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1. Introduction
At last meeting (RAN4#109 in Chicago) the Rel-18 work period in RAN4 ended. It is now time to look ahead and plan for the coming Rel-19 NR BS RF work period. With respect to BS RF specification evolution, some general common views of BS RF topics to consider for Rel-19 was identified at last RAN plenary meeting (RAN#102 in Edinburgh) in the moderator’s summary [1]. Based on the conclusion the following areas was identified for the BS RF work package:
1. OTA test enhancement 
2. Protection of FSS UL within 6425 to 7125 MHz
3. Network RF specification simplification
For Rel-19 it is proposed to improve BS RF OTA testability for requirements introduced in Rel-15 for NR BS type 1-O AAS BS. Experience trying out NR BS type 1-O requirement and test methods indicates several areas for improvements with respect to requirement definition and testability aspects. 
In an earlier contribution [2] presented for information at last RAN4 meeting it was proposed to develop a new requirement and corresponding test method based on the new condition adopted by WRC-23 late December 2023 for protection of FSS UL between 6425 to 7125 MHz. The outcome of WRC-23 is documented in WRC-23 Provisional Final Acts [3]. The adopted condition to protect FSS UL is based on a new metric referred to expected EIRP profile (see technical details at page 465). To prepare 3GPP specifications to allow operation in co-channel spectrum sharing situations, a new requirement needs to be defined in the NR BS RF specification (TS 38.104) and a new OTA test method for the conformance test specification (TS 38.141-2) needs to be developed. The requirement is only applicable for band covering the frequency range 6425 to 7125 MHz, currently only band n104. 
Within the scope of NR, the number of network node specifications have increased as a consequence of the introduction of Repeater, IAB and NCR. In conjunction with a large number of supported operating bands the effort required to add new bands and maintain all specifications have increased significantly. With the current specification structure including multiple sets of RF core specifications and conformance test specifications and multiple supported releases, a large number of CRs are required every time a new operating band is introduced or corrections due to maintenance is applied. It has been noticed that the current specification structure may need some improvements to support future evolution and minimize maintenance effort. Therefore, it has been proposed to improve the specification structure to minimize effort to evolve and maintain specifications. 
The identified proposed Rel-19 BS RF work packages are independent which suggest the work to be done in 3 separate work items during scheduled Rel-19 RAN4 time frame. 
In this contribution we provide further technical background information to respective work package area. 








2. Discussion
In this section a technical overview of respective work package is presented, and some further technical details related to respective work package is provided. The intension with the information is to stimulate further technical discussions, planning activities, TU allocation to progress the work required to create Work Item Description (WID) for respective work packages to the coming RAN plenary meeting in March 2024 (RAN#103 in Maastricht). At this meeting RAN will decide on remaining RAN4 Rel-19 work items.
In section 5, an initial draft of justification and objective per work package is presented to further stimulate the work to create WID for respective work package. 

2.1 OTA test enhancement
In Rel-15 a complete set of OTA requirements were defined for MSR AAS BS (TS 37.105 and TS 37.145-2) and NR BS type 1-O for FR1 and NR BS type 2-O for FR2 (TS 38.104 and TS 38.141-2) for the first time. Now after some years and many new bands have been added we have noticed some technical issues in specifications. The issues and corresponding solutions have been identified as candidates for specification improvements part of the OTA test enhancement essential to evolve the BS RF specifications.  
In general, OTA requirement will provide many benefits, such as having requirements defined for the complete system Without the need for RF connectors which is of great importance for upper FR1 and FR2 frequencies. Initially, the transition to move to the OTA conformance testing was encountered as a large challenge, but now with all experiences from NR BS type 2-O it’s clear that the industry is ready for NR BS type 1-O products operating in the upper parts of FR1.
For NR BS type 1-O, co-location requirements are defined to guarantee co-location of base station operating within different frequency bands in the same geographical area. The emission and blocking requirements will directly set design constraints on radio front end characteristics such as RF band filter suppression, transmitter linearity, etc. The co-location requirements are categorized as optional declared requirements defined to guarantee co-location of multiple networks. The transmitter intermodulation requirement is defined to guarantee that unwanted emission requirement levels are maintained when operating in close vicinity of a neighbouring interfering base station. This requirement will set design constraints on the transmitter implementation. It is also a regulatory requirement is some regions. 
With these proposed OTA test improvements, the NR BS type 1-O requirements will be prepared for M-MIMO/AAS products supporting enhancements in RAN1 features allowing the industry to facilitate a shift to full OTA specification and conformance testing. Since the work proposed here is extensive it can be split up over multiple releases, where some issues are resolved in Rel-19 and other to be resolved later in Rel-20. 
For OTA test enhancement issues related to both the BS RF core specification and conformance test specification have been identified for NR BS type 1-O requirements. The issues can be slit up in to two parts: co-location requirement improvements and TRP test methodology improvements.

