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1. Introduction
At the last RAN4 meeting (RAN4#98-bis-E) RAN4 started to discuss the request from ITU-R Working Party (WP) 1C to consider a test signal to be included into the NR waveform to facilitate unwanted emission in-field requirement evaluations. The test signal concept is described in the initial contribution [3] triggered by the decision at RAN#91-E, where RAN4 was asked to analyse the technical aspects of the request from ITU-R WP 1C with the intention to provide input to RAN#92-E (14-18 June 2021) and subsequently 3GPP TSG RAN will provide their assessment to ITU-R WP 1C. 
The technical discussion from last meeting is captured in [1]. Based on the discussion, alternative solutions without a dedicated test signal have been identified. As an outcome from last RAN4 meeting a way-forward was created in [2]. The intention with the way-forward is to give guidance for further discussion and capture relevant information.  
In this contribution we continue the discussion on how to measure unwanted emissions in-field during normal network operation. At the end of this contribution a draft LS to ITU-R WP 1C is attached. 

2. Discussion
In the way-forward contribution agreed [2] at last meeting some guidance on how to proceed discussion at this meeting was created. The guidance can be summarized as:
· Further identify missing information relevant to better understand the need and consequences of proposed implementation of test signal. 
· Study alternative approaches to measure unwanted emission TRP levels in-field to avoid drawbacks of test signal approach.
· The way-forward encourage companies to provide more technical input concerning the proposed test signal and on alternative approaches described in [3] or other potential alternative approaches.

