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1 Introduction
In previous meetings on NR we have discussed RRM testing at a high level. In this contribution we examine some of the issues of millimetre wave testing in more detail, considering some of the available test equipment for 802.11ad, and looking at issues such as practically available coaxial connectors for frequencies up to 110GHz.
2 Discussion

We begin by examining some of the test equipment and tests performed for 802.11ad, which operates on the 60GHz band. We would emphasise that we expect that NR will not only be implemented on millimetre wave bands, and RRM testing eg below 6GHz will also be important. 
However, techniques for testing on bands below 6GHz are largly well understood, and although some changes to the test cases and test environment may well be necessary considering the characteristics of the new RAT, nevertheless there are additional challenges when the higher bands are considered due to the possible need for over the air requirements due to the use of large antenna arrays and the difficulties of conducted antenna connection.

Observation 1 NR will not only be implemented on millimetre wave bands, and RRM testing eg below 6GHz will also be important. However, techniques for testing on bands below 6GHz are largly well understood,

We began by searching for some of the available test equipment for 802.11d testing. In [1], some commercial test equipment is described, which may be used for testing the requirements in table 2.

	Company 
	Instrument with model number

	Keysight Technologies(Agilent)
	N5152A 60GHz Up converter 
N1999A 60GHz Down converter 
M8190A Arbitrary waveform generator(AWG) 
N5183A-520 MXG microwave signal generator
8267D Vector Signal Generator(VSG) 
89600 VSA software 
DSO-X91604A oscilloscope 
DSA-X91604A Digital Signal analyzer 

	R&S
	R&S®FSU spectrum analyzer 
R&S® ZVA vector network analyzer 
R&S®FS-Z60,-Z75,-Z90,-Z110 harmonic mixers
R&S®ZVA-Z millimeter wave converters
R&S®NRP-Z58 thermanl power sensor 
R&S®SMZ frequency multiplier 
R&S®SMF100A microwave signal generator


 Table 1 : Some commercial test equipment for 802.11ad testing

A millimetre waveguide mixer is also described in [2]
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Figure 2 : Millimetre waveguide mixer for IEEE802.11ad
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Figure 3 : Harmonic mixers covering 40GHz to 110GHz
Some of the key requirements for 802.11ad are shown in table 2. 

	Transmit mask

	RF Center frequency tolerance

	Symbol Clock Tolerance

	RF center frequency leakage

	Transmit ramp up and transmit rampdown time

	EVM (tested for MCS 0-31)

	Reference sensitivity (tested for MCS 0-31)


Table 2 : RF Requirements for 802.11ad

The typical test equipment for 802.11ad consists of equipment operating on a lower frequency band eg up to 5GHz and up/down converters  converter or mixer (harmonic mixer, waveguide mixer).  An example of one such product configuration is shown in figure 3.
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Figure 3 : A test configuration for 802.11ad testing from [3]
While it is likely that there are other commercial products in development and available, and 5G testers may be different products from 802.11ad test solutions, nevertheless this is intened to give an idea of some millimetre wave testing solutions which exist today.  
· Observation 2 : Millimetre wave test technologies are in existence which allow the creation and analysis of 2GHz bandwidth signals at 60GHz

· Observation 3 : There is some description of 60GHz test connection methods in the available literature. According to the literature, some 802.11ad devices have metallic connectors and may be connected to the test system using a suitable adaptor (such as waveguide to coax converter). The literature also describes 802.11ad devices which do not have metallic antenna connectors, and the use of a horn antenna of known gain for testing.
Table 3 shows some existing coaxial connectors and corresponding operating frequencies
	SMA
	DC to 18 GHz, with some proprietary versions rated to 26.5 GHz

	SMA 3.5mm (same outer thread as SMA)
	34 GHz

	SMK (same outer thread as SMA)
	46 GHz

	2.4mm
	50 GHz

	1.85mm
	65 GHz

	1mm IEE 287-2007
	110GHz


Table 3 : Highest mode free operating frequencies for various SMA-like connectors
The frequency range of any coaxial connector is limited by the excitation of the first circual waveguide propagation mode in the coaxial structure. Decreasing the diameter of the outer conductor increases the highest uable frequency. Performance of the conductors also depends stongly on the quality of the mating between the metallic surfaces and the precision with which the connectors are made.  