2.1.1 [bookmark: _Hlk157683369]Co-location requirements
The co-location requirements are defined based on a concept of a co-location reference antenna mimicking a specific co-location scenario. In a contribution presented at a previous meeting [5], some technical issues and test challenges were identified with relation to the current requirement concept. 
The technical background and challenges related to use current test specification and adding support for upper parts of FR1 and above 7125 MHz can be summarized as:

Requirement issues:

a. Before adopting the co-location concept for bands above 2.5 GHz RAN4 needs to evaluate relevant co-location scenarios, such as side-by-side (used as baseline for Rel-15), on top each other, in different sites pointing towards each other (Used as baseline before Rel-15), or any other relevant scenario. The scenario considered for Rel-15 may not be representative for many deployed networks now (end of Rel-18). The antenna arrays used at higher frequencies are typically electrically larger than what was assumed for Rel-15. 
b. The Rel-15 co-location scenario consider an AAS co-located with a non-AAS with a passive single column antenna. With a single column antenna, the array factor in the horizontal domain is not captured. During the introduction of AAS this was a reasonable scenario to consider, but now with new bands above 2.5 GHz also scenarios with AAS to AAS may be highly relevant. For AAS, a statistical approach would be needed to capture relevant coupling due to beam forming. 
c. The Rel-15 co-location scenario is focused on wide area deployment. Its relevance for other BS classes like medium range BS and local area BS, etc. is not clear. Eventually, new co-location antennas or scenario may be needed for those BS classes to make specifications complete. 
d. All requirement levels are derived based on an assumed port-to-port isolation of 30 dB. When 30 dB was assumed, the isolation between a single column antenna and a AAS with few branches was considered. Now RAN4 consider higher frequencies and much larger array structures. The isolation value to assume above 2.5 GHz with more than 32 transceiver branches and considering array excitations should be further studied. To find a relevant isolation a statistical analysis including beamforming aspects on both victim and aggressor would be required. As coupling given same physical separation would be frequency dependent, the requirement levels need to be adjusted accordingly.
e. To maintain degradation level used for non-AAS BS, RAN4 should reconsider the AAS BS co-location spurious emission and not include the 9 dB relaxation part of requirement derivation background. The current requirement levels for AAS BS may not guarantee the same level of degradation as for non-AAS BS.

Conformance test issues:

f. A band specific Co-location Test Antenna (CLTA) is required per declared supported co-location band. This will create a logistical problem during conformance testing since a product is typically declared to support many co-location situations. This will result in many CLTAs are needed per tested product, which create a logistical challenge for test laboratories.
g. For bands defined above 2.5 GHz it is very difficult to find commercially available single column BS antennas or multi-columns with similar characteristics as specified in TS 38.141-2, subclause 4.12. Therefore, the availability and access to relevant CLTAs are very limited for bands above 2.5 GHz.
h. By experience, it can be concluded that the test setup for transmitter intermodulation is very complex. A large PA capable of very high output power is required to generate the interfering signal clean enough to be injected by the CLTA, while TRP unwanted emissions is measured and evaluated. The TRP level for unwanted emission can be measured in a far-field test environment or in a reverberation chamber test environment, as described in TS 38.141-2.
i. The CLTA puts additional burden on the OTA test environments, such as volume restrictions and additional weight on the positioner used in the test chamber. It is therefore not suitable to use a passive BS antenna with multiple columns, even though current specification allows it. 
j. Due to the very complex test setup required to test transmitter intermodulation (TX IMD) careful review of the test scope is required to minimize total test time. The test is based on measuring TRP at the same time an interferer signal is injected using the CLTA. Further evaluation of the test scope in TS 38.141-2, subclause 6.8.4 to capture only relevant cases of e.g., carrier, bandwidth, multi-band and carrier aggregation configurations.
k. It should be noted that many co-location requirements either require very high OTA chamber dynamic range (co-location spurious emission) or require generation of very high power in the chamber as CLTA and existing co-location concept would imply blocking interferer level 30 dB higher than existing conducted requirements. 

