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1. Introduction

In the last meeting, the way forward for FR2 TDD transmitter OFF power and transient period requirements was approved [1]. Based on WF, we further discuss on remaining issues and provide our view on how to measure transmitter OFF power.
2. Discussion

In the last meeting, the following way forwards were approved in [1].
Background
· Multiple contributions were provided to RAN4#88bis, and they were discussed both online and offline.
· Items with consensus (based on offline discussion)
· Both TRP and EIRP measurements are challenging at the low signal levels of TDD OFF power, however, EIRP measurement is pursued as first priority
· Open items (based on offline discussion)
· How to translate TRP requirement into EIRP measurement when EUT is in OFF state?
· Option 1: Declare directivity in OFF state
· Option 2: Agree common assumption for directivity in OFF state
· Option 3: Use results from static TX OFF measurement to derive the directivity.
·    Which power levels (EIRP and TRP) can be considered feasible to measure in FR2?
·    In case there is no guarantee of directivity and/or antenna pattern in OFF state, can a measurement in single direction be considered reliable or are more measurement points needed?
·   Is there a need for this requirement (to be tested) as it is implicitly covered by sensitivity test?
· How to measure transient time
· Option 1: Measure only Off power level at the period defined as shown in TS37.145-1(Conducted).

· Option 2: Measure Both On and Off power level.

Agreement

· 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
The TDD OFF power requirement for FR2 has been defined as TRP metric in core requirement [2]. However, for conformance testing, EIRP measurement was agreed instead of TRP since TRP measurement is challenging for TDD transient period for FR2. In the past meeting, EIRP measurement methods have been discussed, but no conclusion has been reached yet. Our views are provided in the following sections.
2.1 Translate from EIRP OFF to TRP OFF
In general, TRP can be calculated from EIRP by using the antenna directivity. In order to measure TDD off power and transmitter transient period by EIRP, this principle can be used. The following formula can be used to derive TRP off power level.
TRPOFF = EIRPOFF - DEUT_OFF + Loss

Where 


TRPOFF: Estimated TRP during off state


EIRPOFF: Measured EIRP during off state


DEUT_OFF: Directivity of EUT during off state


Loss: Path loss etc. (which can be calculated in calibration stage)

According to this formula, it is needed to clarify the definition on DEUT_OFF for calculation on TRPOFF from EIRPOFF. In WF, there are three options for the definition on DEUT_OFF.
Option 1: Declare directivity in OFF state
Option 2: Agree common assumption for directivity in OFF state
Option 3: Use results from static TX OFF measurement to derive the directivity.
In our view, option 3 is suitable for the following reasons:
For option 1, it is difficult to confirm the credibility since the value is depending on declaration. Basically, it should avoid specifying such a declaration requirement.

For option 2, it is difficult to define one common assumption since the directivity depends on BS implementation. Figure 1 shows some examples of BS implementations. In Fig a), it might be assumed that the directivity during the transmitter off period is similar to that during the on period, while in Fig b) it might be assumed that the directivity differs between the off period and the on period. According to [3], since there is no active device after branching to each antenna element or sub antenna array, the same directivity seems to be assumed. On the other hand, according to [4], the different directivity is assumed. Therefore, the directivity during off period depends on BS implementation, and it is difficult to reach consensus on one common assumption. 
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Figure 1: Example of BS implementations
For option 3, as mentioned above, the directivity depends on BS implementation. Thus, measurement based calculation is most reasonable option and close to actual directivity value. 

From above observations, we propose to use option 3. 
Proposal 1: The directivity during transmitter OFF period should be based on results from static TX OFF measurement (Option 3). 
2.2 Testing Directions

As mentioned in previous section, the antenna pattern and directivity during off period is depending on BS implementation, so there is a risk to measure null or very low directivity direction if only one direction is tested. To guarantee the directivity due to the implementation difference, it is necessary to apply multiple directions test to TDD OFF power measurement. We can see the multiple directions test in other such as radiated transmit power, EVM, frequency error and so on. In addition, it is reasonable to align measurement directions with EIRP power measurement i.e., radiated transmit power requirement. In radiated transmit power requirement, EIRP is measured at 5 directions including beam peak direction and beam direction pair. Similarly, TDD off power and transient period can be tested at 5 directions to guarantee directivity and antenna pattern difference.

Proposal 2: TDD OFF power and transient period should be tested at 5 directions including beam peak direction and beam direction pair.
2.3 Relationship to Sensitivity Test

The OFF power requirement and the sensitivity requirement are tested during transmit off state, so the sensitivity degradation due to OFF power emissions should be considered. In Intra system interfere scenario, OFF power emissions will be coupled from one antenna element to other antenna elements. Considering these intra system coupling and tolerance for interfere level in channel, the impact is depends on implementation. If sensitivity test is governed, the TDD OFF power might need to be removed from both core and conformance requirement, but there is no technical view about this issue. In addition, the current core required value -36dBm/MHz TRP is minimum requirement to guarantee receiver performance of other BS located in the same geographic area. Therefore, TDD OFF power requirement should be considered independently to progress discussion. 

Proposal 3: The TDD OFF power requirement should be tested to guarantee other BS receiver performance unless the evidence to remove TDD OFF power requirement is clarified.

