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Introduction

In the last RAN4#88bis meeting, WF was approved to further discuss how to define the EIRP OFF power and a list of concerns has been collected in the WF. Therefore in this contribution, we want to share some further considerations on the EIRP_OFF power for FR2 transient period measurement.
Discussion 
Q1:Both TRP and EIRP measurements are challenging at the low signal levels of TDD OFF power, however, EIRP measurement is pursued as first priority.Which power levels (EIRP and TRP) can be considered feasible to measure in FR2?

Ans: as mentioned by the TE vendors, the TRP and EIRP measurement are very challenging at the low signal levels of TDD OFF power. Based on the following setup for TRP measurement, then the lowest level for EIRP measurement could be derived in general. 

If assuming the noise floor for TE as 10dB which is similar as that of mmWave BS and UE, then receiver antenna gain as 20dB and cable loss as 10dB, in addition assuming the separation distance between the 5G AAU and receiver antenna as 5~10m, the EIRP_OFF power radiated from 5G AAU should be at least met the following condition: 

EIRP_OFF_POWER-80dB+20dB-10dB>=-174dBm/Hz+10dB=-104dBm/MHz, then we can get:

EIRP_OFF_POWER>=-34dBm/MHz;

Where 80dB is the pathloss between the 5G AAU and receiver antenna; 
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Figure 1. the general setup for TRP and EIRP measurement
If the TRP OFF power is -36dBm/MHz with antenna array size 8x16 assumed, then EIRP power level ranging from -11.5dBm/MHz to -12.7dBm/MHz at the peak direction [3] is still measurable, however for the EIRP in the side lodes might be difficult to measure indeed. In other words, EIRP_OFF_POWER requirement at the peak direction corresponding to the TRP OFF power requirement -36dBm/MHz instead of EIRP_OFF_POWER at the actual OFF state is still measurable.

Observation 1: EIRP_OFF_POWER requirement at the peak direction corresponding to the TRP OFF power requirement -36dBm/MHz instead of EIRP_OFF_POWER at the actual OFF state is still measurable. 
Q2: Is there a need for this requirement (to be tested) as it is implicitly covered by sensitivity test?

Ans: Firstly we need to know how the Tx OFF power is generated within the BS AAU. For the TDD AAU is RX mode, in fact the transmitter without baseband signal input is still powered on with some circuitry switched off if needed considering the power consumption. Therefore the Tx OFF power is mainly from amplified transmitter noise floor and some active signal from the PCB board due to the poor shielding performance or circuitry isolation performance. During the Rx mode for TDD AAU, the Tx OFF power might be coupled to the receiver chain via the poor isolation performance of Tx&Rx switch. However if the BS has very high isolation performance in the Tx&Rx switch, even though Tx OFF power cannot be fulfilled, Rx sensitivity test can be still easily passed. In other words, there are some risks if we leave the Tx OFF power test to Rx sensitivity test. Meanwhile we need to know that Tx OFF power is derived based on the inter-cell interference link budget, not due to interference from Tx to Rx chain. In addition, not only Tx OFF power should be met, but also the FR2 transient period requirement should be met which is tightly related to the cell coverage. 
Observation 2: there are some risks if leaving the Tx OFF power test to Rx sensitivity test as this has changed the requirement purpose.
Q3: 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?

Ans: If there is no guarantee of directivity and/ or antenna pattern in OFF state, as mentioned above, the amplified Tx noise floor and other active signals due to active components’ leakage radiated into the air could be very low in the actual OFF state, the general calculation of Tx noise floor for typical NR is shown as following: 

-174dBm/Hz+10+10*log10(256)= -104dBm/MHz+24dB=-80dBm/MHz<< -36dBm/MHz 

Where the NF for Tx is assumed as 10dB and antenna array size is assumed as 16x8x2. 

Based on the above information, it could be known that TRP OFF power requirement -36dBm/MHz is much larger than the actual noise floor. In other words, the antenna pattern or directivity can be still guaranteed when TRP OFF power is -36dBm/MHz, therefore single direction testing should be enough for conformance testing. In addition, the transient period is mainly dependent on the power supply for PA which has no spatial effect. However as mentioned in the contribution [3], as amplitude and phase adjustment are not decoupled totally in some scenarios which means the antenna pattern during the different TRP levels might be slightly different, however the difference between these states are still marginal according to the lab testing results.

Observation 3: TRP OFF power -36dBm/MHz is much larger than the actual noise floor (e.g. -80dBm/MHz) in the real OFF state, therefore directivity or antenna pattern can be still guaranteed with only small difference compared with that of TRP ON state.  

Q4: 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.