For upper FR1 and the frequency range between 7 to 24 GHz the co-location requirement concept needs to be evolved. It would be suitable to define requirement such that the need for a specified dedicated co-location reference antenna can be avoided. Hence, determine relevant parameters and requirement levels based on OTA parameters such as field-strength or power density at a given test distance. In [5], some basic technical background for such approach was presented. Further elaborations and studies may be needed to fully define an evolved requirement concept for co-location requirements. 



2.1.2 TRP test methodology
For NR BS type 1-O and NR BS type 2-O, Total Radiated Power (TRP) is used as figure of merit for BS output power and unwanted emission requirements. TRP can be measured using either reverberation chamber (RC) or far-field based test environments in anechoic chamber (AC) by averaging over spatially discrete EIRP samples. Currently, the specification describes a collection of different methods to be used under different circumstances as alternative methods. 
It has been noticed that the different EIRP averaging methods described as different alternatives produce very different measurement results, which is not acceptable for characterises related to licence condition and regulatory requirements such as output power and unwanted emission requirements. Also, the description on what method apply for a specific situation is not very clear. 

The technical background for measuring BS output power, ACLR and spurious emission is very different. It is proposed to improve the description of test method alternatives in TS 38.141-2, Annex I with respect to:
a. Describe the situations when a method can be used, e.g., for a certain requirement specifically what methods that may apply and what additional information (antenna geometry, physical size of the antenna, etc.) that may be needed to be declared by the BS manufacturer. Add missing declarations to manufacturers declarations in TS 38.141-2, subclause 4.6. 
b. Some test method alternatives are overlapping or describes a non-relevant special case, e.g., ULA for AAS BS is not very relevant. Overlapping and non-relevant cases can be removed in TS 38.141-2, Annex I. 
c. Improved description of the pre-scan procedure essential for spurious emission measurements. Depending on emission type (harmonic, image, LO-leakage, etc.) the beamforming will be ranging from full antenna gain to sub-array gain. The pre-scan procedure that is a quick search method in the frequency domain to identify emission, can be improved by adding more information related to special frequencies where high beam forming is expected. 
d. Improve Measurement Uncertainty (MU) evaluation for TRP methods in anechoic camber. Currently, a common MU evaluation is adopted for all alternative test approaches in TS 38.141-2, Annex I.
With better guidance and a reduced set of alternatives the description in TS 38.141-2, Annex I can be significantly improved resolving issues raised by regulatory bodies and test laboratories.   

2.2 Protection of FSS UL within 6425 to 7125 MHz
In ITU-R a new condition for the frequency range 6425 to 7125 MHz was adopted at WRC-23 for protection of FSS UL during co-channel spectrum sharing situations. The new condition is defined as an elevation mask based on a new parameter referred to as expected EIRP spectral density level. The maximum allowed expected EIRP level for a base station as function of the vertical angle above the horizon shall not exceed the values listed in Table 2.2-1.
Table 2.2-1: Maximum allowed expected EIRP levels. 
	Vertical angle range

(Degrees)
	Expected EIRP
(dBm/MHz)


