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1. Introduction
At the last RAN4 meeting (RAN4#88bis in Chengdu) extensive discussions related to progress and finalize the work associated to the FR2 TDD OFF power conformance test requirement was conducted. The outcome was an approved way-forward contribution [1] holding guidance and open issues for this meeting.  
In this contribution we continue the work to define the test procedure for FR2 TDD OFF power and transient period requirements. In the conclusion some proposals for approval is presented. 

2. Discussion
The TDD OFF power RF core requirement consists of two parts; Transmitter OFF power and OTA transient period. The first part specifies the transmitter OFF TRP level. The OFF-period power level is denoted TRPOFF as a spectrum density in dBm/MHz. The wanted signal output power is denoted TRPON in dBm.
The second part specifies the transient period between switching between TRPON and TRPOFF and switching between TRPOFF and TRPON. The transmitter transient period is the time during which the transmitter is changing from the OFF period to the ON period or vice versa. In Table 2.1-1, the essential details for the requirement is listed. 

Table 2.1-1: Minimum requirement parameters
	Transition

	Transition period 
(us)
	TRP OFF Level
(dBm/MHz)

	OFF to ON
	3
	-36

	ON to OFF
	3
	



The OTA transmit ON/OFF power requirement for NR base stations is specified as an RF core requirement in TS 38.104, sub-clause 9.5 and as a conformance test requirement TS 38.141-2, sub-clause 6.5.
The way-forward from last meeting with guidance for this meeting can be summarized as:
· Link budget analysis is encouraged to confirm which levels can be measured.
· Further analysis on different options to define directivity in off state, including the risks and benefits, is encouraged.
· Further analysis on the possible benefits of multiple measurement points is encouraged.
In the following sections some further input related to the way-forward is presented. 

2.1 Test methodologies
In general, a TRP measurement require multiple spatial EIRP samples to capture radiated power is all directions. From an EIRP samples the TRP is then calculated for a specific spatial sampling grid. Hence, a complete TRP measurement requires much more time then the specified transition period between TRPON and TRPOFF.
The following test methodologies have been discussed, so far;

Method A: TDD OFF power based on TRP and TDD transient period based on EIRP

Using this test method TDD OFF power level measurement and TDD OFF transient period measurement is separated in two separate tests;  
1. The TDD OFF power level, TRPOFF is measured as described for unwanted emission and wanted power.
2. The transient period is measured as the time between the transition between EIRPON and EIRPOFF and the transition between EIRPOFF and EIRPON at a specified direction.
With this requirement split the TDD OFF power level can be measured as TRP, using test approaches similar to unwanted emission and wanted power. To conserve test time the spatial sampling grid can be reduced to two cuts, since the OFF-power emission is leaking through the antennas aperture. Instead measuring emission in the neighboring channel, the emission is measured within the OFF period at the operating channel. 
The transient period is measured based on EIRPON in the beam peak direction and the EIRPOFF in the same direction, since the EIRPON relates to TRPON via the ON-period directivity DON and EIRPOFF relates to TRPOFF via the OFF-period directivity DOFF. Using this approach there is no association between DOFF and DON. Here it is assumed that the wanted signal EIRPON corresponds to wanted signal TRPON as the maximum output power condition. 
In Figure 2.1-1, an illustration of the transmitter ON period, OFF period and transient period is shown.
[image: ]
Figure 2.1-1: Illustration of ON period, OFF period and transient period
Since the leakage during the OFF-period have many similarities with unwanted emissions the general OTA test method with some extensions can be adopted. Instead of filter to reject the wanted signal, a power limiter and attenuator is used together with a synchronization signal. The synchronization signal is a logic signal telling the measurement receiver when the transmitter is transmitting (ON-period). The concept of having a synchronization signal is used for conducted testing for NR BS type 1-C and 1-H.









Method B: TDD OFF power based and TDD transient period both based on EIRP

This test method requires that the RF core requirement pass/fail threshold for the OFF-period emission to be translated from TRP to EIRP.
From antenna theory the relation between EIRP and TRP in the OFF-period can be expressed in dBm as:
			(Equation 1)
, where TRPOFF is stated by the RF core specification TS 38.104 and DOFF is the directivity associated to the OFF-period emission.
So far, the following approaches to derive the OFF-period directivity have been identified;
1. The base station manufacturer declares the OFF-period peak directivity DOFF for a certain direction.
2. The OFF-period directivity DOFF is established from a measurement. To measure the directivity a complete full sphere measurement is required. Since the received power at the measurement receiver is expected to be very low in a OTA environment, this approach will be very time consuming and complex.
3. 3GPP RAN4 defines a fixed reasonable value for DOFF. A value within the range single element directivity (un-correlated emission) to complete array directivity (fully correlated emission) could be used. 
4. Set the OFF-period directivity DOFF equal to the ON-period directivity DON, where DON is established from defined declarations on EIRPON and TRPON. This would correspond to the case where the emission is fully correlated. 
5. Set the OFF-period directivity DOFF equal to the element directivity. This would correspond to the case where the emission is un-correlated. The challenge here is that the element directivity would require a declaration.
So far, the principle have been to develop black box OTA requirements for base stations in eAAS and NR. For some requirements declarations have been introduced to give insights to a specific implementation. 
Also, to be considered is the impact on performance at the BS at the neighboring cell. If the offset EIRP get to large, then the performance in the network will be impacted making the requirement irrelevant.  

