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1. Introduction
At the recent RAN plenary meeting (RAN91-E), RAN4 [1] was tasked to analyse the technical aspect of the request from ITU-R Working Party (WP) 1C in [2] 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. 
In the original LS from ITU-R WP 1C [2] to RAN, some vital aspects related to unwanted emission testing were raised. When evaluating base station unwanted emission levels in-field during normal network operation it is essential to secure that the base station is operating at maximum output power capability. Due to the lean nature of the NR signal, a dedicated test signal was proposed by WP 1C to guarantee instances with a fully loaded carrier.   
In this contribution we present some additional background information regarding aspects related to in-field measurements unwanted emission TRP levels. At the end of the contribution a proposed draft LS is attached with the intention to stimulate the discussion and prepare a response to ITU-R WP 1C.

2. Discussion
In the context of the LS received by RAN, “in-field Over The Air (OTA) testing” refers to activities where base station RF parameters are measured regularly in-field during normal network operation. Unlike conformance testing in a controlled laboratory environment, in-field testing adds complexity due to the fact that the RF interference situation is not controlled and the geographical test location is determined by physical access and alignment to a proper line of sight path towards the base station of interest. 
The interference situation for in-field measurements will impact the ability to detect unwanted emission generated by a faulty or incorrect configured base station. By using a directional measurement antenna and filters, the interference can be suppressed, which conserves the measurement receiver dynamic range and improves the measurement receiver sensitivity. For in-field testing perspective, the most interest is on unwanted emission close to the carrier (in the ACLR region) and around harmonics
For NR AAS base stations, output power levels and unwanted emission levels is in regulation specified as Total Radiated Power (TRP). By the definition of TRP, multiple power density samples at different location with respect to the base station is required to measure TRP. Since required test locations are limited due to buildings, geography, etc. new measurement approaches based on drones have been considered. 
When measuring wanted carrier TRP level one option is to measure SSB power. In thar case some basic information about the carrier configuration is necessary, such as duplex method, DL/UL slot configuration and numerology (Carrier Bandwidth and Sub-Carrier Spacing). The information is needed to be able to scale the power to the maximum base station configured carrier power, based on measured Synchronization Signal Block (SSB) power. The instant carrier power varies significantly due to traffic situation and cannot be used to verify maximum base station configured power. 
For unwanted emission, the power scaling principle based on SSB power does not represent the unwanted emission levels depending on non-linear dependency between maximum output power and unwanted emissions. Instead unwanted emission measurements require that the carrier is operating at maximum configured power during the measurement of unwanted emission. A fully loaded carrier corresponds to the case where the base station power amplifiers generates maximum wanted signal power and is also the state where most unwanted emissions is expected. As an example, a spectral waterfall plot of a NR with and without traffic is visualized in Figure 2-1.
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Figure 2-1: NR signal with only broadcast and with traffic
Unlike LTE, the NR carrier is leaner with less overhead and signalling and more flexible in terms of configuration for specific scenarios. For an LTE carrier, the Cell specific Reference Signal (CRS) was spread out over the full carrier bandwidth, while for NR the SSB is allocated on a fraction of the carrier bandwidth. The NR waveform is very flexible in terms of carrier bandwidth and sub-carrier spacing, allowing for more use-cases to be supported. Unlike the SSB, almost all other signals are user specific, which means that the signals will only be transmitted if a UE is scheduled. 
For in-field testing of unwanted emission in an NR network, it is essential to secure that the carrier is loaded with traffic. Due to the nature of the NR waveform, discussions have started in multiple forums (ECC SE21 and ITU-R WP 1C) related to the feasibly to measure unwanted emission in field. Since NR layer-1 is optimized for flexibility and spectrum efficiency, the wanted output power will depend on the network traffic situation. Without traffic only a small fraction of the power capability of the base station will be used. 
In previous communications between RAN4 and ITU-R WP 5D [3], it was stated that RAN4 specifications do not specify any test modes or features for in field OTA testing and there are no plans for defining test modes or test methodologies for in-field OTA testing. In addition, RAN4 stated that a test mode affecting the wanted signal power configuration will have impact on unwanted emission, since that is created as a product of the wanted signal and other signals. Using signals that are available during normal operation gives a more representative situation for unwanted emission.
In the latest LS [2], ITU-R WP 1C asks RAN4 to consider a test signal to be standardized to facilitate unwanted emission in-field measurements:
As an alternative to a dedicated test mode, WP 1C kindly requests 3GPP to consider defining a test signal to enable field measurement of the unwanted emission. This test signal could be as short as one symbol and transmitted only at times when the scheduler does not need the resource for user traffic. However, it must be retransmitted in a reasonable interval (e. g. every few seconds). This should allow the station to maintain normal operation during the measurement, and degradation of the station’s performance should be negligible. Further, the test signal could be transmitted by a normal traffic or broadcast beam with its nominal gain. It should therefore not interfere with the network because it occurs as part of normal operation.
When base station output power is measured, the test equipment (spectrum/signal analyser) can demodulate and measure the SSB power level. The SSB power can then be scaled to full carrier power with knowledge about the carrier bandwidth configuration, as described in [3]. However, for unwanted emission, a situation when the base station is transmitting over the full bandwidth to stress the power amplifier is required. The test signal needs to be transmitted on all logical base band ports simultaneously. The intention with the proposed test signal is to create a situation where all resources in the frequency domain is used at full power during one symbol. In a situation with traffic in the network with multiple layers scheduled to different UEs may make it difficult to find opportunities to transmit the test signal. Without causing interference. The test signal is then repeated periodically to occur a couple of time per second. The resource allocation of the SSB and test signal is visualised in Figure 2-1.
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Figure 2-1: Test signal RE allocation example
The proposed allocation of the test signal is similar to DM-RS allocation for PDSCH. Unfortunately, PDSCH is only transmitted when traffic is scheduled to a UE. 
When the NR waveform was created a lot of effort was put on having a flexible waveform with low overhead, allowing for high spectrum efficiency and low power consumption. To add a standardized test signal, without causing collision with existing traffic and number of used layers, may require changes in the PHY. This would require some careful analysis also in RAN1 to understand the implications due to scheduling of the test signal. It was proposed to use un-allocated resources for the test signal configured to maximum power. Thus, the addition of the test signal in specifications will need a dedicated work item (WI) involving RAN1.
Introduction of a periodical test signal to excite full carrier power opens up for some practical test aspects related to measuring pulsed emission. To measure the unwanted emission generated by the proposed test signal, the signal/spectrum analyser needs to capture the emission generated for the time the test signal is generated (one symbol). This can be done using a measurement receiver which have the ability to captured transient signals. Typically, this can be achieved using a signal/spectrum analyser that can be synchronized be dedicated trigger events. Based on the collected data, the Root Mean Square (RMS) emission level during the test signal duration can be measured.
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 sufficient for measuring unwanted emission.
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 uncertainty.
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.
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.
5. Further consider the implications for base stations supporting multiple carriers and bands using common radio electronics, if the test signal needs to be enabled on all transceivers branches simultaneously.

