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1 Introduction
A new study item for radiated metrics and test methodology in Release 16 was agreed in [1].
The scope of this new SI is considerably greater than the previous studies/work items for LTE and NR and so care needs to be taken to prioritize the work in order that timely progress is made towards the SI objectives within Rel-16. This paper reviews the key priorities for further work.
2 Discussion
Selected objectives from [1] with comments:

In general

-
The study is based on key performance metrics identified by operators, network infrastructure vendors, and UE vendors

Current radiated performance metrics are limited in scope. From LTE in [2] we have Total Radiated Multi-antenna Sensitivity (TRMS) which is a hybrid metric combining a MIMO encoded signal (TM3) at reference sensitivity. This metric is therefore sensitive to both the UE antenna correlation and gain imbalance as well as the absolute antenna gain. This is quite different to the MIMO Averaged Radiated SIR Sensitivity (MARSS) metric adopted by CTIA in [3] which uses a higher power TM3-encoded signal with defined SNR (addition of AWGN) meaning the metric is not sensitive to the absolute antenna gain. Given that there are no SISO antenna requirements defined for LTE, the TRMS metric is useful in that it combines elements of antenna gain and MIMO performance in one requirement even though a real network would not schedule TM3 at reference sensitivity. Both the TRMS and MARSS metrics use open loop forced rank 2 and a fixed MCS. Although simple to understand, these aspects of the test environment are not reflective of typical network operation where the downlink power is fixed, and the variable is the MCS and rank.
It is therefore the case that the current OTA metrics does not assess the end-to-end performance of the ability of the UE to correctly select the optimal MCS/rank. Another advantage of testing at a fixed power with variable MCS is that the test process would be significantly speeded up – perhaps by 10x, because the metric would be throughput at an MCS chosen by the UE for a fixed downlink power rather than searching for the downlink power at which a throughput is reached with a fixed MCS. This form of closed loop testing is within scope of future work in CTIA. However, during discussions in RAN on the scope of the new SI, the option to further study closed-loop MCS/rank was not accepted by some companies and so this aspect of testing realistic use cases remains out of scope within 3GPP.
Depending on how the choices for NR metrics are made, it may be necessary to consider basic antenna metrics like TRP and TRS for NR, for which requirements were not defined for LTE. Continuing to leave basic antenna gain unspecified does not seem appropriate at the start of a new generation unless such performance can be incorporated into a TRMS-like metric for NR.

-
For the following device types:
-
Smartphone

-
Tablet

-
Wearable device

-
Fixed wireless access (FWA) terminal

-
Other UE types are not precluded for discussion as a second priority

-
The development of test methodology aspects shall initially focus on the smartphone device type

To date, radiated metrics have only been developed or smartphone device types however for FR1, the next priority could be larger tablet devices. Specifically, for FR2, fixed wireless access is a key new use case and so consideration of such devices would seem appropriate.
-
Utilizing the free space (FS) testing configuration is the first priority 

-
A second priority is the study of head/hand/body blocking and its impact on test methods – this will be in collaboration with CTIA who plan to study these aspects.

To date, LTE MIMO OTA requirements have been FS. This is not ideal and as the frequencies increase towards 6 GHz, not representative of typical use cases. And for FR2, the impact of head/hand/body on performance will be significant. It is therefore proposed to include some basic form of hand blocking for data modes landscape and portrait. Speech mod (beside head and hand) is less likely.
-    Up to spatial multiplexing rank 4 scenarios for FR1 and up to spatial multiplexing rank 2 scenarios for FR2
For FR2, the existing support for rank 2 MIMO using cross-polarized antennas is covered. For FR1, extending from rank 2 to rank 4 has implications for both MPAC and RTS. For MPAC there will be an impact on channel emulator configuration but not otherwise on the probe antennas. For RTS, extension from rank 2 to rank 4 will require an increase from one cross polarized probe antenna to two. Provisional work on this has already been done and needs to be completed for RTS to be applicable for rank 4 testing. The primary issue is demonstration of the ability to maintain enough isolation between the four streams.
-
A study to define the environmental conditions is needed

-
Noise-limited and interference-limited (with spatial interference emulation) scenarios shall be considered