	0<q<5
	27

	5<q<10
	23

	10<q<15
	19

	15<q<20
	18

	20<q<30
	16

	30<q<60
	15

	60<q<90
	15



The expected EIRP limits will directly limit the power generated above the horizon towards the sky and will restrict the AAS base station implementation with respect to maximum supported EIRP towards UEs within the angular coverage range, antenna array geometry and coverage range capability. 
This means that expected EIRP limit could for certain implementations for specific different deployment scenarios (e.g., rural, sub-urban, and urban) with large vertical steering range that power back-off must be applied to meet the maximum allowed expected EIRP levels for a specific implementation. Therefore, it is essential for 3GPP to define relevant terminology and a requirement to including the possibility to support multiple manufacturer declarations of steering capability with different power back-off to support multiple deployment scenarios. 
In ITU-R the general definitions of expected EIRP ties to coherent beams generated as different time instants. In the context of 3GPP this would be restrictive since 3GPP RAN1 specifications allows operation with different types of beamforming schemes (e.g., codebook based and/or reciprocity based) and the number of transmitted layers depends on the channel condition. Therefore, the general definition of expected EIRP should be based on a victim analysis approach without assumptions of any specific beamforming assumption on the aggressor side. From this perspective it would be natural to have the general definition of expected EIRP agnostic to any specific beamforming scheme. 
The conformance test required to show compliance to the maximum allowed expected EIRP limit needs to be developed by RAN4. To show conformance to the maximum allowed expected EIRP limits a large number of measured 2-D EIRP patterns for different array excitations will be needed. It is essential that the array excitations would stress the base station implementation to produce radiated power above horizon, hence condition where maximum EIRP within the intended coverage range should be considered. Since the RAN4 concept of conformance testing is built around pre-defined test signals (test models and fixed refence channels) normal operation capturing true layer-1 operation cannot be captured by the conformance test in RAN4. For conformance testing purpose, the concept of test beams can be adopted. The test beams will be distributed within the coverage range. For each test beam, the 2-D EIRP pattern in the upper hemisphere is measured. Based on measured patterns the expected EIRP profile can be calculated as a multistage averaging process as described in [4].
The proposed work to be done in RAN4 can be summarized as:
1. Define general terminology for: 
a. The expected EIRP as a parameter, including the close relationship with TRP needs to be defined. Such definition would typically not assume any specific beamforming scheme. A high-level description will be required in clause 3 for specifications, while a more detailed analytical description will be needed as technical background to be documented in a technical report. 
b. The coverage angular range will be an essential parameter for a requirement. This parameter will most probably be declared by the manufacturer. Eventually, definitions of similar ranges can be re-used from other already defined requirements.
c. The vertical angle needs to be defined. In ITU-R the vertical angle is referred to the elevation angle (the angle above the horizon), while RAN4 typically refer to either the down-tilt angle or the vertical angle used for polar coordinates. 
d. Define a name for the requirement to be used as heading in specifications, e.g., OTA spatial emission above horizon.
2. Define proper requirement applicability with respect to NR BS types, BS classes. The condition adopted in ITU-R is only applicable for the frequency range 6425 to 7125 MHz, which means that a requirement will only be applicable for band n104.
3. Define a test approach for expected EIRP including description of:
a. The test object configuration, including required RF channels, RF carrier bandwidth configurations, Test environment, Test object placement, Test signals and test beams. The concept of test beams on top of current test models needs to be described. Complement the technical description provided by ITU-R with essential technical information required to measure expected EIRP with reasonable and acceptable measurement uncertainty (this tie to work in bullet 4 below).
b. The measurement procedure needs to be described at high level for the conformance specification and more detailed level with focus on OTA aspects for the technical background in a technical report.
c. The post-processing where the measured expected EIRP profile is calculated. Here details related to minimum conditions for number of test beams, test beam angular distribution, EIRP sampling grid resolution needs to be described. A complete description of averaging stages to produce expected EIRP from multiple 2-D EIRP pattern is required. 
4. Conduct a measurement uncertainty evaluation relevant for the defined reference test method. Following the principles used for RAN4 measurement uncertainty evaluation described in TR 37.941, clause 5 conduct a measurement uncertainty evaluation for expected EIRP measured using the reference test method descried (in bullet 3). 
Since expected EIRP is a new figure of merit not used before within the telecommunication industry a technical report should be created for the technical background as a reference in 3GPP and externally.
A new requirement applicable for band n104 will be introduced in BS RF core specification TS 38.104 and corresponding test requirement and test method description in TS 38.141-2. 

