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1 Introduction
As it will not be agreed in the 7 to 24GHz study item the frequency range of the 7 to 24GHz band there are some issue when referring to the different BS types as the frequency range has been used to differentiate the BS type in the existing NR specs, for example BS type 1-O and BS type 2-O.
It is proposed in [1] that x-C , x-H  x-O are used, this paper TP implements that clean up in the TR and adds definitions for each BS type.This issue has been discussed at RAN4#93 and it has been highlighted that symbols such as “x” must meet the drifting rules:
From 21.801 we have:
[bookmark: _Toc4764675][bookmark: _Toc20215388]6.1.8	Symbols
This is a mandatory element listing the symbols used in the 3GPP TS or 3GPP TR.
Unless there is a need to list symbols in a specific order to reflect technical criteria, symbols should be listed in alphabetical order in the following sequence:
-	upper case Latin letter followed by lower case Latin letter (A, a, B, b, etc.);
-	letters without indices preceding letters with indices, and with letter indices preceding numerical ones (B, b, C, Cm, C2, c, d, dext, dint, d1, etc.);
-	Greek letters following Latin letters (Z, z, , , , , …  , , etc.);
-	any other special symbols.
See also clause 6.6.2.
Do not number the entries in the symbols and/or abbreviations clause.
-	Use the EW style.
EXAMPLE:
fl	lower reference frequency


As the “x” represents a frequency range integer and we have already defined FR1 and FR2, the symbol XFR is introduced with the following definition in symbols:
xFR	Integer representing the BS frequency range

The BS types are therefore referred to as xFR-C, xFR-H and xFR-O in this clean up.
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[1] 		R4-1914751 [7 to 24GHz]  Discussion on BS type terminology		Huawei
Text proposal
Text proposal to TR 38.820 v0.3.0
<START OF CHANGE>
[bookmark: _Toc22912315]3.1	Definitions
[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 
BS type xFR-C:	NR base station operating in the 7 to 24GHz range with requirements set consisting only of conducted requirements defined at individual antenna connectors where xFR represents the frequency range, is band specific and could be 1, 2 or another number.
BS type xFR-H:	NR base station operating in the 7 to 24GHz range with a requirement set consisting of conducted requirements defined at individual TAB connectors and OTA requirements defined at RIB where xFR represents the frequency range, is band specific and could be 1, 2 or another number.
BS type xFR-O:	NR base station operating in the 7 to 24GHz range with a requirement set consisting only of OTA requirements defined at the RIB where xFR represents the frequency range, is band specific and could be 1, 2 or another number.
FR1: frequency range defined between 410 MHz to 7125 MHz
FR2: frequency range defined between 24250 MHz to 52600 MHz
<NEXT CHANGE>
[bookmark: _Toc22912316]3.2	Symbols
For the purposes of the present document, the following symbols apply:
BWChannel	BS channel bandwidth
COff 	Isolation in OFF state
Psat	Saturated output power
RON 	Losses in ON state 
xFR	Integer representing the BS frequency range

<NEXT CHANGE>
[bookmark: _Toc5279604]5.4.4	Filtering aspects
In order to meet out of band emissions requirements, analogue filters are typically needed. Filters are thus an important block in the transceiver chain. 
Due to limited size (area/volume) and level of integrations needed for AAS BS types for 7 - 24 GHz frequency range, filtering can pose a significant challenge. Traditional discrete filters are likely to be far too bulky to be fitted in limited size and difficult to embed into highly integrated systems (although may be suitable for x-C implementations), and thus more advanced technologies are needed. It is important to understand the properties of filter technologies when considering the relationship between achievable output power, spectrum usage and out of band requirements.
There are certain fundamental parameter dependencies for filters which it is useful to consider, as follows:
· Insertion Losses decreases with increasing BW (for fixed fc).
· Insertion Losses increases with increasing fc (for fixed BW).
· Insertion Losses decreases with increasing Q.
· Insertion Losses increases with increasing N (number of poles).
To better understand the relationships between these parameters, some estimations of the properties of example filters, with example bandwidths and emissions requirements were considered.
· For the example frequency of 20 GHz, attenuation around 20-25 dB was considered. 
· For 15 GHz example frequency the corresponding attenuation level was 30 dB. 
It is important to note that the analysis presented here represents very rough estimates presented for understanding of the trends in filter performance and the specific numbers should not be relied upon for future standardization work. The exact attenuation level and filtering aspects can be further evaluated when future WI based on specific possible frequency bands and the adjacent systems are known.
In summary, the filter examples investigated imply the need to have reasonably large guard-band taking to account the tolerances and drift in frequency due to e.g. temperature etc.
The analysis is focused on LTCC filters as an example, but this is not the only feasible filter technology. There are other filter technologies which could be suitable for the 7 - 24 GHz frequency range such as ceramic wave-guide filters and air cavity filters which can be further investigated when in future band specific work items can be studied in detail.
Based on the example filter characteristics in annex B, filter parameters for some possible technologies have been collected for example frequencies in table 5.4.4-1.   
Table 5.4.4-1: Filter parameters per example frequency 
	Example frequency (GHz)
	Filter technology
	Guard
(MHz)
	Insertion loss (dB)
	Suppression
(dB)
	Note

	10
	LTCC
	500
	4
	40
	A guard band of 0.2 GHz appears un-realistic for 10 GHz, for LTCC and PCB-integrated stripline filters regardless of passband bandwidth, due to the extreme requirements on frequency tolerance, and Q-value.