In the LS from ITU-R WP 1C, a test signal with the intention to guarantee full power utilization in the frequency domain was proposed. When unwanted emission requirement is tested it is essential that the test object is configured to generate maximum power. Within RAN4 conformance specifications maximum base station output power is guaranteed by the specified test object configuration and a specified test signal (NR-FR1-TM1.1) providing a fully allocated NR carrier. However, for in-field testing, the instantaneous base station output power depends on network traffic load situation as a direct consequence of the lean approach of the waveform design.
The dependence of the instantaneous base station power on network traffic load is an essential part of the lean waveform design for 5G NR base stations and any potential change to the waveform by adding e.g. a test signal should not harmfully impact the energy efficiency, which is defined as a key capability for IMT-2020 by the ITU-R.  ITU-R Recommendation M.2083 [4] sets a target for the improvement of energy efficiency relative to previous generations and points at the ability to reduce RF transmit power by exploiting traffic variation characteristic of different users for adaptive resource management. A minimum requirement for energy efficiency is defined in ITU‑R Report M.2410 [5] by specifying a low energy consumption when there is no data through a sufficiently high sleep ratio and long sleep duration.
From last meeting the following was concluded in the way-forward [2]:
1. RAN4 have no explicit experience of in-field OTA testing. However, the experience from OTA base station conformance testing is valuable also for in-field OTA testing. For unwanted emission testing, methodologies for TRP measurements apply also for in-field testing. 
Even though RAN4 expertise is focused to OTA conformance testing in OTA shielded anechoic chambers with controlled radio environment, the expertise and experience related to measuring Total Radiated Power (TRP) unwanted emission using different test methodologies would be highly relevant for in-field OTA testing. Measuring TRP require that several spatially distributed power density samples are collected around the test object, which for in-field testing is both time consuming and complex. Using ideas and concepts developed in RAN4 to reduce the number of spatial samples still maintaining acceptable measurement uncertainty. With the current progress and development of drone technology, it would be reasonable to believe that a drone platform can be used to collect spatial power density samples around the test object. In post-processing the TRP can be calculated based on spatial power density samples and measurement locations. 
Observation 1-1: Experience related to measure TRP would be of great interest for in-field testing.
The intention with the proposed test signal is to guarantee full power allocation during unwanted emission measurements. 
2. The RAN4 task is to focus on the need of the test signal and how it will affect TRP measurements in field. The test signal will have impact on other RAN groups, e.g. the physical layer impact needs to be considered in RAN1.
For any transmitter the worst-case situation with respect to unwanted emission is always when the power amplifier is operating at maximum power capability. For a base station deployed in a network, the base station output is configured to provide optimal performance within the coverage area. This means that typically, the base station output power is lower than the maximum power capability since base stations are designed to be capable to operate in different situations with different inter site distances and carrier bandwidths. 
For an AAS base station with MIMO support, the test signal needs to be generated at the same time instance at all logical antenna ports for all configured carriers to guarantee a situation to generate maximum configured power. For the case where the spectrum is allocated with multiple carriers using carrier aggregation the test signal needs to be synchronized for all contiguous and non-contiguous carrier supported by the base station. 
From a MIMO perspective the test signal will reduce the possibility to schedule several layers depending on the channel condition or cause interference between layers. This performance degradation requires some careful considerations. 
Another aspect to consider is the possibility to use already defined signals to generate a condition where configured power is transmitted. With proprietary solutions, the operator can enable certain signals already defined in the standard which will not have impact on the network performance. Those signals can be configured to allocate resources in the frequency domain occurring periodically as the proposed test signal to facilitate unwanted emission testing.
Observation 2-1: The proposed test signal breaks the idea to have a lean carrier.
Observation 2-2: Already available signals can be used to allocate resources in the frequency domain.
Observation 2-3: The test signal will potentially limit scheduling to generate multiple layers transmission.
There are other ways to secure a condition where the base station is transmitting at maximum configured output power. 
3. During the discussion some alternative test approaches without the need to introduce a dedicated test signal for unwanted emission testing was identified. 
Since the wanted condition of full power utilization can be generated by other means that introducing a test signal, alternative approaches were identified. During normal network operation if no UEs are attached to the base station only SSB and broadcast will be transmitted using a small fraction of the maximum configured power. By using introducing a dedicated traffic provocation UE network traffic can be generated. The traffic provocation UE is configured to download massive amount of dummy data from a server. Since the network operator will configure the network to perform highest possible throughput for excellent end user experience the whole carrier will be allocated which corresponds to that the base station is transmitting at maximum configured power. Using this approach, the measurement period can be extended which would simplify unwanted emission TRP measurements. In Figure 2-1, the measurement principle for one alternative approach is visualised. 
[image: ]
Figure 2-1: Alternative approach
The traffic provocation UE is kept at a fixed location, implying that one beam will be generated by the AAS base station during the measurement. No other traffic is present in the example for measurements in Figure 2-1. The Test Antenna (TA) is directed towards the AAS base station from a number of positions. A part of the radiation pattern will in this way be measured in a street level environment. Due to the high gain of the TA, the impact of scattering and RF interference is low. This is an important feature of the measurement setup in order to get a good end result. The unwanted emission TRP value can now be assessed as an EIRP spatial average using appropriate post processing.
This alternative approach has the benefit that no dedicated test signal and no interaction between the regulator and operator is required. The tester of unwanted emission requires a UE equipped with a SIM card allowing the UE to attach to the base station to be tested. 
A variant can be to instead move the TA to different locations, move the UE to different location while the TA is at a fixed location. The UE will then provoke traffic in different directions for which the TA is measuring the power level. The TRP can then is calculated based on TA results from different UE locations. 
The benefit using a UE to provoke traffic to generate full power transmission is that the measurement duration is determined by how much data that is transmitted. Also, the approach does not really on strict timing to a dedicated signal. Altogether, this is vital aspects to consider measuring low levels of unwanted emissions. For further details related to above mentioned test method can found following the discussion in CEPT SE21.
Observation 3-1: Maximum configured base station output power can be generated by downloading dummy data.
Observation 3-2: This approach provides more flexibility in terms of measurement time required to measure unwanted emission TRP levels. 

