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1 Introduction
In RAN4#90bis the way forward [1] suggested a FR1/FR2 differentiator study specifically:

For that purpose, multiple NR technology items which differ among FR1 and FR2 were identified as valid inputs to be considered during further investigation on potential “FR1/FR2 extension” consequences: 
· Conducted vs. OTA interface, 
· Set of SCS and CHBW supported,
· Broadcast channels coverage (beam-sweeping vs. static), 
· Set of supported modulation and coding schemes,
· Duplex mode, 
· Single/multi-band support,
· Consideration of deployment scenarios,
· Consideration of UE types and usage conditions,
· For BS only: 
· BS types, 
· Presence or lack of certain BS requirements, 
· Concept for BS receiver requirements, 
· Requirement values common in some cases across an FR.
· This list may not be exhaustive; companies are encouraged to indicate next meeting whether there are more aspects to add
This paper further investigates some of the issues – specifically concerning the BS
2 Discussion
2.1 Conducted vs OTA

For the BS having a conducted interface means that the system is clearly NOT FR2. FR2 RF requirements are derived purely from OTA analysis and have no direct equivalent conducted requirements. This is due both to practicality of a conducted interface at FR2 frequencies and also the architectural limitations placed on the hardware due to the high levels of beam forming required at FR2 frequencies.

During the last meeting a number of papers discussed the feasibility of practical connector design at high frequencies. It’s clear that there is a technology breakpoint somewhere between 10-13GHz above which it is not practical to continue with a conduced interface.
Above [10 to 13GHz] therefore only a radiated interface is envisaged.

Below [10 to 13GHz] a conducted interface is practical from a connector point of view but it’s not clear that it is desirable from an architectural standpoint.

It’s clear that AAS will be more useful as frequency increases to overcome the additional path loss. Non-AAS systems which require conducted interfaces and have a fixed beam pattern (equal to the coverage area), are limited in the antenna gain they can utilise by the area that need to be covered. In elevation antennas with approx. 10° are currently deployed, if this were made significantly smaller then coverage may be compromised, in azimuth 3 sector sites are common and 6 sector sites are considered, but practically there is an upper gain limit of approx. 20dBi.
Assuming the antenna gain limit, the cells we currently have at 2GHz will be approx. 3 times smaller at 7GHz, 5 times smaller at 10GHz and 6 times smaller at 13GHz hence for macro cells at least it seems unlikely that non-AAS technology will be used much below the [10 to 13GHz] connector technology barrier.
It is perhaps too early to agree that the region 7 to [10 to 13] GHz is OTA only but as it is feasible in terms of connectors we should provisionally consider conducted requirements
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Figure 1. Conducted and OTA requirements over frequency
2.2 SCS and Chanel BW

There are key differences between the sub carrier spacing and the channel BW’s for the FR2 and the FR1 bands

Table 1. FR1 and FR2 SCS

	 
	Sub-carrier spacing (kHz)

	 
	15
	30
	60
	120
	240*

	FR1
	x
	x
	x
	 
	 

	FR2
	 
	 
	x
	x
	x


Table 2. FR1 and FR2 channel BW

	 
	Channel BW (MHz)

	 
	5
	10
	15
	20
	25
	30
	40
	50
	60
	70
	80
	90
	100
	200
	400

	FR1
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	 
	 

	FR2
	
	
	
	
	
	
	
	x
	
	
	
	
	x
	x
	x


Currently there is very little overlap between FR1 and FR2 in terms of applicable SCS and channel BW, the only common combinations being 50 and 100MHz CHBW with 60kHz SCS.

The choice of CH BW and SCS is complex and cannot easily be decided until the available spectrum is known. If a 40MHz piece of spectrum was of interest at 20GHz for example, it would seems likely that this could be included in the FR2 range – however as the minimum FR2 channel BW is currently 50MHz this would not be possible.
The SCS values need to be considered in relation to the spectrum utilisation and the channel model. Smaller channel BW’s tend to have lower spectrum utilisation when fitting in the larger SCS’s also lower frequencies have larger cell radius and hence higher probability of longer time period reflections which restrict the use of the larger SCS’s
It seems likely that any bands in the region 7 to 24GHz may require combinations of SCS and CBW which are not currently available for FR1 and FR2.
As there is already a large degree of choice in SCS and CBW it’s not clear that this SCS and CBW are defining characteristics or that a new SCS/CBW combination will mean an FRx will be needed, it may be possible to update the existing FR1 and FR2 tables as appropriate

2.3 Broadcast channels coverage (beam-sweeping vs. static)

It is a necessity that the broadcast channel are available over the entire cell. 

FR1 systems are derived from non-AAS systems where the beam pattern and the cell coverage are the same thing. As such a non-AAS passive beam pattern broadcasts to all direction within the cell at the same time.

For a FR1 AAS systems which have the ability to form high gain directive beams towards UE’s must be also be able to generate a wider beam pattern to cover the whole cell in the same way a no-AAS system does. It cannot rely upon the additional beam forming gain for the broadcast channels only the traffic channels.
For example a wide beam can be synthesised using an array using a quadratic phase distribution as follows:
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Figure 1, A lobe with intentional azimuth  ripple, designed for covering a triangular area. Left in a linear diagram and right, in polar.
This pattern whilst generated from an AAS will not have the high gain that the traffic beams have.
For FR2 it is assumed that high gain beams are used for both traffic and broadcast channels, this is necessary as the higher path loss require the antenna gain. The high gain beam for the broadcast channels is therefore swept across the coverage area to ensure that all UE’s can receiver it. Fundamentally this is different from FR1 as the broadcast signals are not available at all times in all directions.

