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Foreword
This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
[bookmark: _Toc9865785]
1	Scope
The present document is a technical report for the study item on 7.125 – 24.250 GHz frequency range, covering the regulatory framework study, general RF aspects, as well as BS- and UE-specific aspects.
NOTE 1: During Rel-15 work on NR frequency bands, the FR1 frequency range was initially defined up to 6 GHz. At later stage of Rel-15, the FR1 was agreed at RAN#82 meeting to be extended up to 7.125 GHz in order to incorporate the NR-U work and potential licensed operation.
NOTE 2: For simplicity purposes, whenever the term “7-24 GHz” will be used in this technical report, the frequency range of 7.125 – 24.250 GHz shall be considered. 
This TR intends to provide information on the feasibility of NR operation in 7 – 24 GHz frequency range for set of potential deployment scenarios, considering BS RF and UE RF technology capabilities taking into account possible ranges for key requirements. 
This TR does not intend to provide specific recommendations on NR system parameter values to be defined, nor specific RF or EMC requirement values to be defined for UE or BS operation in this frequency range, as those aspects are considered to be covered by the follow-up WI. 
[bookmark: _Toc9865786]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TR 38.913: “Study on Scenarios and Requirements for Next Generation Access Technologies”
[3]	3GPP TS 38.113: “NR; Base Station (BS) ElectroMagnetic Compatibility (EMC)”
[4]	3GPP TR 38.817-02: “NR; General aspects for Base Station (BS) Radio Frequency (RF) for NR”
[5]	3GPP TS 38.104: "NR; Base Station (BS) radio transmission and reception"
[6]	3GPP TS 38.141-2: "NR; Base Station (BS) conformance testing Part 2: Radiated conformance testing"
[7]	Recommendation ITU-R SM.329-12: "Unwanted emissions in the spurious domain"
[8]	IEC 61000-4-3: 2006+AMD1:2007+AMD2:2010 CSV: "Electromagnetic compatibility (EMC) - Part 4-3: Testing and measurement techniques - Radiated, radio-frequency, electromagnetic field immunity test"
[9]	Hua Wang et al., "Power Amplifiers Performance Survey 2000-Present," Available: https://gems.ece.gatech.edu/PA_survey.html
[10]	3GPP TS 37.105: “Active Antenna System (AAS) Base Station (BS) transmission and reception”

[bookmark: _Toc9865787]3	Definitions, symbols and abbreviations
[bookmark: _Toc9865788]3.1	Definitions
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5]For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
BS type 1-C:	NR base station operating at FR1 with requirements set consisting only of conducted requirements defined at individual antenna connectors
BS type 1-H:	NR base station operating at FR1 with a requirement set consisting of conducted requirements defined at individual TAB connectors and OTA requirements defined at RIB
BS type 1-O:	NR base station operating at FR1 with a requirement set consisting only of OTA requirements defined at the RIB
BS type 2-O:	NR base station operating at FR2 with a requirement set consisting only of OTA requirements defined at the RIB 
FR1: frequency range defined between 410 MHz to 7125 MHz
FR2: frequency range defined between 24250 MHz to 52600 MHz
[bookmark: _Toc9865789]3.2	Symbols
For the purposes of the present document, the following symbols apply:
Symbol format (EW)
<symbol>	<Explanation>

[bookmark: _Toc9865790]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
AAS BS	Active Antenna System Base Station
FR	Frequency Range
OTA	Over The Air
RIB	Radiated Interface Boundary
TAB	Transceiver Array Boundary
NR		New Radio






[bookmark: _Toc9865791]4	Regulatory landscape survey
[bookmark: _Toc9865792][bookmark: _Toc519246576]4.1	General 
Editor’s note: Conduct a regulatory landscape survey for each geographical area. This clause was planned to be completed once the WRC-19 conclusions will become available, but not later than RAN4#93.



[bookmark: _Toc9865793]5	Study on general aspects
Editor’s note: consider aspects common to BS and UE
[bookmark: _Toc9865794]5.1	General
[bookmark: _Toc9865795]5.2	Selection of example frequencies
The performance trends related to vital components and technologies to be used within the frequency range 7 - 24 GHz indicates that the frequency range needs to be split up into sub-ranges, each with one example frequency. The intension with the example frequencies is that the technology evaluation is supposed to be performed per example frequency. The example frequencies are listed in table 5.2-1. 
Table 5.2-1: Example ranges
	Example range

	Frequency
(GHz)
	Example frequency
(GHz)

