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Introduction
In RAN4#81 meeting, discussion on the necessity of NR conducted requirements for below 6GHz was presented in discussion paper in [1]. It proposed to collect companies’ inputs on the analysis of the necessity of conducted BS RF requirements for NR band below 6GHz, capturing the following aspects [1]: 
1. Regulation point of view,
2. Pros and cons of BS implementation having antenna connector,
3. Pros and cons of conducted testing compared to OTA testing,
4. Other perspective, if any.
This contribution presents argumentation on the need to keep the RF conducted NR BS requirements for below 6GHz spectrum bands, capturing the discussions and argumentation on the hybrid requirements in the eAAS WI.
Discussion
In the following subsections, feedback on the above listed questions from [1], related to the specification of NR conducted requirements for below 6GHz is presented. 
Regulation point of view
In [1], discussion on the national regulations was mentioned with respect to the specification of the conducted requirements for NR below 6 GHz. In [1] it was observed, that due to the lack of full OTA specification of the BS requirements in RAN4, it is obviously expected that the national regulations will have to continue to rely on the conducted set of requirements for below 6GHz bands. 
With respect to the above observation, it shall be noted that full set of the OTA requirements is expected to be completed within the eAAS WI. Furthermore, it shall be highlighted, that during RAN4#74 meeting, discussion on the NR RF requirements specification was multiple times referring to the eAAS BS discussion. The motivation is to keep technical alignment among the OTA requirements specification for eAAS and for NR. Therefore, progress on the NR RF shall consider the eAAS timeline and progress on the core requirements and conformance testing of those requirements. Furthermore, in the NR testability discussion so far, possibility of keeping the conducted set of requirements below 6 GHz was mentioned in multiple contributions. 
Therefore, it is proposed not to draw any regulatory related conclusions regarding the conducted and OTA requirements for the below 6GHz NR BS at this time, as related RAN4 work is still ongoing. Therefore, the above can be concluded with the following observation: 
Observation 1: if needed, the regulatory implication of the NR requirements can be revisited once the decision on the scope of the NR BS requirements for below and above 6GHz will be taken in RAN4.
Pros and cons of BS implementation having antenna connector
Some pros and cons of having NR BS with antenna connector for below 6GHz were captured below: 
Pros of NR BS implementation having antenna connector for below 6GHz:
· Reuse of the BS requirements’ structure already specified for legacy RATs, i.e. as the work on full set of core and conformance OTA BS requirements is subject to multiple technical challenges which are yet to be solved, keeping conducted NR requirements reduces risk of not completing the RAN4 specifications in timely manner. 
· For MSR BS: no need to define OTA requirements for UTRA, E-UTRA, i.e. the MSR BS specification captures only conducted requirements.
· Systems designed to operate with passive antennas do not require design/conformance with multiple antennas, as antenna is not part of conformance procedure.
· Installations where separate BS and antenna locations are required (i.e. BS at the bottom of a mast) require flexibility of an approved BS with a conducted interface.
· Mast head equipment (e.g. combiners, MHA’s, filters, etc.) cannot be added to systems with OTA interface.
· Without a BS which conforms at the conducted interface it will not be possible to easy add or replace existing non-AAS installations. 
Cons of NR BS implementation having antenna connector for below 6GHz:
· For NR BS supporting below and above 6GHz bands, this approach could force additional hardware components, i.e. no antenna connectors will be deployed for bands above 6GHz and only OTA testing will be possible above 6GHz.
· Potential impact on NR BS size / weight / hardware and chassis design.
Pros and Cons of conducted testing compared to OTA testing
Some pros and cons of conducted testing compared to OTA testing were captured below: 
Pros of conducted testing compared to OTA testing:
· Ease of BS conformance testing:
· Test methodologies well established and defined, 
· Test ranges and test equipment available,
· From the NR timeline point of view, consideration of the conducted conformance testing is considered to be much easier to accomplish in RAN4, as there are still many unanswered question related to the OTA testing.
· Conducted testing does not require large test facilities, e.g. refer to eAAS test ranges discussion for the EIRP and TRP measurements.
· Number of test points independent on the number of spatial test points. 
· Discussion on the techniques reducing number of spatial test points for the TRP measurements is ongoing in eAAS. 
· Out of band / spurious requirements testing much quicker in the conducted setup, than OTA, i.e. each test point requiring multiple measures over the wide frequency range, 
· Ease of BS demodulation testing methodology. 
Cons of conducted testing compared to OTA testing:
· Possible increasing number of antenna connectors to be tested, i.e. conducted testing performed per antenna connector / TAB connector. This applies to all RATs, 
· Number of test points dependent on the number antenna connectors / TAB connectors. 
Observation 1: Considering the above listed pros and cons of the conducted requirements and conducted NR testing below 6GHz, it is seen that consideration of the conducted NR testing below 6GHz has multiple advantages. 
Other aspects
Discussion in [1] captured, that in case RAN4 decides to specify conducted BS RF requirements for below 6GHz, this decision will trigger the need to decide on the following aspects:
1. Whether OTA requirements below 6GHz are defined as well (whether conducted requirements only or both conducted and OTA).
1. If both conducted and OTA are defined, RAN4 needs to set the clear condition of minimum requirements such as whether either of them, or both and their combination is fulfilled.
1. If there are some OTA specific requirements (no requirement for conducted), these are required or not.
It shall be noted, that the above listed test methodologies coverage discussion was also triggered in the AAS session already. Discussion on multiple RF requirements for NR BS will rely on the agreements on the OTA requirements defined for eAAS BS. The current AAS core requirements are described in TS 37.105, which has a set of RF requirements with both conducted requirements and OTA requirements, i.e. the EIRP and EIS requirements. The currently ongoing Rel-14 eAAS work is expected to extend and complete the TS 37.105 specification with the full set of OTA requirements. Once eAAS WI is completed, the core AAS BS specification shall be composed of requirements suitable for both:
· Hybrid requirements with both conducted and OTA requirements, and
· Full set of radiated requirements. 