2.2 OTA link budget
In an OTA test environment, the test object is placed on a positioner in a shielded anechoic chamber so that the test object can be rotated allowing for measuring EIRP at different spatial directions. The spatial sampling grid, sampling grid resolution and test distance is selected based on the size of the radiating antenna aperture and measured frequency as described for unwanted emission requirements in TR 37.843, Annex D. The measured EIRP samples can be used to measure TRP as described in TR 37.843, sub-clause 10.8.
A principle test setup for measuring TDD OFF power and transient period is shown in Figure 2.2-1.
[image: ]
Figure 2.2-1: Gated OTA test setup
[bookmark: _Hlk528250304]It can be noticed that the test setup is very similar as for all unwanted emission requirements, except the need for the synchronization signal used to control the dynamic range of the measurement receiver. For unwanted emission requirements the attenuator and power limiter are replaced with an isolator and filter to reject the wanted signal power.
When measuring TRP, the test distance d can be reduced to be shorter than the far-field criteria. However, for an EIRP measurement, the test distance should be set by the far-field criteria to properly measure EIRP. The test distance will have a great impact on the lowest detectable EIRP emission level in an OTA environment. In Figure 2.2-2, a simple link budget for an OTA EIRP measurement is plotted. 

[image: ]
Figure 2.2-2: EIRP link budget
From the link budget the lowest detectable EIRP emission level can be calculated in dBm as:
[bookmark: _Hlk528248052]		(Equation 2)
, where N0 is the noise floor of the measurement receiver in dBm, SNR is the required signal-to-noise ratio to achieve acceptable measurement uncertainty in dB, Gmeas is the test range antenna gain in dBi and Lpath is the free-space path loss in the test range in dB. 
As an example, the following parameters have been assumed for this analysis:
1. Test object operating frequency is 30 GHz corresponding to a wave-length  equal to 0.01 m.
2. The measurement antenna gain is set to 20 dBi, which is typical for a standard gain horn at 30 GHz.
3. The measurement SNR is set to 20 dB, to achieve acceptable test time and measurement uncertainty. 
4. The measurement receiver noise floor N0 equal to -80 dBm/MHz, which is a typical value for a measurement receiver at 30 GHz
5. The largest dimension of the antenna aperture D equal to 0.08 m.
The test distance d, is calculated in m as:
		(Equation 3)
The shortest test distance can be calculated to 1.3 m, which corresponds to a free-space path loss Lpath equal to 64.3 dB. Using Equation 2, the lowest detectable EIRP emission level can then be calculated to -15.7 dBm/MHz. 
The lowest detectable EIRP level and the TRP requirement threshold suggests than to define a feasible test method, the offset factor (aka directivity) should be set to D = EIRP – TRP = 20.3 dBi. 
Measuring TRP, the test distance can be minimized conserving dynamic range, which is described in TR 37.843.
Another aspect to consider is the measurement bandwidth, typically the resolution bandwidth on a spectrum/signal analyzer will set the lowest detectable signal level. The RF core requirement defines the measurement bandwidth to be measured through a filter with a square filter response with bandwidth equal to the transmission bandwidth configuration of the base station. However, to compensate the path loss in the OTA test environment, the measurement bandwidth needs to be lower to detect the test object emission level at the measurement receiver input. 







3. Conclusion
In this contribution we have summarized the discussion related to potential test methods together with some vital aspects to consider when the conformance test requirement is defined. This requirement is one of the most challenging from a testing perspective since is captures both a very low emission level as well as a transient period in the time domain. In current specifications, details to TDD OFF power test aspects is not captured. Moving to the OTA domain for FR2 aspects as link budget and measurement aspects related to TRP are important. 
We have concluded that the specified TDD OFF power level is in the same range as for unwanted emission requirements, therefore it would be reasonable to test TDD OFF power with a test method similar as for unwanted emission. Instead of filters, to protect the measurement receiver from the wanted signal in the frequency domain, other components as limiters and attenuators are required to protect the measurement receiver from the wanted signal in time domain. Also, it is reasonable that a synchronization signal from the test object is required for the measurement receiver to handle the large dynamic range between the ON-period power and the OFF-period power. 

Proposal 1:
Measure OTA TDD OFF power as TRP, using the test methodologies developed for unwanted emission adapted for TDD OFF power emission. 

Since TRP measuring is requiring multiple spatial samples, it is suggested to measure TDD transient period based on EIRP in a few directions within the intended coverage and verify the transient time between ON-period and OFF-period. 

[bookmark: _GoBack]Proposal 2:
Measure OTA TDD transient period between ON-period and OFF-period, based on EIRP. 
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