	1
	7.125 to [10-13]
	10

	2
	[10-13] to [16-18]
	15

	3
	 [16-18] to 24.250
	20



The above example ranges will be selected only for purpose of RF technology analyses during SI and shall not be confused with potential new frequency ranges (as compared to the FR1 or FR2 defined for NR) and band plan which could be defined by RAN4 in harmonization with other services for NR in future. 
The above example ranges are not fixed and could be modified based on RF technology findings during the SI phase. 
In case outcomes of the RF requirement analyses will be found as sufficiently similar across adjacent example ranges, RAN4 will consider merging them towards SI conclusion on FR1/FR2 extension and/or new FR introduction.
[bookmark: _Toc5938249][bookmark: _Toc9865796]5.3	Comparison of FR1 and FR2 characteristics
Editor’s note: compare FR1 and FR2 for potential consequences of extensions within 7-24 GHz range.
[bookmark: _Toc9865797]5.4	RF technology considerations in the 7-24 GHz range
Editor’s note: This section is intended to capture conclusions on the performance of key technologies in the BS and UE in the range, such as power amplifiers, filters, receivers, phase noise etc.
[bookmark: _Toc5697985][bookmark: _Toc9865798]5.4.1	PA trends
For 7 – 24 GHz frequency range, it is essential to perform in-depth analysis of power amplifiers based on different semi-conductor technologies. In addition, complex relation between output power, ACLR (linearity) and efficiency is an important aspect considering the performance and feasibility for example frequencies.
The PA technology and trends are based on professor Hua Wang [3] work where a large power amplifier survey consisting of more than 2000 data points were published in 2008. Wang’s database covers published results from year 2000 and beyond, both from the open literature, as well as commercial amplifiers from various vendors. 
Based on this material a more comprehensive analysis of achievable power amplifier performance has been investigated. The analysis covers the peak output power and power added efficiency. It should be noted that for all presented characteristics, the results are based on peak power, non-linearized power amplifiers without considering the bandwidth impact to show the trends with respect to frequency for different technologies.
[bookmark: _Toc5698004][bookmark: _Toc9865799]5.4.1.1	Saturated peak output power
In figure 5.4.1.1-1, a scatter diagram of saturated output power as a function of operating frequency for silicon technologies is shown. The technologies are grouped in three categories: LDMOS, CMOS and SiGe. The attainable output power at a given operating frequency is limited by the saturated electron velocity and the breakdown field strength in a given semiconductor material. This is captured in Johnsons’ figure of merit which states that the maximum output power will decrease with 20 dB/decade as the operating frequency is increased. The black line conveys the limitation due to Johnsons’ figure of merit.
[image: ]
Figure 5.4.1.1-1: Saturated output power versus frequency for LDMOS, CMOS and SiGe 
Figure 5.4.1.1-2 presents the maximum output power as function of operating frequency for two compound semiconductor technologies: GaAs and GaN. Higher output power can be achieved but would necessitate excessive power combining associated with decreased operating efficiency.
[image: ]
Figure 5.4.1.1-2: Saturated output power versus frequency for GaAs and GaN
[bookmark: _Toc9865800]5.4.1.2	Efficiency
In the previous section the output power capability was analyzed using published power amplifier data. In this subclause the same dataset will be used to study the efficiency of available semiconductor technologies.
In figure 5.4.1.2-1 (left), a scatter diagram of peak power added efficiency as function of operating frequency for power amplifiers made using silicon transistors (i.e. LDMOS, CMOS and SiGe). In figure 5.4.1.2-1 (right) the same parameters are plotted for compound semiconductor transistors (i.e. GaAs and GaN). As expected the efficiency is mainly dependent on the operating frequency and not the transistor technology. The wide spread of data is mainly due to different power levels and different amplifier architectures (e.g. class-A, class-AB, Doherty etc.).
[image: ][image: ]
Figure 5.4.1.2-1: Peak power added efficiency versus frequency
[bookmark: _Toc9865801]5.5	Key parameters over the 7-24 GHz range
Editor’s note: Conclusions on ranges for some key parameters from a technology capability perspective (Output power, ACLR, noise figure etc.)
[bookmark: _Toc9865802][bookmark: _Toc5938253]5.5.1	Noise figure
Receiver Noise Figure (NF) is one of the essential metrics for determining receiver requirements. For determining typical NF value some fundamental principles should be considered:
· The NF is not given by the LNA alone, but also by bandwidth, linearity and dynamic range dependencies as there is a delicate balance which should be considered when future requirements are specified.
· A full RF receiver chain all the way up to radiating elements should be addressed as all parts in the chain would contribute to the overall receiver performance including switch (for TDD), routing and filter losses, etc.
· For some compact and highly integrated building practices with many transceivers and antennas, the power efficiency and heat dissipation in small area/volume is necessary needs to be considered. 
· As an example, in the context of NF, it might be possible to reduce the noise contribution from ADC by using more bits, but this would have significant implication in terms of power consumption and heat dissipation aspect as a single added bit to ADC would result in four times higher power consumption. In general the ADC power consumption is proportional to
BW2 · DRACD
      where DRACD is the ADC dynamic range. 
Table 5.5.1-1	Typical noise figure for 7 - 24 GHz example frequencies
	Example frequency (GHz)
	Typical NF values for NR BS (dB)
	Typical NF values for NR UE