Ans: for the option 1, if directivity in the OFF state is declared by the BS vendors, then there are much freedom to set the EIRP_OFF_POWER level, in other words, the requirement could be easily fulfilled as which highly depend on the declaration;

For the option 3, use the result from static TX OFF measurement to derive the directivity, as mentioned above, amplified Tx noise floor and other active signal due to active components’ leakage radiated into the air could be possibly very low in the real OFF mode, therefore antenna pattern might not be guaranteed, even the TRP_OFF_POWER or EIRP_OFF_POWER might be measured without enough confidence levels as the received signal in the TE in some direction is close to or below noise floor. In addition, if we review the transient period requirement, the requirement should be transient period from declared TRP ON power to TRP OFF power -36dBm/MHz instead of the actual TRP OFF power e.g.-80dBm/MHz. If using the directivity measured at the actual OFF state for TRP OFF power equal to -36dBm/MHz, this is probably not appropriate anymore, as mentioned before in the actual OFF state, antenna pattern might be not guaranteed as emission power is mainly coming from amplified noise floor and other active signal leakage, however if TRP power is adjusted as -36dBm/MHz, then antenna pattern can be still guaranteed as explained before and in the previous contribution [xx]. In other words, the directivity measured at the real OFF state cannot be used for TRP OFF power -36dBm/MHz.  

Another approach is to adjusting the TRP OFF power as -36dBm/MHz, then measure the directivity or antenna pattern at the status, therefore EIRP_OFF_POWER could be derived or measured directly. Therefore the next question is how to set the TRP power as -36dBm/MHz, theoretically this could be done by the adjusting the the final end attenuator used for adjusting the amplitude for antenna element within sub-array system, however there might be some accuracy issues at so low signal power level. The basic reasons are that TRP/EIRP accuracy are usually only calibrated at the max configured output power. After multiple amplitude adjustments, there will be cumulative adjustment errors ending up with poor accuracy performance as adjustment error indeed occurs in each step due to chipset itself power adjustment issue. In other words, the measured EIRP_OFF_POWER/TRP_OFF_POWER may have big uncertainty among vendors. Therefore even though this approach seems to be feasible from the theoretical implementation point of view, however the measured EIRP_OFF_POWER by setting TRP OFF power as -36dBm/MHz might be still without enough confidence levels. 
For the option 2, assuming common assumption for directivity for OFF state, as mentioned in the previous contribution [3], TRP OFF power is derived according to the certain common assumption, therefore following the legacy approach to derive the EIRP_OFF_POWER also makes sense logically. The remaining question is how to define the common assumption for directivity when TRP OFF power is -36dBm/MHz, however according to our understanding, measured directivity at the TRP ON level are more straight-forward way which can cover any kinds of antenna array size implementation.

Observation 4: measured directivity at the TRP ON level are more straight-forward way to represent the directivity at the TRP OFF power -36dBm/MHz.  
Q5: 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.

Ans: the above options are not clearly enough which seems to test the OFF power instead of transient time. As mentioned before, measure the directivity or antenna pattern at the TRP ON level and use that directivity to derive the EIRP_OFF_POWER requirement, then measure the EIRP at the peak direction to check the transient time between EIRP_ON_POWER and EIRP_OFF_POWER requirement can fulfilled the requirement 3us. 
Proposal : measure the directivity or antenna pattern at the TRP ON level and use that directivity to derive the EIRP_OFF_POWER requirement, then measure the EIRP at the peak direction to check the transient time between EIRP_ON_POWER and EIRP_OFF_POWER requirement can fulfill the requirement 3us. 
Conclusions
In this contribution, we share some further considerations on the FR2 transient period measurement and EIRP_OFF_ POWER at the peak direction are proposed as following: 

Observation 1: EIRP_OFF_POWER requirement at the peak direction corresponding to the TRP OFF power requirement -36dBm/MHz instead of EIRP_OFF_POWER at the actual OFF state is still measurable. 
Observation 2: there are some risks if leaving the Tx OFF power test to Rx sensitivity test as this has changed the requirement purpose.

Observation 3: TRP OFF power -36dBm/MHz is much larger than the actual noise floor (e.g. -80dBm/MHz) in the real OFF state, therefore directivity or antenna pattern can be still guaranteed with only small difference compared with that of TRP ON state.  

Observation 4: measured directivity at the TRP ON level are more straight-forward way to represent the directivity at the TRP OFF power -36dBm/MHz.

Proposal : measure the directivity or antenna pattern at the TRP ON level and use that directivity to derive the EIRP_OFF_POWER requirement, then measure the EIRP at the peak direction to check the transient time between EIRP_ON_POWER and EIRP_OFF_POWER requirement can fulfill the requirement 3us. 
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