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1
Introduction
During the RAN #75 meeting the study item on New Radio access technology [1] was finalized with its outcome captured in TR38.803 [2]. During RAN #76 the New Radio Work Item was initiated [3]. With the agreement to define and test RF requirements for NR mmWave over the air (OTA), a number of observations and concerns with potentially long testing time have been raised.
This paper examines the topic of unwanted emission requirements for mmWave and proposes one approach to define these requirements with the testing time optimization in mind.

2
Discussion
The NR SI agreements on occupied bandwidth and adjacent channel leakage ratio (ACLR) requirements are captured in TR38.803 [2]:
Of interest to this paper is Range 2, which is the mmWave range of frequencies (above 13 GHz). Thus, one approach is to measure the total radiated power at each frequency offset from the carrier frequency in order to verify conformance with the unwanted emission specification. The major drawback of this approach is the testing time due to a larger range of frequencies for which the spectrum emission mask or out of band (OOB) emission requirements are defined.  Furthermore, the UE has analog beamforming capability for its mmWave antenna array, where for each set of magnitude and phase adjustment coefficients, the radiation pattern of the UE changes, which implies that the TRP metric needs to be measured across a number of beam steering coefficients.

An alternative approach is to implement a sweep across frequency and measurement direction without quantifying the full spatial response per frequency point; we term this the coarse sweep. If this coarse sweep fails a tightened requirement, then a re-measurement of the failure point according to TRP measurement procedures can verify compliance with the actual requirement. This procedure may be suitable for band edge unwanted emissions where it is highly probable that the unwanted emission is transmitted through the antenna, and the radiation pattern behavior should not change too much in frequencies close to the frequency at which the full sphere TRP was measured.
This procedure may be summarized as follows:
1. Let f0 be the center frequency of the uplink channel under test

2. Let df be the frequency step specified in the emission requirement, such that the entire range of frequency test points is f = f0 +/- k*df, where k is an integer from 1 to N

3. Let K_freqCoh be the value of k which ensures that the TRP of the DUT radiation pattern at f0 and f0+ K_freqCoh *df deviates by a marginal quantity, such that the impact of this quantity does not significantly degrade the measurement uncertainty of the TRP

4. For each beamforming direction specified in the requirement, measure the TRP at frequency points f0, f0 +/- K_freqCoh*df, f0 +/- 2* K_freqCoh*df, …

5. For all frequency points between those at which the full TRP was measured in Step 4, apply one of the options listed below for the coarse sweep of the unwanted emissions across the beamforming direction, frequency, and measurement direction variables

The coarse sweep procedure, identified in Step 5 above, may be implemented as follows:

5.1. Select the frequency point, measurement direction (theta_meas, phi_meas), and beam direction (theta_beam, phi_beam)
5.2. Measure effective isotropic radiated power (EIRP)
5.3. Compare to the coarse mask, which is the emission mask requirement tightened by some value (one example could be [2] dB)
5.4. If the measured emissions violate the coarse mask, repeat the full sphere TRP measurement for the variables selected in Step 5.1
5.5. If the measured emissions do not violate the coarse mask, select a different set of frequency point, measurement direction, and beam direction, and go back to Step 5.2
The selection of parameters in Step 5.5 can be optimized to reduce measurement time.

One alternative to Step 5.4 above may be to perform a partial surface measurement instead of the full sphere TRP. The partial surface measurement can cover a range of measurement directions around the one at which the coarse mask was violated.
Further optimizations of the instrumentation settings, such as wider resolution bandwidth and broader span, can be employed to reduce the testing time of the coarse sweep or the full sphere TRP measurement procedures.

Proposal 1: It is proposed to define the requirements for occupied bandwidth, SEM, and ACLR as two values: one value assuming the full sphere TRP measurement and another value, tightened by [2] dB, assuming a coarse sweep procedure.
Proposal 2: It is proposed to define a coarse sweep procedure for the unwanted emissions test procedure such that the trades off full sphere pattern coverage at all frequency points with measurement time; one example of this procedure is provided in this paper; other procedures are not precluded. Such measurement procedure aspects can be handled in the NR Test Methods SI once an agreement on the requirement definition is in place.
Proposal 3: Care should be taken not to over-specify the coarse sweep procedure, so that potential optimizations developed by test equipment vendors are not unnecessarily precluded. Such considerations can also be handled in the NR Test Methods SI.
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6.2.2.12	Occupied bandwidth


For Range 1


The value is directly related to the channel BW which will be determined in the WI phase.


For Range 2


TRP is used as a metric to be equivalent with existing (conductive) emission requirement. On the other hand, necessity of EIRP was also proposed based on that the signal in the band would be coherent. The need will also be discussed in the WI phase.


6.2.2.13	SEM


For Range 1


It was agreed that NR UE shall meet the same SEM limit as that of LTE up to 20 MHz CBW since it should not be changed regardless of the interferer from victim system’s point of view. How to treat larger bandwidth than 20 MHz of NR is FFS.


For Range 2


TRP is used as a metric to be equivalent with existing (conductive) emission requirement. Whether there is any justification not to follow the ITU response is FFS.


6.2.2.14	ACLR


For Range 1


It was agreed that NR ACLR requirements for UTRA, E-UTRA and NR need to be specified in the WI phase.


For Range 2


TRP is used as a metric to be equivalent with existing (conductive) emission requirement. It was agreed that NR ACLR requirements for UTRA and E-UTRA are not to be specified. The values themselves will be determined in the WI phase.