-
Considering the definition of interference conditions e.g. coloured by in-channel frequency allocation, space and time
The TRMS metric adds no AWGN to the signal meaning it is the UE noise floor that determines the performance. This contrasts with the CTIA MARSS metric where the signal power is well above the UE noise floor and AWGN is added to create a known SNR. In considering the scope of future metrics in this SI one area for consideration is the nature of any interference signal. The use of isotropic AWGN is a starting point for understanding how the UE will handle interference, but it falls far short of realistic network conditions. We already have the signal defined as a 2D spatial channel based on SCME, but the addition of interference modelled as isotropic white Gaussian noise does not represent what the UE will see, particularly at the higher frequencies in FR1. In real network conditions, any interference will be generated by specific base stations and will have spatial characteristics like the wanted signal but arriving from different directions. Also, any interference will be coloured by the modulation of the base station. As such, isotropic AWGN is not a good model since an ideal UE design will take advantage of the spatial and modulation colouring of the interference to assist interference cancellation algorithms in the baseband. It is therefore of considerable interest to consider a more realistic interference environment where the AWGN signal is replaced by a spatial interferer with typical coding. It is also very useful to consider how such an interferer might be allocated in the frequency domain (sub-band allocation) and in the time domain. This is particularly relevant at the cell edge where a typical interferer will be partially allocated and dynamic in both time and RB allocation. The definition of such interference could be based on analysis of typical cell-edge signal in real network or based on some more theoretical analysis based on system simulation assumptions.
-
Using the channel models defined in [TR38.901] as well as the associated aspects related to channel modeling in [TR38.810] as the basis of the emulated propagation environment
Issues related to channel models are covered in [4].
-
For setups intended for measurements of UE characteristics in non-standalone (NSA) mode, an LTE link antenna setup is used to configure the NR link

This aspect will impact existing MPAC and RTS methods. Decisions need to be made on whether LTE at FR1 a controlled link is or just connectivity. The latter may be easier to arrange. For FR1 + FR2, the LTE link is assumed to be non-spatial.

-
Define the applicable test methodology verification procedures

There were unresolved issues with LTE regarding channel model validation which showed up with the UMa channel model. 3GPP dropped UMa in favour of UMi, but CTIA is continuing with UMa and has yet to resolve open issues with channel model validation between MPAC systems. 3GPP should maintain links to CTIA on how this ultimately gets resolved should this result in an improved channel model validation procedure.

-
Develop the preliminary uncertainty assessment for the methodology

For testing methodology in FR1

-


-
Support up to 100 MHz CBW
It is not anticipated that increasing the channel bandwidth will have any fundamental impacts on MPAC or RTS.

-
Support UE operating frequency in the range of 450 MHz – 6000 MHz
One area for investigation is the impact of higher frequencies at FR1 on the test zone size for MPAC. Currently, the test zone is defined as 0.85 λ for an 8x2 configuration. As the frequency approaches 6 GHz this will reduce to < 5 cm. It will therefore be necessary to investigate the usable test zone size for MPAC systems with larger numbers of probes of 16 or maybe 24.

For RTS. The test zone is defined by the quiet zone of the SISO chamber and so increasing to 6 GHz should not be an issue.
For testing methodology in FR2

-    MIMO throughput under static geometry environment is the first priority 

- 
MIMO throughput under dynamic geometry environment is the second priority
Dynamic geometry for MIMO throughput is important but not as critical as dynamic geometry for RRM. It can b ae assumed that if the antennas are pointing in the correct direction, the bulk of the work is done, since subtle aspects regarding the downlink and UE antenna patters is less critical at FR2 than it was for the more isotropic FR1 cases.
-
Extension of Rel-15 RRM tests to include dynamic geometry 
Dynamic geometry is undoubtedly a more complex environment than static; however, it is also an essential operating requirement of any FR2 system that the UE and gNB combination can manage the dynamics of varying geometry within the channel, particularly since spherical coverage requirements only cover 50 % of pointing angles for the free space conditions.
3 Conclusions

This paper has taken a closer look at the objectives of the new SI on radiated metrics and test methods for NR in Release 16 with a view to influence the priority of future work. At FR1, many new issues are presented by the increase in frequency towards 6 GHz which will stress existing MIMO OTA test methods. At FR2, the emphasis on MIMO throughput from LTE is seen as less of a priority than the need for testing RRM performance in dynamic geometry environments.
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