isolation, the aggressor Pout and the emissions requirements (notably ACLR), as frequency increases the ACLR requirement is smaller, achievable Pout is lower and isolation increases. As none of these parameters will be decided for the 7 to 24GHz region will be agreed in the SI the need for TX IMD cannot be accurately analyzed however it is clear as the frequency increases the needed for a TX IMD requirements reduces.
If a Tx IMD requirement is needed in the 7 - 24 GHz region then it will be a co-location requirement, co-location in the 7 - 24 GHz region has a number of implementation issues, which may require a new method of injecting the interfering signal.
[bookmark: _Toc22912419]7.4.1.1110	Co-existence requirements
[bookmark: _Toc22912420]7.4.1.1110.1	General
Co-existence emissions requirements are captured as additional requirements in the spurious emissions part of the specification. The requirements may be applied for the protection of system operating in frequency ranges other than the BS downlink operating band as an optional protection of such systems that are deployed in the same geographical area as the BS.
In release 15 there are co-existence emissions requirements specified for FR1 but not for FR2.
[bookmark: _Toc22912421]7.4.1.1110.2	Background
FR1 requirements are based on the analysis done for UTRA BS as documented in TR 25.942 [22].
The scenario considered is an un-coordinated cell layout with and ISD of 500m, where the victim BS is 288 m () from the aggressor.
[image: ]
Figure 7.4.1.3.2-1 Co-existence in same geographical area 	scenario
For FR1 the emissions level is calculated at 2GHz and the same value is used for all frequencies. Whilst it is the case that as frequency increases the path loss increases the ISD may also shrink (for the same reason) so this is a reasonable assumption.
FR2 release 16 has no co-existence emissions requirements, as with co-location emissions this is due to the low number of FR2 bands making co-existence unlikely. In addition the high path loss and the beam forming nature of FR2 systems make interference between BS more unlikely. No co-existence requirements have been created for FR2.
[bookmark: _Toc22912422]7.4.1.1110.3	Co-existence emissions
In the 7 to 24 GHz region it is expected the lower frequencies may behave more like FR1 and the higher frequencies may like FR2. Further study is needed to determine whether co-existence requirements are needed, depending on the specific frequency and band. 
[bookmark: _Toc5938269][bookmark: _Toc22912423]7.4.2	Receiver requirements
[bookmark: _Toc5938270][bookmark: _Toc22912424]7.4.2.1	Rx requirements overview
Summary of the conducted and radiated Rx requirements specified in Rel-15 for the NR BS is presented in this subclause. More detailed elaboration on the motivation on selected requirements is provided in dedicated subclauses below. 
All the findings captured for the conducted requirements in table 7.4.2.1-1 and related subclauses below are considered to be applicable to the (sub)-range of the 7 – 24 GHz for which the conducted requirements will be found to be feasible during related WI.
While radiated requirements are considered to be applicable to the whole 7 – 24 GHz range, their definitions, values and levels may differ across the 7 – 24 GHz range. 
Table 7.4.2.1-1: Overview of conducted Rx requirements for NR BS in 7 – 24 GHz range
	Rx requirement
	Conclusions from SI
	Items to be completed in related WI

	Reference sensitivity level
	
	

	Dynamic range
	Requirement will have to be re-calculated to account for an updated NF, IM and the supported set of NRB and SCS. Required SNR for the wanted signal to be re-simulated. 
For the derivation of the requirement: reuse the 95% throughput threshold, reuse the 16QAM-based FRC (if possible).
	Value(s) of the NF, IM and required SNR.


	In-band selectivity and blocking
	ACS
	
	

	
	In-band blocking
	
	

	Out-of-band blocking
	General out-of-band blocking
	
	

	
	Co-location
	
	

	Receiver spurious emissions
	
	

	Receiver intermodulation
	
	

	In-channel selectivity
	
	



Table 7.4.2.1-2: Overview of radiated Rx requirements for NR BS in 7 – 24 GHz range
	OTA Rx requirement
	Conclusions from SI
	Items to be completed in related WI

	OTA sensitivity
	
	

	OTA reference sensitivity level
	
	

	OTA dynamic range
	For FR1-like (sub)-range: reuse FR1 approach of deriving the OTA requirement.
For FR2-like (sub)-range: further investigation will be required to decide if the OTA dynamic range requirement in the FR2-like (sub)-range of 7 – 24 GHz range can be skept.

Value(s) of the NF, IM and required SNR to be reused from the conducted requirement for 7 – 24 GHz.
For the derivation of the requirement: reuse the 95% throughput threshold, reuse the 16QAM-based FRC (if possible).
	Evaluations for the FR2-like (sub)-range.