This discussion point has some similarities with the need for a set of conducted or non-AAS requirements. If the intended cell coverage area cannot be reached with the available power and the broadcast channel beam gain (approx. 20dBi max), then it is necessary to use beam sweeping.

This can be considered a key characteristic of FR2, figure 1 should hence be redrawn:
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Figure 2. Conducted and OTA requirements over frequency
The range 7-24GHz is left dashed as we have no clear answer on which type of requirements are necessary.
2.4 Duplex mode
Up to approx. 2.5GHz there are both FDD and TDD bands available, beyond this the higher FR1 bands (~3.5GHz, ~4.5GHz) are TDD, also all the FR2 bands are TDD. One reason being that TDD is more suitable for AAS applications due to the channel reciprocity. 

It is likely (although not certain) that any bands in the 7 to 24GHz range will be TDD, however this gives no indication as to if they are FR1 or FR2.

2.5 Single multi-band support

Currently there is no multi-band support for FR2 but this is because the bands available in any geographical area are very far apart and hence multi-band is not practical. 

There are many FR1 bands which are close enough together that the total BW is possible to achieve with a single transceiver and hence multi-band requirements have been derived.

In the region 7-24GHz no bands have yet been allocated but it would seem unlikely that they would be close enough together to make multi-band feasible. In addition the existing infrastructure in that frequency range may mean that the spurious emission requirement may make it impractical.

For the 7-24GHz SI multi band support does not need to be studied further.
It is not seen that multi-band support is linked to key FR1 or FR2 characteristics.

2.6 Consideration of deployment scenarios
When considering NR the following deployment scenarios have been considered

FR1

· Urban Macro (NR CLI co-existence study)

· Dense Urban (NR CLI co-existence study)

· Indoor (NR CLI co-existence study)

FR2

· Urban Macro (NR WI co-existence study)

· Dense Urban (NR WI co-existence study)

· Indoor (NR WI co-existence study)

These scenarios consider macro cells (wide area), micro cells (medium area) and indoor (local area), as such all the BS classes are covered.

As the same scenarios (with different parameters) have been considered for both existing frequency ranges.

It seems likely that any bands in the region 7-24GHz would need to consider the same deployment scenarios.

The deployment scenarios therefore are not a key FR1 or FR2 defining characteristic.
Deployment scenarios are discussed in more detail in [3].
2.7 BS specific issues 
2.7.1 BS types
BS types are discussed further in [4].
2.7.2 Presence or lack of certain BS requirements
As discussed in [2] there are a number of requirements which currently are not included in FR2 most notably the co-location requirements. However the inclusion (or not) of these requirements is not integral to the FR1 or FR2 defining characteristics.
2.7.3 Concept for BS receiver requirements
BS receiver requirements are fundamentally different for FR1 and FR2. 

FR1 systems have 2 OTA sensitivity requirements

· OTA sensitivity is a declared parameter developed initially for the hybrid AAS BS – it is a declared value which is intended to demonstrate the best case sensitivity for the AAS. Multiple OTA sensitivity values can be declared for different range of angle of arrivals. The lowest value is defined as minSens and is used on some of the interference measurements.

· OTA Reference sensitivity, is related to the conducted Reference sensitivity in both the non-AAS systems and the hybrid AAS BS. It uses a gain estimation formula to translate the OTA coverage area to an equivalent antenna gain form which the conducted reference sensitivity value is translated to an OTA value. The results is an OTA level which would be expected if a non-AAS passive antenna were used. The OTA refsens value should be larger than (or greater to) the OTA sensitivity.

The purpose for these requirements is to ensure the receiver sensitivity (and linearity) is at least as good as an equivalent non-AAS systems covering the same range of angles (or coverage area)

FR2 systems have no equivalence to any non-AAS systems and hence need only to meet OTA requirements. Also beam forming is a requirement for FR2 so there is no need for equivalence between the RoAoA and the sensitivity value. There is hence only a single OTA sensitivity requirement. As this is also used as the reference for the interference measurements it is OTA REFSENS. This is the same name as the FR1 requirement but it is fundamentally different. The OTA refsens is a declare value within a proscribed range based on the expected range of antenna gains for each BS class.

Once again the type of receiver requirement is linked strongly to the need for conducted (specifically type 1-C). If only OTA requirements are needed then the receiver requirements can follow the FR2 method.

The receiver requirement concept therefore is not a defining characteristic but a result of the decision on the required BS types (conducted or OTA)

2.7.4 Requirement values common in some cases across an FR.
This was also discussed in [2], although in non-AAS specifications for E-UTRA and UTRA many of the requirements are common for all the bands, it is not always the case, for example there is a clear difference between OBUE requirements below and above 1GHz.

In NR FR2 we already have different ACLR/ACS requirements for 30 and 45GHz.

The value of any requirement should be concluded based on analysis of the specific band once it has been allocated. The decision to include a band as FR1 or FR2 bears no impact on the value of the actual requirements.
Summary
This paper looks at all the possible differentiators which are critical to deciding of a band should be FR1, FR2 or something else (FRx).

A number of critical differentiators have been identified:

· If conducted requirements (specifically BS type 1-C) are needed

· If only OTA requirements are required then are broadcast channels required to be swept or fixed beam

All the other proposed differentiators are either a consequence of these points or are not clear differentiators between FR1 and FR2. Impact from other RAN groups specification should further be considered for example:

· SCS and CBW combinations – For RAN4 specifications these are not differentiators, but the flexibility of the signalling must be checked. 
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