	15
	LTCC
	600
	3
	30
	

	20
	PCB, LTCC
	1500 to 2000
	4
	20-25
	



The filter parameters can be used as input for decision for numerous RF parameters relevant for exclusion zones for receiver blocking, emission and other requirements. It is important to note that there are other filter technologies which should be also taken into account in future work.
<NEXT CHANGE>
[bookmark: _Toc22912385]7.2.1	Reference architecture
For NR BS two different architectures have been defined. The architectures different with respect to defined requirement anchor points and requirement applicability. A base station can into three main components:
· Transceiver Unit Array (TRXUA)
· RF Distribution Network (RDN)
· Antenna Array (AA)
In figure 7.2.1-1, the architecture for requirement set category H is visualized, where requirements are defined at TAB and RIB.  
[image: ]
Figure 7.2.1-1: BS architecture relevant for requirement set category H
In figure 7.2.1-2, the architecture for requirement set category O is visualized, where all requirements are defined as OTA requirements at RIB.
[image: ]
Figure 7.2.1-2: BS architecture relevant for requirement set category O
The Release 15 NR basestation specifications include 3 types of basestation:
· The conducted basestation (1-C) type refers to a non AAS BS architecture. The basestation does not include an antenna. The antenna is built separately and is likely to correspond to a passive sector antenna for a macro basestation. For micro and indoor basestations the antenna may have a wider coverage angle. All RAN4 requirements for conducted basestations are specified at each individual antenna connector. Type 1-C is applicable to FR1 only.
· The hybrid basestation type (1-H) is an AAS basestation that has connectors or other means for conducted testing of individual transceivers. An AAS basestation has an integrated antenna. Type 1-H basestations comply with two far field OTA requirements as well as conducted requirements. Unlike type 1-C, some conducted requirements are specified as a sum across multiple connectors. Type 1-H is applicable for FR1 only.
· The OTA basestation is an AAS basestation type (1-O, 2-O) that has only a radiated interface. All requirements are specified OTA, as either directional, TRP or co-location type requirements. The OTA BS type is applicable for both release 15 frequency ranges.
It is clear that xFR-O–O requirements will be needed for the 7 to 24GHz frequency range. Type xFR-C–C BS (or non-AAS) will clearly be limited by lower antenna gain (compared to the beam forming architectures) and the larger path loss in this frequency range will result in smaller cell sizes than for FR1. However, at this stage, xFR-C-C cannot be ruled out. 
Comparing the xFR-H-H and xFR-O-O AAS BS types, the principle differences from a testing perspective are that for 1-H, there is no need for out of band OTA testing facilities or for TRP testing. TRP emissions and conducted emissions limits could be set to be the same. In addition to this, most other TX requirements (i.e. signal quality and power dynamics) have the same value whether tested conducted or OTA.
For the receiver, for FR1 a method to relate conducted and radiated requirements has been established. For FR2, there is no such methodology as there are no conducted requirements. For the 7-24 range, depending on the frequency and the expected receiver types, the FR1 approach may be applicable, or further work may be needed to develop a new approach or in the worst case, no mapping between radiated and conducted requirements may be possible. (In the latter case, it may of course be possible to derive conducted and radiated requirements without relating them). Depending on the applicable new band, if introducing both conducted and radiated requirements a future WI may need to take such factors into account.
Demodulation requirements for up to 2RX map directly between conducted and OTA. OTA testing of >2RX demod requirements is not feasible for FR1 or FR2 and will not be feasible in 7 – 24 GHz range. An assessment of the link budget in applicable test chambers for the frequency in question is needed to ensure OTA testability feasibility of demodulation requirements at sufficiently high SINR at the BS receiver. BS demodulation requirements that are not OTA tested may still be specified as conducted only. Within these constraints, demodulation requirements are possibly for any BS type in 7 – 24 GHz range. Therefore, discussion of further details of the BS demodulation testing in 7 – 24 GHz range is deferred to the related future WI.
<NEXT CHANGE>
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 xFR-C systems in the 7 – 24 GHz range, the accuracy of these blocks should be examined once the operating frequency bands are known.
For xFR-H systems in the 7 – 24 GHz region the picture is not so clear as an xFR-H system may not be directly related to a xFR-C system in the same way 1-H and 1-C systems are related;
· If the xFR-H system is based on an equivalent xFR-C system then the requirements will be the same as xFR-C.
· If the xFR-H system is derived from an xFR-O system then the conducted accuracy will need to be investigated in a different manner.
However the xFR-H figures are determined however we can state:

<NEXT CHANGE>
[bookmark: _Toc22912418]7.4.1.10.2	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 -CxFR-C and -HxFR-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.
<NEXT CHANGE>
[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 xFR-C and xFR-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.
<END OF CHANGE>
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