	OTA in-band selectivity and blocking
	OTA ACS
	
	

	
	OTA in-band blocking
	
	

	OTA out-of-band blocking
	General out-of-band blocking
	
	

	
	Co-location
	
	

	OTA receiver spurious emissions
	
	

	OTA receiver intermodulation
	
	

	OTA in-channel selectivity
	
	



[bookmark: _Toc22912425]7.4.2.2	Receiver sensitivity
[bookmark: _Toc22912426]7.4.2.2.1	Background
There are a number of different receiver sensitivity requirements for the different BS types and frequency ranges, these requirements fulfil 2 roles; 
· Minimum sensitivity which guarantees a certain minimum power level can be demodulated.
· Reference sensitivity which is a reference performance which is met during the interference tests (blocking, RX IMD, etc.)
In the case of the BS type 1-C, and BS type 2-O these 2 are both achieved with a single requirement.
Figure 7.4.2.2.1-1: Summary of receiver sensitivity requirements
	 
	1-C
	1-H
	1-O
	2-O

	Minimum sensitivity
	conducted REFSENS
	OTA sensitivity
	OTA sensitivity
	OTA REFSENS (FR2)

	Reference sensitivity
	conducted REFSENS
	conducted REFSENS
	OTA REFSENS (FR1)
	OTA REFSENS (FR2)



Conducted REFSENS is based on the BS receiver having a noise figure of 5dB (wide area):

 OTA REFENS is represented as an EIS value and also assumes a maximum noise figure as well as an antenna gain:

The difficulty with adding the antenna gain parameter is that antenna gain is a variable and it is not possible to attribute a minimum or fixed value. Even with non-AAS BS with passive antennas the antenna gain varies with deployment. For a passive antenna the beam shape is fixed and hence is directly related to the geographical area the antenna covers or the range of angle of arrival (RoAoA), the larger the RoAoA the lower the antenna gain and hence the higher the minimum EIS.
[bookmark: _Toc22912427]7.4.2.2.2	OTA sensitivity
The OTA sensitivity requirement is a minimum sensitivity requirement and ensures correct operation of the receiver including the integral antenna. OTA sensitivity is a declared parameter, the minimum sensitivity over an associated range of angle of arrivals (RoAoA) are declared (the declaration also allows for the RoAoA to be redirected by non-real time means but this distinction is not needed for simple analysis).
[bookmark: _Toc22912428]7.4.2.2.3	OTA REFSENS
OTA REFSENS is the OTA reference sensitivity requirement which provided equivalence to the existing conducted requirements as both a reference for the interference measurements but also providing some equivalence to the minimum noise figure aspect of the conducted requirement.
As antenna gain is a variable a fixed OTA sensitivity value is not possible, however as antenna gain varies with coverage it is possible to provide a minimum expected gain (and therefore a minimum sensitivity) over a declared coverage area. Hence the declared RoAoA is used to calculate a minimum antenna gain and hence a reference sensitivity. The declared RoAoA corresponds to the 3dB contour of the antenna gain and is called the OTA REFSENS RoAoA.
FR2 has no conducted requirements and no need for equivalence with legacy requirements, as such the sensitivity requirements are OTA only. However the issue still exists that different products may have different maximum antenna gains. In the case of FR2 however beam forming is necassary and hence the coverage area (or RoAoA) is not directly related to the antenna gain as a narrow beam can be steered over the RoAoA. This was not the case in FR1 where the AAS may not have beam steering capability. 
The link between the RoAoA and sensitivity is hence broken, the OTA sensitivity is hence a purely declared variable within a range of expected antenna gains.
[bookmark: _Toc22912429]7.4.2.2.4	7 - 24 GHz
At this stage we must consider all the BS types for the 7 to 24GHz range, however it is clear that OTA BS will be an important implementation. OTA REFSENS will hence be necessary.
OTA REFSENS is slightly different for FR1 and FR2 BS, for FR1 the antenna gain is directly related to the RoAoA as it offers equivalence with the conducted requirement and may need to be applied to non-beam forming architectures. For FR2 it is assumed that the system is beam forming and hence there is no link between the antenna gain and the RoAoA, also there is no equivalence to a conducted requirement.
The 7 to 24GHz BS is expected to require beam forming and whilst there may be conducted requirements there is no legacy so there is no need to provide equivalence between OTA and conducted requirements. As such the FR2 type of OTA REFSENS requirement may be used even if conducted specifications are specified. The appropriate NF and ranges of expected antenna gain can be agreed when the exact operating bands are known.
Conducted requirements for x-C and x-H BS types are based on expected noise figure and hence if needed can easily be derived using the same noise figure values as the OTA REFSENS requirement.
[bookmark: _Toc22912430][bookmark: _Toc18925270]7.4.2.3	Dynamic range
[bookmark: _Toc22912431]7.4.2.3.1		General 
The following is considered to be applicable to both the conducted and radiated dynamic range requirements: 
· For the values of the implementation margin, it cannot be precluded that different IM values could be selected for the (sub)-ranges of 7 – 24 GHz range, leading to different values of the requirements across the frequency.
· The throughput threshold to derive the required SNR for the wanted signal derivation (i.e. 95% of the FRC) can be reused for 7 – 24 GHz range. 
· The 16QAM-based FRCs (for the NRB and SCS that will be supported in the 7 – 24 GHz range) can be reused for 7 – 24 GHz range.
[bookmark: _Toc22912432]7.4.2.3.2		Conducted dynamic range
The conducted dynamic range requirement for 7 – 24 GHz (sub)-range will have to be re-calculated:
· For the wanted and interfering signal levels will have to be re-calculated to account for an updated NF values and the supported set of NRB and SCS, as well as the implementation margin (IM). 
· For the wanted signal: required SNR will be subject to the simulation campaigns.
[bookmark: _Toc22912433]7.4.2.3.3		OTA dynamic range
For the OTA dynamic range requirement the following was concluded: 
· For the FR1-like (sub)-range of the 7 – 24 GHz range: the same approach of deriving the OTA requirement from the conducted dynamic range requirement can be reused, i.e. conducted requirement plus ΔOTAREFSENS offset. 
· For the FR2-like (sub)-range of the 7 – 24 GHz range: as there was no such requirement defined for FR2, further investigation will be required to decide if the OTA dynamic range requirement in the FR2-like (sub)-range of 7 – 24 GHz range can be skept. Based on the estimated dynamic range value(s), the FR2 BS demodulation requirements could be also considered to assess for the required SNR values (and their relation to the noise floor levels), to further evaluate the need for the OTA dynamic range requirement in FR2-like (sub)-range of 7 – 24 GHz range.
[bookmark: _Toc22912434]7.4.2.4	In-band blocking
[bookmark: _Toc22912435]7.4.2.4.1	Background
In-band blocking levels are identified by using co-existence simulations to identify the cdf of in-band interference levels. For conducted system analysis only the interferer was considered, however for OTA systems this method is not suitable as the level varies depending on the architecture of the victim
· An RF beam forming system applies the beam forming to both the wanted signal and the interferer. As such if the interferer is in the same direction as the wanted signal it is much larger, however the probability of this occurring is low. If the interferer is in a different direction then it is attenuated by the beam forming.
· A BB beam forming system only applies the beam forming in the BB, therefore the RF front end is exposed to only the element gain. The element gain is much lower, however the beam is wider and hence the probability of the gain being applied is greater.
In addition it was found that the direction of the worst case blockers is not stable and hence testing the worst case interferer level in the reference direction may result in a level which is not consistent with the findings of the simulation. For compliance it is preferable to have the interferer and the wanted signal coming from the same direction.
For the OTA requirements however it was found that the ratio between the wanted signal and the in-band interferer was less dependent on the architecture so by setting the blocking level as an offset from the OTA REFSENS offered an architecturally independent method for setting the blocking level. 
The FR1 and FR2 in-band clocking specs are hence:
Figure 7.4.2.4.1-1: Wide area in-band blocking wanted signal and interferer levels
	BS type
	1-C
	1-H
	1-O
	2-O

	Wanted signal (dBm)
	-101.7 + 6
	-101.7 + 6
	-101.7 - ΔOTAREFSENS + 6
	EISREFSENS_50M + ΔFR2_REFSENS + 6

	Interferer level (dBm)
	-43
	-43
	-43 - ΔOTAREFSENS
	EISREFSENS_50M + 33 + ΔFR2_REFSENS