	10
	7 
	TBD

	15
	8
	TBD

	20
	9
	TBD




[bookmark: _Toc9865803]5.5.1.1	NF Analysis for NR BS 
Considering recent state-of-the-art LNA only noise figure publications, figure 5.5.1.1-1 presents the LNA only noise figure for different semi-conductor technologies over frequency based on published data [x].
[image: ]
Figure 5.5.1.1-1	LNA only NF trend over frequency
The typical noise figure values presented in table 5.5.x-1 are based on assumption of pre-LNA noise figure of ~1.8 dB and per example frequency calculation of losses such as routing losses, etc.
[bookmark: _Toc9865804]5.5.x	Power amplifiers
[bookmark: _Toc5938254][bookmark: _Toc9865805]5.5.x	Phase noise
[bookmark: _Toc9865806]5.6	Deployment scenarios
Editor’s note: Considerations on possible deployment scenarios in this range, considering technology capabilities
[bookmark: _Toc9865807]5.7	NR system parameters analysis for 7-24 GHz range
Editor’s note: Study applicable maximum bandwidths and SCS for SSB/PBCH block and control/data 


[bookmark: _Toc9865808]6	NR UE 
Editor’s note: Provide appropriate information on characteristics of UE requirements in 7-24 GHz, including information suitable for RAN WG5 communication
[bookmark: _Toc9865809]6.1	General
[bookmark: _Toc9865810]6.2	NR UE requirements classification
Editor’s note: conducted vs. OTA requirements. 
- Study shall take into account agreed design of RF specifications for UE (different specifications for FR1 and FR2) 
[bookmark: _Toc9865811]6.3	UE RF requirements
Editor’s note:	Study basic RF characteristics (e.g. Max power, NF) and associated device constraints for the example frequencies. As an outcome the device RF characteristics are evaluated for both conducted maximum frequency and OTA minimum frequency
•	At least handheld mobile and FWA UE’s are in the scope




[bookmark: _Toc9865812]7	NR BS 
[bookmark: _Toc9865813]7.1	General
For the purposes of this SI, the RF technology analyses of the NR BS operation in 7-24 GHz frequency range are limited to the single-band operation, only.
[bookmark: _Toc9865814]7.2	BS architecture and requirements classification
Editor’s note:	Study applicability (or lack thereof) of conducted/hybrid/radiated requirement sets for these bands/frequencies, with a focus on how to define a boundary frequency and/or boundary conditions for conducted domain and OTA domain requirements. 
•	Consider different BS architecture options. Note in Rel-15, there are non-AAS architectures (BS type 1-C for FR1) and AAS BS architectures (BS type 1-H, BS type 1-O for FR1 and BS type 2-O for FR2) for NR BS.
Consider likely antenna array sizes to cover the identified deployment scenarios
[bookmark: _Toc535320563][bookmark: _Toc9865815]7.2.1	Requirement sets
The NR RF core specification defines multiple requirement sets. The requirement set support is different for FR1 and FR2. In table 7.2.1-1, the requirement set defined in NR are listed. Together, the requirement set category and frequency range defines the NR BS type. 
Table 7.2.1-1: Requirement set categories for NR BS
	Requirement set category
	Applicability
	Description

	C – conducted
	Antenna connector(s) for non-AAS architecture or TAB connector(s) for AAS BS architecture; applicable to FR1 only
	All requirements are defined at the RF connector. This is the traditional approach used e.g. for E-UTRA in TS 36.104 [] or for MSR in TS 37.104 []. 

	H – hybrid
	TAB connector(s) or RIB depending on requirement; applicable to FR1 only
	All requirements defined for requirement category C is applicable. However, emission requirements are scaled to capture the whole AAS system and TX IMD is extended. 
In addition, two OTA requirements are defined for output power and sensitivity. This category is referred to as hybrid, since both conducted, and OTA requirements are included. This requirement set category was introduced in TS 37.105 [10] for AAS BS.

	O – OTA, radiated
	RIB; applicable to FR1 and FR2
	All requirements are defined as OTA requirements at the RIB. This requirement set category was introduced in TS 37.105 [10] for AAS BS.



