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1 Introduction
There are currently 2 frequency ranges defined for NR along with appropriate BS architectures for the specification types.
This paper discusses how the frequencies between 7-24GHz may fit in with this structure.
2 Discussion
In [1] we propose that the 7-24GHz study items splits the range into 3 blocks for the purposes of the study. This does not imply that we think there should be 3 new frequency ranges only that the study should consider the 3 blocks and how they may be included in the specification.

2.1 Current specification

Currently there are 2 frequency ranges:

· FR1

· 3 architecture types, 1-C (non-AAS conducted), 1-H (AAS conducted + OTA), 1-O (OTA only)

· Requirements based on non-AAS offering equivalent performance and protection

· Leads to OTA declarations which are used to equate to conducted performance levels.

· All BS types have co-location requirements

· FR2

· All OTA, single architecture, 2-O

· No equivalent conducted requirements

· OTA declarations are somewhat simpler

· No co-location requirements

In terms of frequency and architecture separation the current specification structure has the following features

· The specification structure is split into conducted and radiated. 
· Conducted part covers BS type 1-C and 1-H, 
· Radiated part covers 1-H, 1-O and 2-O.
· Each requirements is listed with separate minimum requirements for the specific BS types – not all BS types have every requirement.
· Within a minimum requirement section there may be further sub-divisions for frequency e.g. below 1GHz and above 1GHz OBUE are different.

The specification defines FR1 and FR2 frequency ranges
	Frequency range designation
	Corresponding frequency range 

	FR1
	450 MHz – 6000 MHz

	FR2
	24250 MHz – 52600 MHz


It then further defines the BS types as belonging to a specific frequency range

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

However the core requirements are not defined as FR1 or FR2 requirements explicitly.

2.1.1 Frame structures and Test models

Currently for requirements such as EVM and OTA reference sensitivity where the modulation of the signal is important reference measurement channels and test models are defined. For example considering reference sensitivity:

For FR1

Table 10.3.2-1: Wide Area BS reference sensitivity levels

	BS channel bandwidth (MHz)
	Sub-carrier spacing (kHz)
	Reference measurement channel
	 OTA Reference sensitivity level, EISREFSENS
 (dBm)

	5, 10, 15
	15
	G- FR1-A1-1
	-101.7 - ΔOTAREFSENS

	10, 15 
	30
	G- FR1-A1-2
	-101.8 - ΔOTAREFSENS

	10, 15
	60
	G- FR1-A1-3
	-98.9 - ΔOTAREFSENS

	20, 25, 30, 40, 50 
	15
	G- FR1-A1-4
	-95.3 - ΔOTAREFSENS

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100 
	30
	G- FR1-A1-5
	-95.6 - ΔOTAREFSENS

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100 
	60
	G- FR1-A1-6
	-95.7 - ΔOTAREFSENS

	NOTE:
EISREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of the reference measurement channel mapped to disjoint frequency ranges with a width corresponding to the number of resource blocks of the reference measurement channel each, except for one instance that might overlap one other instance to cover the full BS channel bandwidth.


And for FR2

Table 10.3.3-1: FR2 OTA Reference sensitivity requirement

	BS channel Bandwidth
(MHz)
	Sub-carrier spacing (kHz)
	FRC
	EISREFSENS level

(dBm)

	50, 100, 200
	60
	G-FR2-A1-1
	EISREFSENS_50M + ΔFR2_REFSENS

	50
	120
	G-FR2-A1-2
	EISREFSENS_50M + ΔFR2_REFSENS

	100, 200, 400
	120
	G-FR2-A1-3
	EISREFSENS_50M + 3 + ΔFR2_REFSENS

	NOTE 1:
EISREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of the reference measurement channel mapped to disjoint frequency ranges with a width corresponding to the number of resource blocks of the reference measurement channel each, except for one instance that might overlap one other instance to cover the full BS channel bandwidth.
NOTE 2:
The declared EISREFSENS_50M shall be within the range specified above.


There are some clear differences, the FRC’s are named FR1 and FR2 is a clear difference. But also the BS channel BW and the sub-carrier spacing are different.
Observation: Selection of FR1 or FR2 impacts more than the RF parameters, channel BW’s and sub-carrier spacing’s are different between the frequency ranges.
2.1.2 Impact on other RAN working groups specifications
Whilst looking at the FR1 range extension in the last meeting, it was discussed that the signalling indicates the frequency range of the BS and hence in order to include the new frequency’s (6 to 7.125GHz) without impacting the signalling it was important to include them as FR1 (or presumably FR2, although in this case that was not an option). 

