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1.
Introduction
This document discusses the default downlink power level FR2 which is still pending in 38.508-1 (or 38.521-2, 38.521-3).
2.
Discussion

2.1 General Discussion

Required measurement in the TRx tests can be classified as followings:

i) TRP

ii) Tx beam peak search/EIRP CDF

iii) Measurement at tx beam peak

iv) Rx beam peak search 

v) Measurement at rx beam peak

i), ii), iv) are spherical measurements. With these 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 in RAN4 like [1], it is indicated that 40dB dynamic range for EIS CDF can be possible.  The analysis in [4] gives that the possible maximum DL power will be at least 33.4dB lower @ 40GHz from Max Input Level of -25dBm(for QPSK). The margin from the maximum REFSESNS(-76.7dBm/400MHz@n260@PC3) is -25 - 33.4 - (-76.7) = 18.3dB. 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 [1]
Observation 1) Even if the UE beam is not locked(i.e. UE tracks the DL signal from the SS and form the beam towards it) there is a possibility that the connection will be broken up for TRP/Tx Beam Peak Search/EIRP CDF measurement with single probe antenna. Careful consideration for the DL power level is required.

iii), v) are the measurement at the identified beam peak. Once the beam peak is identified, the downlink level can be determined from the same method as conducted (LTE), which is the moderate level between REFSESN and max input level. However, we need to consider the maximum possible downlink level anyway for the downlink power level.

Observation 2) For tx/rx beam peak measurement, DL power level can be considered from the same way as of LTE.(Moderate level between REFSEN and Max Input Level) but with the consideration of maximum possible downlink power from the test system.
2.2 Downlink power level for the measurements at tx/rx beam peak
In LTE, we applied -85dbm/15kHz, which was the moderate level between REFSENS and Max Input Level. In FR2, the maximum possible power level is analyzed as 33.4dB below the Max Input Level in [4] and which is corresponding to -89.9dBm/15kHz( -25dBm/400MHz –33.4dB = -58.4dBm/400MHz = -102.7dBm/15kHz) . As this value is already less than the -85dBm/15kHz, it is reasonable that we will apply the maximum possible downlink power level for the downlink power level anyway. Max Input Level – 35dB ( -25dBm/400MHz – 35dB = -60dBm/400Mhz ~ -105dBm/15kHz) will be the decent level for the default downlink level. Note that this level has the 16dB margin from the biggest EIS (-76.7dBm/400MHz@n260=-121.0dBm/15kHz, 105dBm/15kHz  - (-121.0dBm/15khz) = 16dB ). It is still enough for keeping the connection even with the EIS MU +/-[6.7]dB in TR 38.810 is taken care. As the test limit issue for max input level is not yet finalized it is proposed to adopt -105dBm/15kHz with []。
Proposal 1) For the measurement at the tx beam peak, adopt [-105dBm/15kHz] as a default downlink power level. Reference point is the center of quiet zone.
2.3 Downlink power level for spherical measurement 
As written in Observation 1, single probe antenna would not enough for keeping the connection during spherical measurement. 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 the increased MU and TT. Also, it could not be guaranteed that additional FR2 link antennas would be in directions where the UE had coverage. 
Observation 3) Additional FR2 link requires much cost / increase of complexity for the TE implementation and also cause increased MU and TT, without guaranteeing coverage. 
In the sections below, considerations for downlink power level are given for each Rx beam peak search, tx beam peak search and TRP measurement.
2.3.1 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 beam forming is required then switching the FR2 link antenna during the searching is in principle not possible. Hence, the Rx beam peak search procedure needs to consider the possibility that FR2 connection would be broken up(even with the maximum possible DL power from the test system) (e.g. Skip the measurement of EIS at which link cannot be kept)

Observation 4) For Rx beam peak search and EIS spherical coverage measurement procedure, the procedure needs to take the possibility of FR2 link disconnection into account.
As the beam peak search procedure is being discussed in RAN4, RAN4 can(needs to) consider this in the consideration. Note that Anritsu submitted the related document [3] in RAN4 meeting this week.
Whether we need to specify DL level during the beam peak search procedure depends on the RAN4 conclusion on the Rx beam peak search procedure. We just need to wait and see the RAN4’s discussion.
2.3.2 Tx Beam Peak Search and EIRP CDF 
Same as Rx beam peak search, measurement will be carried out without locking the beam during Tx Beam Peak search and EIRP CDF measurement. Hence it is impossible to switch the FR2 link to different one during the measurement. This means that it is not possible to measure the EIRP at the UE orientation(s) where the FR2 link cannot be kept. Hence, the Tx beam peak search procedure needs to consider the possibility that FR2 connection would be broken up.
Observation 5) For Tx beam peak search and EIRP spherical coverage measurement procedure, the procedure needs to take the possibility of link disconnection into account.