2.3 Network RF specification simplification
Since the introduction of NR in Rel-15 the number of network nodes have increased with the introduction of new type e.g., Repeater, IAB and NCR. The majority of the requirements for the new network nodes was originally derived for the BS and re-used for other nodes. 
This means that now when a new operation band is defined, the number of required CRs to include the band for all specifications (BS RF core specification and conformance test specification), all nodes using the same requirement baseline (BS, Repeaters, IAB, NCR) have increased enormously. 
With the current specification structure, it can be noticed that many requirements are defined per band. For some requirements this would result in very large tables with a dedicated row per band (see additional spurious emission requirements in subclause 6.6.5.2.3 and co-location with other base stations in sub-clause 6.6.5.2.4). 
The work related to introduction of a new band and regular maintenance work can be significantly reduced by adopting a different approach for coexistence spurious emission requirements, co-location requirements and other situations where requirement levels are repeated.  
If requirement levels are repeated for many bands, it is better to define a baseline requirement that applies for all bands and list all deviations in a separate list for bands where different requirement levels may apply. For the future it would be worth to consider this approach for both coexistence spurious emission and co-location spurious emission requirements.
To resolve issue with duplication of requirements it is proposed to make the BS RF specifications (TS 38.104, TS 38.141-1 and TS 38.141-2) the main source for network node requirements. This would mean that in other node specifications where BS requirements is used (e.g., for IAB TS 38.175, TS 38.176-1 and TS 38.176-2, etc.) a reference is added to the BS RF specification and the requirement tables removed to avoid having duplicate information in multiple specifications. This approach works in the case the same requirement level is adopted. If for any reason the requirement levels are different this approach cannot be adopted, hence separate tables will be required. Adopting this approach would decrease the number of CRs needed to introduce new bands and handle general maintenance.  
The approach using references will break the concept of having self-contained specifications in RAN4 for IAB and NCR and repeaters. But it seems like reasonable approach to appoint the BS RF specifications as self-contained core specifications for network nods since the BS is the central core network node and other nodes is used as a complement to improve network flexibility, coverage and/or performance.
The work on other network node specifications can be split up in two parts:
1. Define baseline requirements for co-existence spurious emission and co-location requirements to reduce size of tables in BS RF specifications. 
2. Remove requirement duplicates in other network node specifications and add reference to BS specifications. 
There will also be regular maintenance based on feedback from regulatory forum such as ECC and others. The work needs to be coordinated since similar parts of the specifications will be impacted. 
The work in this work package will be to very high degree focusing on editorial changes spanning over many specifications and therefore the need for a separate work item should be further discussed. 

3. Conclusion
At last RAN plenary (RAN#102 in Edinburgh) a consolidated list of work packages for BS RF specifications aimed for Rel-19 was discussed. The meeting concluded three different work packages as potential candidates for work items in RAN4 during Rel-19. In this contribution we present some further technical details on the envisioned work scope for each work package. 
To allow declaration of NR BS type 1-O for upper part of FR1 and above it is essential to improve the requirements related to base station co-location. 
Expected EIRP have been adopted by ITU-R for spectrum covering band n104, hence it is essential to prepare specification by defining solid terminology and develop a reasonable complex test method. To be able to do test internally as well as externally a harmonized test method is essential for the industry. 
The intention is to evolve the BS RF specifications to be prepared for new bands to be introduced in spectrum above 7125 MHz, solving technical issues with current specification and simplify specification maintenance in the future evolving specifications beyond 5G and 5G advanced. 
It can be concluded that each work package holds significant amount of work not dependent of each other, hence three different new work items will be required to evolve BS RF specifications in Rel-19. Eventually, some of the work can be packaged as a study item aiming to resolve technical issues before implementing requirements in specifications. The work package related to simplification of network node specifications may be done during regular maintenance in Rel-19, rather within a separate work item. 
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5. Annex: WID input
In this section some additional information related details to be part of a WID per work area is presented for discussion to further progress the work to prepare WIDs for coming RAN plenary meeting. 