Clearly FR1 and FR2 have different channel BW’s and sub-carrier spacing’s, for example currently it is not possible to include a band with <50MHz BW as FR2. 

There are also different procedures for FR1 and FR2 related to the control channels for example, beam sweeping is necessary for FR2 but not FR1. 

The introduction of an FR3 (or FR4, 5,…) may be simple in terms of the RF specification but it may affect the signalling and other parts of the system.
2.2 New Frequencies
It has been proposed in [1] to study the following frequency blocks
· 7 to 10GHz

· 10 to 15 GHZ

· 15 to 24 GHz

At this stage each of these frequency blocks could be either FR1, FR2 or something else.

The specification structure is flexible to allow inclusion of the new frequencies even if they have different requirements to the existing frequencies.
For example:
· Currently all FR1 requirements have co-location requirements – however specific frequency ranges could be excluded from this requirement if there are deemed unnecessary and still remain FR1

· All FR1 frequencies currently share a common ALCR requirement – but new frequencies could have separately defined section in the ALCR minimum requirement with different values.

· FR2 requirements do not include any co-location requirements, however minimum requirements could be included under the current format for specific frequencies only.

So the specification value or indeed the inclusion or not of the specification does not mandate a frequencies inclusion in FR1 or FR2.

Observation: the value or the inclusion or exclusion of a minimum requirement does not mandate inclusion in FR1 or FR2

In addition to this there are examples where the nature of the specification between FR1 and FR2 is different, for example TX OFF power:

· FR1 TX OFF power is specified as output of a co-location reference antennas

· FR2 TX OFF power is a TRP requirement

There is no reason why within a frequency range the nature of specification could vary due to frequency.
Observation: the nature of the specification e.g. co-location or TRP emissions, does not mandate inclusion in FR1 or FR2

Observation: within a frequency range it is feasible to have requirements different in nature for different frequency ranges.

Of course just because the existing frequency range specification structure can be used to include varied new specification for the new frequencies does not mean that this is the best way forward, separating out the new frequencies into new frequency ranges (FR3, FR4) may make the specification clearer.

2.2.1 Options

1. Include all new frequencies as either FR1 or FR2

· Pros

· Beyond new band identifiers should not affect signalling or other higher level procedures

· Can use existing FRC’s test models etc

· No need to define additional BS types

· Can fit in existing specification structure

· Cons

· Multiple requirements for different frequency ranges within the same BS type may make minimum requirements confusing
· Have to live with existing channel BW and SCS combinations

2. Define one or more new frequency ranges (FR3, FR4, … )

· Pros

· New bands are isolated from existing specifications – 

· free to derive new BS types

· Free to derive new channel BW, SCS combinations

· Cons

· Impact to higher levels could be significant as signalling and procedures are different for FR1 and FR2

· Additional frequency ranges and BS types could complicate specification structure.

Unless it is identified as a necessity to have additional frequency ranges then it seems a better approach to capture the RF requirements for the range 7-24GHz within the existing FR1/FR2 structure. The impact will not then be significant beyond the RAN4 specifications.

If it is found that additional signalling or procedures are needed specifically to deal with frequencies in this range then an additional frequency range may be added. 
3 Summary
In this paper the structure of the specification has been investigated with respect to the differences between FR1 and FR2 bases stations. The following observations have been made:
Observation: Selection of FR1 or FR2 impacts more than the RF parameters, channel BW’s and sub-carrier spacing’s are different between the frequency ranges.
Observation: the value or the inclusion or exclusion of a minimum requirement does not mandate inclusion in FR1 or FR2

Observation: the nature of the specification e.g. co-location or TRP emissions, does not mandate inclusion in FR1 or FR2

Observation: within a frequency range it is feasible to have requirements different in nature for different frequency ranges.

There are 2 clear options available for including the 7-24GHz range in the specification structure:

1. Include all new frequencies as either FR1 or FR2

2. Define one or more new frequency ranges (FR3, FR4, … )

· This include the option that some frequencies could be included in existing FR1/FR2 and some in new frequency ranges

A list of pros and cons has been presented and an initial assessment indicates that if there is no other reason (i.e. additional signalling or procedures required for the new frequencies) then it is easier to include the new ranges in the existing frequency ranges. This avoids any significant impact on specifications outside RAN4.
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