3. Conclusion
In this contribution the discussion in RAN4 initiated last meeting about in-field test aspects is summarized. Also, some additional details of alternative test approaches have been added. 
Some detailed issues regarding the proposed test signal have been identified together with some alternative approaches. At the end of the contribution a draft LS to ITU-R WP 1C is prepared for discussion.  
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1	Introduction
TSG RAN WG4 would like to thank for the opportunity to give feedback on the topic of Test methods for over-the-air TRP field measurements of unwanted emissions from IMT radio equipment utilizing active antennas. RAN WG4 has looked at that the questions and considerations given in the LS (R4-2100004) concerning in-field testing and test signals for OTA testing of unwanted emissions and a response is outlined in the following.
2	In-field unwanted emission aspects
To be able to measure unwanted emission in-field it is essential to define a condition where the base station is transmitting with full power capability. Since ethe NR signal is very flexible with respect to carrier configuration and also very spectrum efficient the challenge doing in-field measurement have increased when NR base station now are deployed. When traffic is not transmitted only a fraction of the power resources are used for continuously transmitted broadcast signals. The broadcast signals will not utilize the full power capability of the base station, which makes it difficult to measure unwanted emissions. In some regions unwanted emission is measured in-field on regular basis to mitigate interference situations. Therefore, as an outcome from discussions in ITU-R WP 1C a test signal has been proposed in R4-2100004. TSG RAN4 was tasked to analyse the technical aspects of the request. From a RAN4 perspective the following aspects requires further considerations. 
Based on the request from ITU-R WP 1C some RAN4 specific issues to further consider have been identified:
1. RAN4 can evaluate if the test signal duration of 1 symbol is sufficient for measuring unwanted emission TRP levels.
2. The periodicity of the test signal needs to be defined. RAN4 can study what is required periodicity from an emission test perspective giving acceptable measurement accuracy.
3. The test signal should mimic normal traffic as much as possible. Hence, the spatial behaviour of the test signal needs further considerations. It would be reasonable to use beam directions within the intended coverage range. RAN4 can study the test aspects related to the spatial behaviour of the test signal. 
4. Further consider the contents of the test signal. To mimic normal traffic the test signal Resource Element (RE) used could potentially carry random data. RAN4 can study aspects related to power statistics due to test signal RE allocation.
5. Further consider the implications for base stations supporting multiple carriers and bands using common electronics, the test signal needs to be enabled on all transceivers branches simultaneously. RAN4 can study the implications to support the test signal for different types of CA configurations and implementations. 

A new test signal requires a thorough RAN1 study to conclude on eventual impact on the physical layer performance. The following questions for further discussion internally in RAN was identified:
1. How will the test signal affect interference e.g. different base stations, between MIMO layers, etc.?
2. How will the test signal affect power saving modes and the lean carrier wave form?
3. How will the test signal beam pattern affect network performance?
4. What interfaces will be required to enable/disable the test signal?

As stated in the RAN4 LS to WP 5D, it is more relevant to measure unwanted emission for a scenario where traffic is scheduled, since that reflects normal operation. However, there are other alternative solutions to be used to guarantee a loaded carrier during in-field measurements, without the need for a new test signal and related impact on layer-1 specifications: 
1. Normal operation: The network traffic varies during the day. With this approach unwanted emission measurements need to be conducted at peak traffic hours. When data is scheduled, instances where the carrier will be fully loaded with maximum configured power will occurs. This approach has the benefit that no changes to the standard are required. Initially when networks are deployed the traffic load is low and will gradually increase when more UEs supporting the band are commercially available.
2. Proprietary test configuration: The operator can enable vendor proprietary test signal schemes to generate random data to be transmitted on un-used resources to mimic a loaded carrier. This is a test signal that is controlled by the network operator. Proprietary test configuration may also need changes in the physical layer. Coordination between unwanted emission tester and operator can be established to allow for a specific test scheme. Using this approach currently available NR physical signal (CSI-RS, etc.) can be used and scheduled properly. This approach could also include the test signal principle described above. 
3. Provoking traffic: In a situation with no or low network traffic, traffic can be generated by a test UE or a few test UEs. The test UE downloads a large amount of data to force the base station to schedule all resources. If the test UE is capable of receiving at the full base station carrier bandwidth and it is equipped with operator specific SIM, a fully loaded carrier can be guaranteed. Additionally, if the UE signal is attenuated the UE will report CQI for QPSK which removes any uncertainty related to possible power back off for higher order modulations. 

Fundamentally, when TRP unwanted emission is measured in-field, there are two interesting approaches to consider:
1. Use a measurement receiver at a fixed location, while a UE or multiple UEs moves around the test object to provoke traffic. The UEs will stimulate the base station to generate beams in different directions, while the measurement receiver measures the averaged unwanted emission over the complete measurement duration time. 
2. Use a UE provoking traffic at a fixed location, while the measurement receiver is moved around to captured spatial samples required to measure TRP. With this approach the measurement receiver is moved around and TRP is calculated using traditional integration methods. 

2	Actions
To ITU-R WP 1C
ACTION: 	3GPP TSG RAN4 invites ITU-R WP 1C to take into account the above information concerning OTA in-field test aspects related to measuring TRP unwanted emissions with the proposed test signal. 

3	Dates of next TSG RAN WG 4 meetings
TSG RAN4 Meeting #100-E	16 – 27 August, 2021		Online
TSG RAN4 Meeting #101-E	1 – 12 November, 2021		Online
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