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1. Introduction

In 3GPP TR 37.977 [1], the Reverberation Chamber (RC) was considered as a fast and repeatable test method to evaluate and compare multi-antenna devices. In the same TR 37.977 clause 10.3.5a, a potential MPAC/RC+CE harmonization has been concluded, especially for TDD bands. However, due to a lack of time, and in order to close the corresponding WI on time, final harmonization could not be successfully claimed.
This is the reason why RC based methodologies were not yet considered as testing methodologies in NR FR1, just because it was approved to extend the applicability of the LTE MIMO OTA approved methodologies to NR FR1 [2].
In our opinion, this impedes the use of a fast and repeatable test method for NR FR1 just because a lack of time on previous LTE MIMO OTA WI.
Thus, in this contribution we present NR Stand-Alone (SA) OTA measurements performed in RC in order to demonstrate the utility of such methodology for NR FR1 BS and/or UE performance evaluation.
2. Methodology
The set-up used during the measurements is shown in Fig. 1. EMITE F200 Hybrid RC/AC chamber was used, in Reverberation Chamber mode.
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Fig. 1: OTA test set-up using EMITE F200 Hybrid RC/AC Test System.

The technology used by the system is 5G-NR SA, specifically NR Band n78, and the channel bandwidth used was 100 MHz.
In this set-up, the Common Public Radio Interface (CPRI) establishes a link between the radio equipment control unit, generally known as Base-Band Unit (BBU), and the radio equipment itself, known as Remote Radio Unit (RRU). This link uses fiber optic and is introduced into the chamber through a waveguide.
The RRU is connected to an array of 128 antennas grouped into 4 subsets of 32 antennas (8 x 4).
This configuration allows up to 4 independent beams. However, the current prototype installed in the measurement scenario only allows a single beam. In addition, this beam is fixed.
The BBU is not connected to any EPC, as in a real network. On the contrary, it is connected to a local network (LAN1). In other words, the network starts and ends in the inside of the laboratory.
It is important to note that connecting the BBU to a real network or connecting it to a local network can change the way end-to-end measures are carried out. We will deal with this aspect later.

On the user plane, we have an UE which is a prototype achieved through the modification of an RRU and a computer, which makes a signalling unit.

The UE is connected through the Ethernet filter to a local network (LAN2).

There are two PC (PC1 and PC2) connected respectively to the LAN1 and LAN2 networks. PC1 is in the local network of the BBU and PC2 is connected in the UE network. Between these two PCs, an end-to-end connection is established, through which the measurements shown in the next section are made.
3. Measured Results
Once the measurement set-up is described, we are going to detail the measures carried out. Two types of end-to-end measures are carried out; latency and throughput.
3.1.
5G-NR OTA Latency
The latency measurement is carried out by sending packets of “ICMP echo request” from PC1 and analyzing the “ICMP Echo Replay” packets received from PC2. In this way we obtain the end-to-end latency measurement in real time. On the other hand, the PC2 is equipped with a network protocol analyzer that allows to filter and analyze the ICMP packets arriving from the PC1 and to measure the latency in the BBU, that is, the RF latency.
3.1.1.
RF Latency
A sufficiently-large number of samples were taken from the RC, and the final averaged RF latency measured was approximately 0.13 milliseconds. Some peak values of 0.5 milliseconds can be observed.

RF latency, averaged over a sufficiently-large number of samples measured in the RC, was 0.13 milliseconds approximately, with peak values of 0.5 milliseconds.
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Fig. 2: 5G-NR FR1 OTA RF Latency measurements.

3.1.2.
E2E Latency
The Ent-To-End (E2E) Latency was also evaluated with a sufficiently-large number of samples, with final averaged E2E latency of about 3 milliseconds with peak values of 8 milliseconds.
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Fig. 3: 5G-NR FR1 OTA E2E Latency measurements – Outdoor-to-Indoor fading.

3.2.
Throughput
Throughput measurements carried out in this contribution consist of end-to-end measurements between PC1 and PC2 at the network layer. For this purpose, a traffic generator was used in both PC.

Both downlink and uplink measures were carried out, obtaining approximately 400 Mbps and 60 Mbps respectively.
Fig. 4 depicts the final averaged DL and UL Throughput measurements versus time for several conditions. The introduction of Outdoor-to-Indoor channel fading clearly reduces static maximum Throughput values. The results using continuous stirring are slightly different to those obtained using stepwise stirring. The difference may be attributed to the existing Doppler effect in continuous stirring, but this has to be validated with measurements that use a turntable and can therefore be repetitive and with low variation.

Fig. 5 and 6 illustrate the sequence of partial throughput measurements, as well as their final averaged value using the Reverberation Chamber mode stepwise stirring test mode for downlink and uplink, respectively.
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Fig. 4: Final Averaged 5G-NR FR1 OTA TCP TPUT results
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Fig. 5: 5G-NR FR1 OTA Downlink TCP TPUT partial measurements, in the stepwise stirring sequence, and their average.
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Fig. 6: 5G-NR FR1 OTA Uplink TCP TPUT partial measurements, in the stepwise stirring sequence, and their average.

As a comparison, there is a 5G NR Sub-6GHz network simulation made in Frankfurt by Qualcomm [3] with a configuration very similar to that used in our measurement scenario (5G-NR, 3.5 GHz, 100 MHz Channel bandwidth) with an achieved UE downlink throughput of 369 Mbps and E2E latencies of about 8ms.

4. Conclusions
Outstanding 5G-NR FR1 OTA realistic <0.5ms RF OTA latencies and ~3ms E2E latencies under Outdoor-to-Indoor channel fading are obtained for the first time worldwide.

5G-NR FR1 OTA very good and realistic ~400 Mbps DL TCP TPUT values under Outdoor-to-Indoor channel fading are obtained for the first time worldwide.

The above measured results are confirming and even improving previous expectations, with improved realistic downlink throughputs and smaller latencies.

5G-NR FR1 100-MHz-bandwidth OTA laboratory measurements at 3.5 GHz under realistic outdoor-to-indoor fading have improved the initial expectations by 5G-NR simulations, with downlink TCP throughputs of about 400 Mbps per user and E2E latencies below 3.5 ms.
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