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1.
Introduction
This document raises the issue for the possible disconnection of the FR2 link during the spherical measurements (i.e. TRP, Tx beam peak search/EIRP Spherical coverage, Rx beam peak search/EIS Spherical coverage) and gives some solutions.
Note that similar document is submitted in RAN5. 

2.
Discussion

2.1 General Discussion

For spherical measurements, UE’s Rx beam tracks the signal from SS then it was considered that the connection can be kept with single measurement antenna However, according to the PC3 spherical coverage requirement, only the 50%-tile requirement is defined and thus there is a possibility that connection will be broken up for certain orientations. Actually, some EIS CDF discussion paper like R4-1810065 [1], it is indicated that 40dB dynamic range for EIS CDF can be possible.  The analysis in R5-184425 [2] gives that the possible maximum DL power will be at least 20.6dB lower @ 40GHz from Max Input Level of -25dBm (for QPSK). The margin from the maximum REFSESNS(-76.7dBm/400MHz@n260@PC3) is -25 - 20.6 - 76.7 = 31.1dB. Note that after some more analysis, it is observed more degradation for the maximum possible DL power is expected, then margin from maximum REFSENS can be less than 31.1dB. Considering this, we have high possibility that the connection cannot be kept with the actual DUT during the spherical measurement. 
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Figure 1 EIS CCDF Result from R4-1810065 [1]

Observation 1) Even if the UE beam is not locked (i.e. UE tracks the DL signal from the SS and forms the beam towards it) there is a possibility that the connection will be broken for TRP/Tx Beam Peak Search/EIRP Spherical coverage measurements. 

A possible workaround from the test equipment side might be to use several FR2 link antenna and switch them appropriately. However, additional FR2 link antenna would require much cost (Additional frequency converter to mmWave, consideration for the cable placement considering the high attenuation etc) and also cause increased MU and Test Tolerance. Also, it could not be guaranteed that additional FR2 link antennas would be in directions where the UE had coverage. 
Observation 2) Additional FR2 links would require much cost / increase of complexity for the TE implementation and cause increased MU and Test Tolerance, without guaranteeing coverage.

In the sections below, considerations for measurement procedure taking the possible FR2 link disconnection during the measurement is given for Rx beam peak search, Tx beam peak search and TRP measurement.
2.2 Rx Beam Peak Search and EIS Spherical coverage 
For Rx Beam Peak Search, the contiguous variation of EIS over the full sphere without locking the UE’s beam forming is required. Hence, the Rx beam peak search procedure needs to consider the possibility that the FR2 connection will be broken in some directions, even with the maximum possible DL power from the test system.
Observation 3) For Rx beam peak search and EIS Spherical coverage measurement procedure, the procedure needs to take the possibility of FR2 link disconnection into account.