[bookmark: _Toc5938264][bookmark: _Toc9865816]7.3	BS classes
Editor’s note: capture conclusion on the expected BS classes and their definitions. 
[bookmark: _Toc9865817]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: _Toc9865818]7.4.1	Transmitter requirements
[bookmark: _Toc5938267][bookmark: _Toc9865819]7.4.1.1	Tx requirements overview
Editor’s note: placeholder for requirements overview, e.g. table
[bookmark: _Toc5938268][bookmark: _Toc9865820]7.4.1.x	Co-location requirements
[bookmark: _Toc5938269][bookmark: _Toc9865821]7.4.2	Receiver requirements
[bookmark: _Toc5938270][bookmark: _Toc9865822]7.4.2.1	Rx requirements overview
Editor’s note: placeholder for requirements overview, e.g. table
[bookmark: _Toc9865823]7.5	BS EMC requirements
[bookmark: _Toc5938272][bookmark: _Toc9865824]7.5.1	General
The EMC requirements for the NR BS and ancillary equipment are defined in TS 38.113 [3], including emission requirements and immunity requirements. Background on derivation of selected EMC requirements for the AAS BS architecture was captured in the NR technical report TR 38.817-02 [4].
[bookmark: _Toc5938273][bookmark: _Toc9865825]7.5.2	Emission requirements
Irrespective of the BS architecture (i.e. non-AAS or AAS architecture) considered for the NR operation in 7-24 GHz frequency range, the following EMC emission requirements can be directly reused from the existing NR BS specification TS 38.113 [3]: 
· Conducted emission DC power input/output port
· Conducted emissions, AC mains power input/output port
· Conducted emissions, telecommunication port
· Harmonic Current emissions (AC mains input port)
· Voltage fluctuations and flicker (AC mains input port)
The only EMC emissions requirement which has dependency on the BS architecture is the radiated emission requirement. 
[bookmark: _Toc9865826]7.5.2.1		Radiated emission requirements
Based on the discussion on EMC radiated emission requirements for the NR BS, the following findings are also applicable to the NR BS operation in the 7 – 24 GHz frequency range: 
1. For AAS BS architecture not equipped with connectors the NR BS EMC approach for BS type 1-O and BS type 2-O shall be reused:
a) EMC radiated emissions cannot be distinguished from the RF radiated spurious emissions in the OTA test setup, therefore it becomes a single emission requirement. This requirement is performed by measuring TRP emissions at the enclosure of the DUT with the transmitters switched ON and not terminated, radiating the output power subject to the antenna array gain. 
b) The measurement is performed at the rated output power. 
c) The core requirement shall be captured in the BS RF specification TS 38.104 [5] under the OTA transmitter spurious emission requirement, subject to radiated conformance test specification TS 38.141-2 [6]. 
d) Emission limits shall be based on the ITU-R SM.329 [7] recommendation.
2. For non-AAS BS architecture equipped with antenna connectors the NR BS EMC approach for BS type 1-C shall be reused.
NOTE: 	The above summary can be further updated once the decision on the BS architecture will be taken for the 7 – 24 GHz operation (e.g. in case the non-AAS architecture will be excluded).
[bookmark: _Toc5938274][bookmark: _Toc9865827]7.5.3	Immunity requirements
Irrespective of the BS architecture (i.e. non-AAS or AAS architecture) considered for the NR operation in 7 – 24 GHz frequency range, the following EMC immunity requirements can be directly reused from the existing NR BS specification TS 38.113 [3]: 
· Electrostatic discharge
· Fast transients common mode
· RF common mode (0.15 MHz - 80 MHz)
· Voltage dips and interruptions
· Surges, common and differential mode
The only EMC immunity requirement which has dependency on the NR BS architecture is the radiated immunity requirement.
[bookmark: _Toc9865828]8.3.3.1		Radiated immunity 
As of Rel-15 timeframe, the IEC 61000-4-3 [8] specification defines the radiated immunity requirement up to 6 GHz. This frequency limit would also apply to the EMC radiated immunity testing of the NR BS operating in the 7 – 24 GHz frequency range, until any future updates to the IEC specification are released. 
Based on the discussion on EMC radiated immunity requirements for the NR BS with AAS BS architecture (i.e. no antenna connectors available), the findings on solutions for the RF Rx chain protection from higher radiated power levels in the OTA test chamber are considered to be also applicable to the NR operation in the 7 – 24 GHz frequency range. The following alternative solutions are applicable to NR BS for the purposes of the RF chain protection during the EMC radiated immunity testing: 
· Spatial exclusion zone, as described in TS 38.113 [3], subclause 9.2,
· Extended frequency exclusion, as described in TS 38.113 [3], subclause 4.4.2.

[bookmark: historyclause][bookmark: _Toc9865829]
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