For devices which do not have a physical metallic antenna connector (or connectors), a horn antenna of known gain is mentioned in the literature. A horn antenna is often used for EMC and immunity testing, and one particular example is shown in figure 4.

[image: image4.png]



Figure 4 : AH640 standard gain antenna

The antenna in figure 4 covers 26.5GHz to 40GHz frequency range and can handle 5W continuous power. Antennas are individually calibrated for gain and have a waveguide to coaxial adapter with 2.9 mm connector. It is only one example of a standard gain horn antenna. Such a device could be used to provide a signal at a known level, and from a known direction of arrival to a DUT.
Observation 4 Since many of the testers make use of an external converter or mixer for up/down conversion they can support testing of a DUT at baseband (using IQ signals), at an intermediate frequency (IF), or at the RF operating frequency eg 60GHz. 
Testing at IF has also been discussed in RAN4 and may be suitable for some RRM tests (and the feasibility of baseband IQ testing could also be considered).

Observation 5 : Testing at IF or baseband does not exercise the whole receive and transmit chain of the UE. 
From this point of view it is less suitable for tests where the objective is to verify the gain and performance of the receive strip such as measurement accuracy tests. While it could be argued that the level of any received signal in an RRM test will have some effect on the test outcome, the exact signal level is clearly less critical for example in LTE handover delay tests than it would be in absolute measurement accuracy tests. It should also be kept in mind that one important element is excluded from LTE RRM tests – the device antenna. Different devices and form factors are likely to make different absolute measurements ine exactly the same physical location simply because some have better performing antennas than others. To an extent this is a desirable behaviour, since if a UE has an antenna with lower performance and gain then it should report lower measurements commensurate with its demodulation performance which will also be reduced by the worse performing antenna. On the other hand, the limits of acceptable antenna performance also need to be defined, and this is addressed by the MIMO OTA work item.
Observation 6 : Some additional methodologies (which may need to be supported by corresponding core requirements) may be appropriate for OTA testing such as

· Testing the repeatability of measurements, for example a relative accuracy requirement where a measurement is compared with itself

· Joint demodulation and RRM requirements, for example looking at the link between RRM measurements and throughput

· Relalative requirements, for example verifying the UE ability of the UE to measure multiple beams with different directions of arrival.
3 Conclusions

In this contribution, we examine some RRM/performance testing issues for NR in greater detail. Some of the key aspects we discuss are
· Observation 1 NR will not only be implemented on millimetre wave bands, and RRM testing eg below 6GHz will also be important. However, techniques for testing on bands below 6GHz are largly well understood,
· Observation 2 : Millimetre wave test technologies are in existence which allow the creation and analysis of 2GHz bandwidth signals at 60GHz eg for IEEE 802.11ad RF PHY later testing

· Observation 3 : There is some description of 60GHz test connection methods in the available literature. According to the literature, some 802.11ad devices have metallic connectors and may be connected to the test system using a suitable adaptor (such as waveguide to coax converter). The literature also describes 802.11ad devices which do not have metallic antenna connectors, and the use of a horn antenna of known gain for testing.

· Observation 4: Since many of the testers make use of an external converter or mixer for up/down conversion they can support testing of a DUT at baseband (using IQ signals), at an intermediate frequency (IF), or at the RF operating frequency eg 60GHz. Testing at IF has also been discussed in RAN4 and may be suitable for some RRM tests (and the feasibility of baseband IQ testing could also be considered).
· Observation 5 : Testing at IF or baseband does not exercise the whole receive and transmit chain of the UE and may be more suitable for some types of RRM test than others

Observation 6: Some additional methodologies (which may need to be supported by corresponding core requirements) may be appropriate for OTA testing such as

· Testing the repeatability of measurements, for example a relative accuracy requirement where a measurement is compared with itself

· Joint demodulation and RRM requirements, for example looking at the link between RRM measurements and throughput

· Relalative requirements, for example verifying the UE ability of the UE to measure multiple beams with different directions of arrival.
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