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Introduction

In the previous meetings, there were some initial discussions on the test method for FR2 OTA transient time, however there was no consensus due to the complexity issue and limited time. In this contribution, we want to make some comparisons on transient period measurement between EIRP metric and TRP metric with pros and cons on each testing metric. 
Discussion 
In the existing TS38.104 spec, it’s clearly specified in the core requirement that the OTA transient period should be measured together with OTA transmit OFF power, and OTA transmit OFF power for FR2 BS is defined via TRP metric. 
	extracted from TS38.104 
9.5.2.3 Minimum requirement for type BS type 2-O
The OTA transmitter OFF power spectral density for BS type 2-O should be less than [‑36 dBm/MHz].

NOTE: The OTA transmitter OFF power is measured together with the OTA transmitter transient period. As the OTA transmitter OFF power for BS type 2-O is defined as TRP, the measurement procedure for the OTA transient period is FFS.  


Measure FR2 transient period via TRP metric: 

In the previous meetings, the transient period measured by TRP metric is demonstrated in details as following: 
As shown in Figure 1, for each EIRP measurement point (x,y,z), the measured EIRP across D/U and U/D symbols should be recorded to demonstrate the ON/OFF and OFF/ON transient period . After measuring the whole or partial spherical surface with reasonable sampling grid, the measured EIRP with the same timing across D/U and U/D symbols should be summed up to obtain the measured TRP across these periods as shown in Figure 1. Here it should be clarified that transient time among different measurement points is not averaged, and transient period should be measured via TRP measurement results from TDD ON/OFF or OFF/ON period. 
According to the FR2 OFF power requirement TRP -36dBm/MHz and declared output power TRP and channel bandwidth, the transient period for TDD ON/0FF could be derived correspondingly. In addition, it should be noted that the EIRP samples during D/U period for each EIRP measurement point (x,y,z) should be time aligned, and it’s the same story for EIRP samples during U/D period for each EIRP measurement point, otherwise it’s meaningless to sum up the EIRP from different time slots to derive the TRP. Regarding the sync issues between the DUT and test equipment, especially on the near field testing, DUT should provide the reference clock to testing equipment to decode the realistic phase at each measurement point for TRP calculation. The same principle or the same reference clock could also be provided for other testing method, e.g. CATR, or far filed. 
Based on the above considerations, the basic steps to derive the transient period are summarized as following:

1) measure the EIRP across D/U and U/D symbols for each spherical sampling point and record the angular direction (
[image: image9.bmp]);

2) sum up the EIRP samples from different spherical sampling point to derive the TRP across D/U and U/D symbols;  

3) calculate the ON/OFF and OFF/ON transient period according to the FR2 OTA OFF power requirement and declared TRP by BS vendors when all transmitters are switched on. 
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Figure 1. testing method for FR2 transient period based on TRP measurement
Pros and Cons: 

Pros: As FR2 TDD OFF power is defined based on the TRP metric, transient time measured via TRP metric in conformance spec could align with core requirement definition, otherwise additional conformance test requirement should be defined which makes existing core requirement meaningless. 
Cons: measurement point for TRP calculation could be relatively more compared with testing based on the EIRP metric. In addition, the testing method is more complicated than testing based on the EIRP metric. 

Measure FR2 transient period via EIRP metric: 

Alternative testing method for transient time is based on the EIRP metric as shown in Figure 2. The TDD ON/OFF transient time could be measured by checking the rolling off time from declared ON EIRP value to required OFF EIRP value or vice versa, however there are no required OFF EIRP requirement defined yet for conformance testing which means BS vendors don’t have the baseline OFF EIRP power levels to check the transient time. As shown in the Figure 2, if we don’t have the required OFF EIRP power level, we may face the following situation: the rolling off time from declared ON EIRP to realistic OFF EIRP value is 4us which is larger than required transient time 3us, however the rolling off time from declared ON EIRP to required OFF value is 2us which is less than required transient time 3us. Therefore the remaining key issue is how to define the required OFF EIRP value, but this contradicts with core requirement definition as core requirement is defined based on TRP metric, unless we could find the relationship between required OFF EIRP requirement and required OFF TRP requirement. 
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Figure 2. testing method for FR2 transient period based on EIRP measurement


[image: image4]
Figure 3. Example of relations between transmitter ON period, transmitter OFF period and transmitter transient period

According to the discussion for TRP_OFF derivation, the receiver antenna configuration for victim BS is assumed as 128 with antenna element gain 6dBi, and the configuration could be also applied for the aggressor BS Tx, then EIRP_OFF at peak direction should be -36dBm/MHz+10*log10(128)+6dBi=-9dBm/MHz. If integrating antenna pattern for directivity and considering the element efficiency or loss [5], then EIRP_OFF at peak direction should be -11.5dBm/MHz. 
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It should be noted that transmitter signals of transceiver units or inputs on antenna elements are assumed fully correlated. In fact, the transmitter signals during the TDD OFF period could be partially correlated or not correlated at all. According to the antenna pattern specified for IMD3 signal, the similar formula could also been applied for TDD OFF signals other than weighting factors. Based on the following formula, it could be known that correlation level should have direct impact on the antenna gain, therefore EIRP OFF power should be impacted. More specifically speaking, the EIRP OFF power would be reduced which could slightly relax the transient period requirement and tighten TDD OFF power requirement. However when TRP OFF power -36dBm/MHz was specified in the TS38.104, the correlation of receiver’s units of victim system was assumed as fully correlated, maybe this principle could be reused or followed for Tx signals of aggressive system, otherwise some further discussion on the correlation level are needed. 
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Another approach to derive the EIRP OFF power level is based on the definition of TRP definition as sampling grid which is tightly related with antenna configuration.  


[image: image7.wmf](

)

(

)

å

å

-

=

-

=

»

1

0

1

0

sin

,

2

N

n

M

m

n

m

n

EIRP

NM

TRP

q

j

q

p


For the Rayleigh sampling grid shown in Figure 4 [xx], except EIRP at the peak direction, other EIRP sampling point is on the beam null angle in the ideal situation which means EIRP value other than peak direction could be very small and almost negligible. If antenna configuration is assumed as 128 (16x8) transceivers, then EIRP_OFF at the peak direction should be -36dBm/MHz+10*log10(2*26*13/pi)=-12.7dBm/MHz. Here sampling point is explained in the approved contribution [xxx] in which rayleigh sampling grid is used for TRP measurement. 
Based on the above considerations for measuring transient time by EIRP metric, required OFF EIRP power level could be within -11.5dBm/MHz to -12.7dBm/MHz. 
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Figure 4. testing method for FR2 transient period based on EIRP measurement

Pros and Cons: 

Pros: measurement time based on EIRP metric could be very fast compared with testing based on the TRP metric. In addition, the testing method is much simpler than testing based on the TRP metric. 
Cons: As FR2 TDD OFF power is defined based on the TRP metric, if we define additional conformance test requirement which makes existing core requirement meaningless. 

Conclusions
In this contribution, we make some comparisons on transient period measurement between EIRP metric and TRP metric and pros and cons on each testing metric: 

Observation 1:

	
	Measurement based on TRP metric 
	Measurement based on EIRP metric 

	Pros
	align with core requirement 
	short testing time and simple 

	Cons
	time consuming and complicated
	contradict with the existing OFF power definition.


Observation 2: for measuring transient time by EIRP metric, required OFF EIRP power level could be within -11.5dBm/MHz to -12.7dBm/MHz. 
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