5.1 OTA test enhancement

5.1.1 Justification
The BS requirements for AAS are specified as hybrid conducted/OTA or all OTA. Currently, BS type 1-H is mostly used in practice for conformance testing of AAS BS. For all OTA conformance testing BS type 1-O is defined, but some essential technical issues related to requirement definitions require re-visit for frequencies above 2.5 GHz, very high test complexity and unclear test method descriptions have been identified, which inhibit the use of BS type 1-O. BS type 1-O based testing can enable even higher integration due to the lack of need for connectors. In particular, co-location requirements are not suitable for the upper TDD bands. Furthermore, looking towards future frequencies above 7 GHz, OTA testing will become essential for building base stations that can efficiently access the new spectrum. Thus, improving BS type 1-O such that it is efficient and technical issues are resolved for higher frequencies is an important preparation looking towards 6G.
5.1.2 Objective
 The objective the work package is to improve the technical quality of OTA conformance test specification. Currently, issues related to questionable technical relevance and exaggerated test scope have been identified for some requirements. Evolving OTA requirements for BS type 1-O would prepare specifications to facilitate the industry to switch to all OTA conformance testing for AAS and M-MIMO capable BS, especially interesting for new bands defined in the upper region of FR1 above 2.5 GHz.   
· Identify where test scope is excessive and revisit the test scope to become sufficient (e.g., TX IM testing and RX out of band blocking).
· Examine and develop methods to revise co-location requirements and tests for AAS test specifications and implement where feasible.

5.2 Protection of FSS UL within 6425 to 7125 MHz

5.2.1 Justification
For the frequency range 6425 to 7125 MHz (band n104) IMT networks needs to coexist using the same spectrum as FSS UL. In this situation a new regulatory requirement has been created to allow co-channel spectrum sharing. To meet the regulatory requirement the emission produced by a single base station above the horizon needs to be lower than a specified expected EIRP level. 
The new regulatory requirement was agreed by ITU-R as outcome of WRC-23. Now that the ITU requirement is clear, core requirements and conformance test specifications need to be introduced into the 3GPP specifications. Details related to terminology, RAN4 requirement applicability and manufacturer declarations needs to be established in RAN4. A detailed description of how conformance testing is done, including test condition, test procedure and test method should be developed.

5.2.2 Objective
The objective is to include the new condition in BS RF core specification (TS 381.04) and a corresponding test requirement in the conformance test specification TS 38.141-2. Having the requirement included in the 3GPP standard would guarantee a harmonized terminology and conformance test method. Eventually, the concept for conformance testing can be adopted to similar situations between co-channel spectrum sharing between IMT and FSS UL. 
· Introduce the concept of “Expected EIRP mask” into the RAN4 specifications using correct terminology.
· Specify the expected EIRP mask requirement for 6425-7125 MHz based on the WRC-23 outcome and recommendations.
· Specify manufacturer declarations, conformance test descriptions, test tolerances and test requirements (for the conformance part).

5.3 Network RF specification simplification

5.3.1 Justification
In RAN4 the number of types of network node have rapidly increased. RAN4 now have separate specifications for NCR, IAB, BS and repeaters. Each of these network nodes has core specifications and both conducted and OTA conformance specifications. The work effort to introduce new features such as bands and conduct regular maintenance grows rapidly. Therefore, it has be suggested implement some changes that would allow for implementing requirements in a way that large requirement tables e.g., co-location and co-existence in the same geographical area with similar data can be reduce and usage of reference to a common source instead of having the same information spread in multiple specifications.  

5.3.2 Objective
Change format for some requirements where requirement levels are duplicated with in a large table (e.g., coexistence spurious emission and co-location spurious emission). If possible, use the base station specification as central network node as main source for requirements that are duplicated in other specifications. 
· Investigate the structure and format for network nodes other than base stations, for some requirements where requirements are duplicated from BS and UE specification in particular coexistence spurious emission and co-location spurious emission. This work ensures that the number of CRs needed to specifications are minimized.
· Use the base station specification as central network node as main source for requirements that are duplicated in other specifications. 
· Investigate whether further simplifications that would reduce the amount of maintenance CRs across multiple specifications are feasible and where necessary implement changes.
· The main objective is to minimize the overall work effort to maintain specifications.  

3GPP