	Delta (dB)
	52.7
	52.7
	52.7
	27



It can be seen all the FR1 levels are consistent and the FR2 levels is lower.
[bookmark: _Toc22912436]7.4.2.4.2	7 to 24 GHz
In-band requirements dependent on the sensitivity requirements, as the sensitivity is used as a metric of the receiver performance under interference conditions. The in-band blocking requirement for 7 to 24 GHz must therefore be consistent worth the methodology used for sensitivity. The proposed metrics for sensitivity are identified in sub-clause 7.4.2.x. 
As the 7 to 24 GHz specification has to deal with all the BS types and implementation architectures the in-band blocking level should be set based on the wanted signal to interferer level in the same way as the FR2 levels. The conducted requirement can then be extracted by using the same delta on the conducted REFSENS value. As there are no existing conducted requirements to maintain equivalence to and the 7 to 24 GHz range will primarily consider beam forming systems it is suitable to derive the OTA requirements 1st and then apply the same methodology to the conducted.
The delta value for the 7 to 24 GHz range would be expected to be between the FR1 and FR2 values (58.7 to 33 dB), however the precise values would have to be found by blocking simulation once the operating frequencies ate known and co-existence simulation parameters have been defined.
Over the 7 to 24 GHz range it is possible there are multiple in-band blocking deltas covering different frequency ranges.
[bookmark: _Toc22912437]7.4.2.5	Out-of-band blocking requirements
[bookmark: _Toc22912438]7.4.2.5.1	Background
Conducted requirement 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 7.4.2.2-1. 
The OTA requirement is defined for both FR1 and FR2 which are concluded below in table 7.4.2.2-1 and it can be found that a discontinuity point of the requirement occurs at 12.75 GHz. 
 Table 7.4.2.5.1-1: OTA OOB blocking requirement
	
	Frequency range of interfering signal
(MHz)
	Interferer RMS field-strength
(V/m)
	Type of interfering signal

	BS type 1-O
BS type 2-O
	30 to 12750
	0.36
	CW

	BS type 2-O
	12750 to FUL,low – 1500
	0.1
	CW

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



The 0.36 V/m from 30 MHz to 12750 MHz is based on the calculation of -15 dBm conducted requirement at frequency 2 GHz and 17 dBi antenna gain which are the study result for the specific sample frequency of FR1. 
The OTA requirement converts this fixed power level to a fixed field strength at 30 m:
	EIRP(30m) = Prx – Gant + FSPL(30m) = -15dBm – 17dBi + 68dB(frequency=2 GHz, FSPL 30m)  = 36 dBm

[image: ]
Figure 7.4.2.5.1-1 OOB blocking requirement from 30 MHz to 12.75 GHz
For FR2 study has been carried out at sample frequency 26 GHz and the blocking signal is calculated as 0.1 V/m and applied to the whole frequency range as shown below in figure 7.4.2.2-2. Note when FR2 requirements were derived no systems between 7 to 24 GHz were considered.
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 beam has high gain and is pointed at UE’s at the ground then there is a down tilt loss of 13 dB considered.
With the interferer at a distance of 200 m this gives an interfering field strength of:

[image: ]
Figure 7.4.2.2-2 OOB blocking requirement above 12.75 GHz
[bookmark: _Toc22912439]7.4.2.5.2	Out-of-band blocking
For new frequency range 7 – 24 GHz, new sample frequency will be chosen. Take 10 GHz as an example, the new interferer calculated at 10 GHz will be applied from X GHz to Y GHz as shown in figure 7.4.2.5.2-1.
[image: ]
Figure 7.4.2.5.2-1: New interfere considering new sample frequency
Definition of the new interferer level, applicable from frequency X GHz to frequency Y GHz, is out of scope of the SI and will be further studied during the future WI.

7.4.2.5.3	Out-of-band co-location receiver blocking
For FR1 BS, requirements which are specified using assumptions on antenna port-to-port isolation between two co-located base stations is referred to as co-location requirements. For the receiver co-location requirement for out-of-band blocking is specified for BS type 1-C, BS type 1-H and BS type 1-O. For NR BS type 2-O there are currently no co-location requirements specified.
In addition, it has been shown that due to the high isolation between FR1 and FR2 antennas that no co-location requirements are needed between FR1 and FR2 or vice versa.
For BS type 1-O the co-location scenarios are defined as having a co-location reference antenna placed at a distance (edge to edge) of 10 cm from the BS. At this distance the worst-case isolation found between two passive 2 GHz BS antennas was 30 dB. The same coupling factor of 30 dB has been used to derive all the conducted co-location requirements for BS type 1-C and BS type 1-H.
The coupling assumption and the definition of the co-location reference antenna are based on the co-located system being the same frequency as the BS as this is assumed worst case. For OTA requirements when the co-located system is a different frequency the co-location reference antenna is one suitable for that frequency. This method assumes that the co-located system is in a band where a non-AAS BS and passive antenna are used.
For BS operating within 7 GHz to 24 GHz, the necessity of the out-of-band colocation receiver blocking requirement can be analyzed by understanding the isolation, the aggressor Pout. As none of these parameters will be decided for the 7 to 24GHz region will be agreed in the SI the need for out-of-band co-location receiver blocking cannot be accurately analyzed however it is clear as the frequency increases the needed for a out-of-band co-location receiver blocking requirements reduces.
If a out-of-band co-location receiver blocking requirement is needed in the 7 - 24 GHz region then it will be a co-location requirement, co-location in the 7 - 24 GHz region has a number of implementation issues, which may require a new method of injecting the interfering signal.
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