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1. Introduction
Occupied bandwidth is defined as the bandwidth containing the 99% of the total integrated mean power of the transmitted spectrum on the assigned channel.

For NR FR2, test requirements are tested radiated, so it is needed to provide further details to perform the Occupied Bandwidth measurement Over the Air.

The purpose of this contribution is to provide test procedure proposal for NR Occupied Bandwidth measurement in FR2.
2. Discussion
The definition of Occupied Bandwidth for FR2 can be found in [1]:

6.5.1
Occupied bandwidth

Occupied bandwidth is defined as the bandwidth containing 99 % of the total integrated mean power of the transmitted spectrum on the assigned channel. The occupied bandwidth for all transmission bandwidth configurations (Resources Blocks) shall be less than the channel bandwidth specified in Table 6.6.1-1.

The occupied bandwidth is defined as a directional requirement. The requirement is verified in beam locked mode on beam peak direction.
Table 6.6.1-1: Occupied channel bandwidth

	
	Occupied channel bandwidth / Channel bandwidth

	
	50

MHz
	100

MHz
	200

MHz
	400

MHz

	Channel bandwidth (MHz)
	50
	100
	200
	400


Following clauses introduce discussion for test procedure, metric, spatial domain and polarization to be used for measuring the occupied bandwidth in FR2.

2.1
LTE test procedure
Occupied Bandwidth test procedure for LTE and NR FR1 is defined according to following steps:

1.
SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0 for C_RNTI to schedule the UL RMC according to Table 6.6.1.4.1-1. Since the UE has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC.
2.
Send continuously power control "up" commands to the UE until the UE transmits at PUMAX level.
3.
Measure the power spectrum distribution within two times or more range over the requirement for Occupied Bandwidth specification centring on the current carrier frequency. The characteristic of the filter shall be approximately Gaussian (typical spectrum analyzer filter). Other methods to measure the power spectrum distribution are allowed. The measuring duration is one active uplink subframe. For TDD slots with transient periods are not under test.
4.
Calculate the total power within the range of all frequencies measured in '3)' and save this value as "Total Power".
5.
Sum up the power upward from the lower boundary of the measured frequency range in '3)' and seek the limit frequency point by which this sum becomes 0,5 % of "Total Power" and save this point as "Lower Frequency".

6.
Sum up the power downward from the upper boundary of the measured frequency range in '3)' and seek the limit frequency point by which this sum becomes 0,5 % of "Total Power" and save this point as "Upper Frequency".

7.
Calculate the difference ("Upper Frequency" – "Lower Frequency" = "Occupied Bandwidth") between two limit frequencies obtained in '5)' and '6)'.

As stated in the procedure above, the total power spectrum distribution radiated by the UE is measured at least twice the assigned channel bandwidth under test, in order to search the frequency values confining the total occupied bandwidth.
This procedure performs a power integration in the frequency domain in the direction from the edge of the measured spectrum distribution to the carrier, from both lower edge and upper edge independently, looking for a power distribution of the 0.5% of the total power in each edge to get the lower and the upper cut-off frequencies for the occupied bandwidth, respectively. The minimum conformance requirement of the 99% of the total integrated power of the transmitted spectrum in the assigned channel bandwidth for the occupied bandwidth calculation is accomplished with this proposal.

The criteria of measuring the 1% of the total power spectrum distribution from the edges to the carrier minimizes testing time, due to the percentage of the power to measure is low, compared with 99% of the total power spectrum distribution in the assigned channel bandwidth defined in the minimum conformance requirements. This procedure is agnostic of the frequency range to measure.
This test procedure to measure the Occupied Bandwidth is well accepted for LTE and NR FR1. 
Proposal 1: Test procedure definition for LTE and NR FR1 is a baseline for NR FR2.

2.2
Metrics
In NR FR2 measurements are radiated and the baseline defined in section 2.1 is based on LTE and NR FR1, where requirements are tested in conducted mode. According to the minimum conformance requirements in [1], the occupied bandwidth is defined as a directional requirement and is verified in beam locked mode on beam peak direction.
The requirement to measure Occupied Bandwidth in FR2 is a directional power requirement. This definition matches with the definition of EIRP, which is the measurement of the radiated power by the UE in certain direction. Minimum conformance requirements also set that the measurement direction is the beam peak direction.
Proposal 2: Measure total integrated mean power of the transmitted spectrum for Occupied Bandwidth in FR2 as an EIRP measurement in the Tx beam peak direction. EIRP is measured as described in TR 38.810 [2] clause 5.2 for the permitted RF testing methodologies. Tx beam peak direction is the direction where the maximum total component of the EIRP is found, as defined in [1].
2.3
Polarization

EIRP measurement procedure defined in [2] clause 5.2 for the currently permitted test methods include power contribution for each of the polarizations of the dual polarized antenna, EIRPθ and EIRPφ, for the total EIRP calculation: 
	Total EIRP = EIRPθ + EIRPφ


Similarly, for the occupied bandwidth measurement it is needed to consider power contribution from each polarization, in order to measure the 99% of the total integrated power of the radiated transmitted spectrum. Considering power contribution of each polarization individually to calculate occupied bandwidth can lead in non-realistic results, as the power contribution for each polarization can be very different for the final EIRP measurement.
Proposal 3: Consider power contribution from both polarization θ and φ to calculate occupied bandwidth.

3. Conclusion
It is proposed that RAN5 discusses and agrees the following proposals for open areas described in section 2 of this document to progress on SA FR2 Occupied Bandwidth test case definition:

Proposal 1: Test procedure definition for LTE and NR FR1 is a baseline for NR FR2.
Proposal 2: Measure the total integrated mean power of the transmitted spectrum for Occupied Bandwidth in FR2 as an EIRP measurement in the Tx beam peak direction. EIRP is measured as described in TR 38.810 [2] clause 5.2 for the permitted RF testing methodologies. Tx beam peak direction is the direction where the maximum total component of the EIRP is found, as defined in [1].
Proposal 3: Consider power contribution from both polarization θ and φ to calculate occupied bandwidth.
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