2.4 ON Power Measurement

Regarding how to measure transient period, the following options can be seen in WF. 
· Option 1: Measure only Off power level at the period defined as shown in TS37.145-1(Conducted).

· Option 2: Measure Both On and Off power level.

In NR FR1 and E-UTRA cases, for TDD off power and transient period requirement, only off power level is measured. The same approach can be used for FR2 OTA testing. In the case of no ON power measurement, we may not confirm the transmitter transient time. However, in such a case, the performance degradation during ON period can be confirm in other requirements e.g., EVM. Therefore, it is enough to measure only off power for TDD OFF power and transient period requirements in FR2.

Proposal 4: Only off power measurement is enough if there is no technical concern.

2.5 Test procedure for TDD transient period
To adopt option 3, the clarification on how to measure the directivity is needed. One option to derive DEUT_OFF is to measure EIRP off power and TRP off power under TX off configuration continuously (but power is on). When BS is under TX off configuration, there is an advantage on measurement power dynamic range of test equipment. The value difference between measured EIRP off power and measured TRP off power can be used for the antenna directivity during TDD off state. This antenna directivity can be applied for TDD OFF power. Based on above discussion, the transient period can be measured as below.

Proposed procedure which is modified from TS 38.141-2 v1.1.0
1) Place the BS at the positioner.

2) Align the manufacturer declared coordinate system orientation (D.2) of the BS with the test system.
3) Move the BS on the positioner in order that the direction to be tested aligns with the test antenna.

4) Configure the beam peak direction of the BS according to the declared beam direction pair.
From step 5 to 7, the antenna directivity during off state will be measured.
5) Set the NR BS transmitter to off continuously after setting the applicable test configuration in subclause 4.7 using the corresponding test models or set of physical channels in subclause 4.9. 
In addition, for an NR BS declared to be capable of multi-carrier and/or CA operation use the applicable test signal configuration setting specified in subclause 4.7.3.
6) Measure EIRP and TRP, call this P_EIRP_OFF_ref and P_TRP_OFF_ref. 
7) Calculate the difference between EIRP and TRP when transmitter is off, call this Delta_P. Delta_P = P_TRP_OFF_ref - P_EIRP_OFF_ref.
From step 8 to 10, TDD off power will be measured by EIRP. 
8) Set the NR BS to transmit according to the applicable test configuration in subclause 4.7 using the corresponding test models or set of physical channels in subclause 4.9. 

In addition, for an NR BS declared to be capable of multi-carrier and/or CA operation use the applicable test signal configuration and corresponding power setting specified in subclause 4.7.3.
9) Measure EIRP sample when transmitter is OFF, call this P_EIRP_OFF by either a) or b) below. EIRP is measured over 70/N μs filtered with a square filter of bandwidth equal to the RF bandwidth of the NR BS centred on the central frequency of the RF bandwidth. 70/N μs average window centre is set from 35/N μs after end of one transmitter ON period + 3μs to 35/N μs before start of next transmitter ON period - 3μs. N = SCS/15, where SCS is Sub Carrier Spacing in kHz. 
a)
If the test facility only supports single polarization, then measure EIRP with the test facility's test antenna/probe polarization matched to the NR BS.

b)
If the test facility supports dual polarization then measure total EIRP for two orthogonal polarizations (denoted p1 and p2) and calculate total radiated transmit power for particular beam direction pair as EIRP = EIRPp1 + EIRPp2.

10) For an NR BS supporting contiguous CA, measure EIRP by either a) or b) above. EIRP is measured over 70/N μs filtered with a square filter of bandwidth equal to the Aggregated Channel Bandwidth BWChannel_CA centred on (Fedge_high+Fedge_low)/2. 70/N μs average window centre is set from 35/N μs after end of one transmitter ON period + 3 μs to 35/N μs before start of next transmitter ON period - 3 μs. N = SCS/15, where SCS is Sub Carrier Spacing in kHz, call this P_EIRP_OFF.
In step 11, TDD off TRP will be calculated by measured EIRP and the antenna directivity during off state. 
11)   Estimate the TRP off power as P_TRP_OFF, P_TRP_OFF = P_EIRP_OFF – Delta_P.
In step 12, the transient period will be tested at 5 directions which directions are the same with other TX directional requirements such as radiated transmit power requirement.

12)   Test steps 3 to 12 are repeated for all declared beams (D.3) and their reference beam direction pairs and maximum steering directions (D.8 and D.10).
Proposal 5: Agree on the testing procedure for TDD transmitter transient period for FR2.
2.5 Text proposal
The text proposal for TS 38.141-2 including this procedure is provided in other contribution [6].
3. Conclusion
In this contribution, TDD OFF power and transient period for FR2 are discussed and the following proposals are provided.

Proposal 1: The directivity during transmitter OFF period should be based on results from static TX OFF measurement (Option 3).
Proposal 2: TDD OFF power and transient period should be tested at 5 directions including beam peak direction and beam direction pair.

Proposal 3: The TDD OFF power requirement should be tested to guarantee other BS receiver performance unless the evidence to remove TDD OFF power requirement is clarified.

Proposal 4: Only off power measurement is enough if there is no technical concern.

Proposal 5: Agree on the testing procedure for TDD transmitter transient period for FR2.
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