Since the directions where the DL FR2 connection breaks when using the appropriate DL level are apparently not the Rx beam peak, then there is no need to measure EIS for such directions. Hence, skipping the EIS measurement where FR2 link breaks can be permitted. 
Proposal 1) For Rx Beam Peak search, allow skipping measurements in directions where the FR2 link breaks when a predefined DL power level PDL is applied, where PDL > Refsens. The exact value of PDL can be determined in RAN5, taking into account uncertainties.
For EIS Spherical coverage measurement, more careful consideration is required. Theoretically, for the purpose of judging whether X %-ile Spherical coverage EIS meets the requirement, the EIS data greater (worse) than X%-ile value is not required as long as all the EIS data less (better) than X%-tile value is obtained. In practice, if we apply a power PDL where PDL ≥ (Refsens + spherical coverage relaxation), a conformant UE will return “pass” results (T-put ≥ requirement) for ≥ the specified %-ile.
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Figure 1: Measuring T-put over a range of directions to verify % spherical coverage
The number of directions to be tested to verify % spherical coverage with sufficient accuracy is for further study, and may depend for example on grid type, search procedure/algorithm and so on.
Proposal 2) X%-tile EIS spherical coverage requirement can be verified by applying a power PDL where PDL ≥ (Refsens + spherical coverage relaxation), and checking that the spherical sampling points where the T-put is met with PDL occupies ≥ X  of the whole area of the sphere.
2.3 Tx Beam Peak Search and EIRP Spherical coverage 
Same as Rx beam peak search, measurement will be carried out without locking the beam during Tx Beam Peak search and EIRP Spherical coverage measurement. This means that it is not possible to measure the EIRP at UE orientations where the FR2 link cannot be kept. Hence, the Tx beam peak search procedure needs to consider the possibility that FR2 connection will be broken for some directions.
Observation 4) For Tx beam peak search and EIRP Spherical coverage measurement procedure, the procedure needs to take the possibility of FR2 link disconnection into account.
However, it is considered that the Rx beam peak and the Tx beam peak would have correlation at some level due to beam correspondence. Hence, for Tx Beam Peak Search procedure, skipping the measurement (EIRP = -inf ) at the directions where link cannot be kept would not cause an issue in practice. Note that the MU for the Tx beam peak search 0.5dB is derived from the relation of directivity (sharpness of the beam) of beam peak and the measurement grid sparsity, so even if the measurement is skipped for the directions where FR2 link cannot be kept, we can still keep the 0.5dB MU. 
Proposal 3) For Tx Beam Peak search, allow skipping measurement of EIRP in directions where the FR2 link breaks when a predefined DL power level PDL is applied, where PDL > Refsens. The exact value of PDL can be determined in RAN5, taking into account uncertainties and non-ideal beam correspondence.
For EIRP Spherical coverage, the same approach as described in 2.3 can be reused but possibly with a different PDL value. Although similar in principle to the EIS Spherical coverage method, some additional consideration for different beam gain pattern between DL and UL (beam correspondence) will also be required.
Proposal 4) X%-tile EIRP spherical coverage requirement can be verified by applying a power PDL where PDL > (Refsens + spherical coverage relaxation) and checking if the spherical sampling points where EIRP is met with PDL occupies ≥ X  of the whole area of the sphere.
The number of directions to be tested to verify % spherical coverage with sufficient accuracy may depend for example on grid type, search procedure/algorithm, beam correspondence and so on.
2.4 TRP measurement 
For TRP measurement, different from Rx beam peak search and from Tx beam peak search procedure, the measurement will be done by locking the Tx beam. For Tx tests, the downlink level accuracy is not so important as for Rx tests. So, considering test system cost, complexity, measurement time (calibration time), etc, a reasonable choice is to allow the non-calibrated but RSRP based pathloss compensation link. 
Observation 5) For Tx test cases, DL accuracy is not critical, so non-calibrated DL power level (RSRP based compensation) is adequate.

Note that for spurious emission tests, as the measurement antenna for calibrated normal link needs to be replaced with the measurement for spurious frequencies (much lower/higher than in-band frequency), we anyway need an additional FR2 link antenna. Such link antenna can also be the one with non-calibrated but RSRP based pathloss compensated.

Observation 6) For spurious tests, at least one alternative link antenna with non-calibrated DL power level (but RSRP based compensated) will be required as the calibrated link antenna is replaced with another antenna for measuring spurious frequencies.

Although the FR2 link has a smaller chance of breaking if multiple FR2 antennas are placed, it is still unclear how many FR2 link antennas would be required in the chamber, as the UE’s antenna pattern depends on UE’s implementation. Considering the test system cost and complexity, it is desirable to minimize any requirement for additional FR2 anchor links. The following approaches are suggested for discussion: 
Approach 1: Introduce a UE special test mode where the UE transmits a signal without having connection with the test system, but controlled by some other interface such as USB.
Approach 2: Retain conventional method using connection with the test system, but introduce a UE special test mode which can keep the connection even if the downlink signal is too weak (For example, with a much longer link failure timer, maybe ~1 minute, than that allowed by the core specification).
Approach 3: Allow the test system to fail UEs which are not able to keep the link with a predefined test scenario (e.g. minimum number of FR2 link antennas, minimum number of specified directions, minimum DL power from each,  etc… ).
Approach 4: Handling is left open to Test System implementation 

Approach 5: Other ideas?
We would like to hear views regarding this issue and above approaches.

Question 1 ) Any views from companies regarding potential issue for breaking the FR2 link during testing, and the approaches listed above ?


3.
Conclusion

RAN4 is asked to endorse the following proposals.
Proposal 1) For Rx Beam Peak search, allow skipping measurements in directions where the FR2 link breaks when a predefined DL power level PDL is applied, where PDL > Refsens. The exact value of PDL can be determined in RAN5, taking into account uncertainties.
Proposal 2) X%-tile EIS spherical coverage requirement can be verified by applying a power PDL where PDL ≥ (Refsens + spherical coverage relaxation), and checking that the spherical sampling points where the T-put is met with PDL occupies ≥ X  of the whole area of the sphere.
Proposal 3) For Tx Beam Peak search, allow skipping measurement of EIRP in directions where the FR2 link breaks when a predefined DL power level PDL is applied, where PDL > Refsens. The exact value of PDL can be determined in RAN5, taking into account uncertainties and non-ideal beam correspondence.
Proposal 4) X%-tile EIRP spherical coverage requirement can be verified by applying a power PDL where PDL > (Refsens + spherical coverage relaxation) and checking if the spherical sampling points where EIRP is met with PDL occupies ≥ X  of the whole area of the sphere.
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