As stated in the RAN4 LS [3] 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. Schedule unwanted emission measurement at peak traffic hours. Instances where the carrier will be fully loaded with maximum power will occurs. This approach has the benefit that no changes are required, but the drawback that for some base stations a fully loaded carrier does not often happen. Initially when networks are deployed the traffic load is low and will gradually increase when more UEs supporting the band are commercially available.
2. Normal operation and fixed measurement location: In situations where the network load vary, long time measurements can be considered. When assessing TRP, this can be beneficial. TRP can be measured by having a fixed measurement location while the network is normally operating. The measurement receiver measures the unwanted emission as an average over some time. The integration time is determined on how many UEs that are scheduled traffic. The approach assumed UEs to be spread out in the coverage area forcing the base station to direct power in different directions. The resulting average power would correspond to the radiated unwanted emission TRP level, under condition that UEs in different locations have been scheduled. 
3. 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. This approach could also include the test signal principle described above. 
4. 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. 


3. Conclusion
It is essential to measure unwanted emission when the base station is transmitting maximum configured output power. To be able to measure unwanted emission under the condition of maximum output power generation different test approaches have been evaluated in addition to defining a dedicated test signal. 
All the different test approaches have pros and cons with respect to test complexity for the tester, complexity to add new functionality to the standard and complexity for the network operator. 
The intention with this information is to open up for a discussion in RAN4 that identify if more information is required from ITU-R WP 1C, to analyse RAN4 specific issues such as measurement related aspects and to propose possible alternative solutions  All information is required to create a  RAN4 common view on the request from ITU-R to RAN before responding to ITU-R WP 1C.
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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 sufficient for measuring unwanted emission.
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.
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. 
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.
A new test signal requires a thorough RAN1 study to conclude on eventual impact on the physical layer performance.

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. Schedule unwanted emission measurement at peak traffic hours. Instances where the carrier will be fully loaded with maximum power will occurs. This approach has the benefit that no changes are required, but the drawback that for some base stations a fully loaded carrier does not often happen. Initially when networks are deployed the traffic load is low and will gradually increase when more UEs supporting the band are commercially available.
2. Normal operation and fixed measurement location: In situations where the network load vary, long time measurements can be considered. When assessing TRP, this can be beneficial. TRP can be measured by having a fixed measurement location while the network is normally operating. The measurement receiver measures the unwanted emission as an average over some time. The integration time is determined on how many UEs that are scheduled traffic. The approach assumed UEs to be spread out in the coverage area forcing the base station to direct power in different directions. The resulting average power would correspond to the radiated unwanted emission TRP level, under condition that UEs in different locations have been scheduled. 
3. 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. This approach could also include the test signal principle described above. 
4. 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. 


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
[bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK53][bookmark: OLE_LINK54]TSG RAN4 Meeting #99-E		19 – 27 May, 2021			Online
TSG RAN4 Meeting #100-E	16 – 27 August, 2021		Online



3GPP
image1.png
E— msmon @ —

P e e e e 2 T T et




image2.png




image3.emf
Time

Frequency

SSB Test signal

Carrier 

bandwidth


image4.png