Discussion on the BS conformance aspects of the conducted vs. radiated requirements is still ongoing. In [2], the so called hybrid requirements (i.e. mixture of conducted and radiated requirements) were discussed and the way forward was agreed last RAN4 meeting. In terms of the BS conformance, following the eAAS agreements, it would be possible to follow one of the following approaches: 
· Conform to a full set of conducted requirements per antenna connector (e.g. for a non-AAS BS),
· Conform to a full set of OTA requirements (for AAS BS with no connectors, e.g. like eAAS),
· Conform to a set of hybrid requirements (for AAS BS with connectors, e.g. like Rel-13 AAS BS).
So far, format of the hybrid requirements once the full OTA requirements are introduced, is still under discussion with the following options identified [2]: 

1. Use the existing REL13 requirements (i.e. full set of conducted requirements with 2 OTA requirements).
1. Have a new set of requirements with some of the conducted requirements as OTA requirements.
1. Have 2 or more hybrid options (including options 1 and 2).
1. Have a set of requirements where certain requirements may be either conducted or OTA not both.
Proposal 2: during the NR BS discussion on the conducted vs. radiated testing below 6GHz, it is proposed to consider and adopt the eAAS agreements on the hybrid requirements.
Consideration of the NR RRM testability 
In relation to the discussion on the necessity of NR conducted requirements for below 6GHz, it is worth to consider the TP to the TR 38.803 [3] agreed last RAN4 meeting in [4] for the NR RRM testability (the agreed text was extracted below). 
It shall be noted, that the NR RRM testability aspects were captured for two frequency bands, denoted as “low” and “high” bands. In case of the “low” frequency bands (which shall be considered as the existing E-UTRA frequency bands below 6 GHz), it was agreed that “it can be assumed that the DUT has conducted antenna connectors”. Considering existence of the conducted antenna connectors for the RRM requirements, it is reasonable to reuse them also for the RF, and demodulation requirements discussion for NR. The presented agreements are related to the yet-to-be discussed and defined NR RRM requirements. 
NOTE: At this point of time it is not possible to draw any conclusion for the NR BS, as discussion on the NR RRM requirements for the NR BS is still ongoing in RAN4, pending agreements in other WGs.
Details of the two (i.e. “low” and “high”) frequency bands division will be further discussed in RAN4. 
10.1.1	General
Testability aspects of both gNB and UE have been considered. Unless otherwise indicated below, device under test (DUT) could refer to either gNB or UE nodes. The exact list of RRM tests for UE and gNB can only be determined once the core requirements are settled.
10.1.2	Testability of RRM requirements on low frequency bands
For low frequency bands (eg below 6GHz), it can be assumed that the DUT has conducted antenna connectors. RRM testing can generally be performed using the antenna connectors and following similar approaches as are applicable for E-UTRA. The exact details of the tests shall be determined when the tests are implemented. It is possible that for some specific features of NR such as beamforming, over the air tests developed for high frequency bands (see next section) could be reused on lower frequency bands to avoid the need to develop both OTA and conducted tests for beam based measurements. 
10.1.3	Testability of RRM requirements on high frequency bands
For high frequency bands (eg mm-wave), conducted antenna connectors are assumed not to be available. The possibility of performing conducted tests using an intermediate frequency (IF) were evaluated. It was decided that this approach would be challenging to standardise for various reasons since IF is an internal interface in the DUT and using a standardised IF (signal level, number of IF ports, IF frequency etc) would preclude many different DUT implementations including direct conversion receivers. In addition, IF testing excludes all components which operate at the radio frequency such as RF filters, duplexers, transmit receive switch, low noise amplifier (LNA), power amplifier (PA), analogue beamforming phase shifting elements etc, and the algorithms which control such components from the test.
Over the air (OTA) testing is therefore assumed to be used for testing DUT on high frequency bands  Based on the above discussion, it is proposed the following: 
Proposal 2: Consider the agreements in the NR TR on testability and strive for the RAN4 alignment among discussions on NR testability in RF, RRM and demodulation requirements. 
Conclusions
Based on the NR conducted requirements for below 6GHz, the following proposals and observations were formulated: 
Observation 1: If needed, the regulatory implication of the NR BS requirements can be revisited once the decision on the scope of the NR BS requirements for below and above 6GHz will be taken in RAN4.
Observation 2: Considering the above listed pros and cons of the conducted requirements and conducted NR testing below 6GHz, it is seen that consideration of the conducted NR testing below 6GHz has multiple advantages. 
There are good reasons to have NR BS<6GHz which are both AAS and non-AAS in nature. Hence the requirements set should follow the existing E-UTRA set with:
· a full set of conducted requirements per antenna connector (e.g. for a non-AAS BS),
· a full set of OTA requirements (for AAS BS with no connectors, e.g. like eAAS),
· a set of hybrid requirements (for AAS BS with connectors, e.g. like Rel-13 AAS BS).
The NR BS requirements structure should follow the work in eAAS.
Proposal 1: during the NR BS discussion on the conducted vs. radiated testing below 6GHz, it is proposed to consider and adopt the eAAS agreements on the hybrid requirements.
Proposal 2: Consider the agreements in the NR TR on testability and strive for the RAN4 alignment among discussions on NR testability in RF, RRM and demodulation requirements.
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