It is considered that the Rx beam peak and 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 with PDL > REFSENS would not cause an issue in practical. 
 [-105dBm/15kHz], which is the same value as proposed for the measurement at Rx/Tx beam peak, is proposed for PDL . This has the enough margin from maximum REFSENS even if EIS MU +/-[6.7]dB is taken care and would be enough for absorb the effect from no-ideal beam correspondence.
Proposal 2) For Tx Beam Peak search, allow skipping measurement of EIRP at the points where the FR2 connection breaks up with PDL = [-105dBm/15kHz] at the center of quiet zone. 
The MU associating with tx beam peak search is 0.5dB, and was derived from the relation of the beam directivity and the sparseness (denseness) of the sampling points. The evaluation for the impact for 0.5dB MU will be required when proposal 2 apply.
Observation 6) The evaluation for the impact to the MU associated with tx beam peak search (0.5dB) is required when proposal 2 apply.
For EIRP CDF, more careful discussion will be required.  Theoretically, for the purpose of judging whether X %-ile CDF EIRP meets the requirement, the EIRP data less than X%-ile value is not required as long as all the EIRP data greater 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 assuming the Tx and Rx spherical coverage has same %-tile requirement and the ideal beam correspondence. 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. The discussion is raised in [3] in RAN4 this week. RAN5 can wait and see the outcome from RAN4 for a while.
2.3.3 TRP measurement 
For TRP measurement, different from Rx beam peak search, Tx beam peak search procedure, the measurement will be done by locking the Tx beam. Hence, we can switch the FR2 link during the measurement. For Tx tests, the downlink level accuracy is thought to not so important compared to rx tests. So, considering test system cost, complexity, measurement time(calibration time), etc…, it is the reasonable choice to allow the no-calibrated but RSRP based pathloss compensation link. 
Observation 7) 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 needs additional FR2 link antenna. Such link antenna can also be the one with non-calibrated but RSRP based pathloss compensated.

Observation 8) For spurious tests, at least one additional link antenna with non-calibrated(but RSRP based compensated) will be required as the calibrated link antenna is replaced with the another antenna for measuring spurious frequencies.

Considering above, downlink power level for TRP measurement should be specified based on the FR2 link with RSRP based pathloss compensation.
We can consider the concrete DL power level for RSRP-based compensated link.
Max EIS  is -76.7 dBm/400MHz@n260=-121.0dBm/15kHz and we can add the safety factor 5dB then we obtain -116dBm/15kHz. This value is defined at the center of QZ, then we need some more calculation to convert it to the power level at the RSRP reference point(UE’s antenna connector or base band). In RAN4’s demodulation discussion, following UE parameters are used during the link budget analysis, then we can utilize these values as well. 
Table B.3.1.5.1-1: Assumed UE parameters

	
	24GHz
	43GHz
	

	UE Antenna Gain (G_UE)
	7
	8
	dBi

	UE Noise Figure (F_UE) 
	10
	12
	dB

	UE Implementation loss (IL_UE)
	-10
	-11
	dB

	Nktb
	-174
	-174
	dBm/Hz


According to this table, power level at RSRP reference point can be 3dB(7-10) lower than the EIS value. Hence, -116dBm/15kHz - 3dB = -119dBm/15kHz  at RSRP reference point would cater for keeping the stable FR2 connection.
Proposal 3) Specify the DL power for TRP measurement as ≥ -119dBm/15kHz at RSRP reference point
Though the power level can be defined like above with the assumption that TE can cater for power level for full-sphere, it is still unclear how many of FR2 link antenna is required in the chamber, as the UE’s antenna pattern depends on UE’s implementation. Also, even if we put multiple FR2 link antennas it could not be guaranteed that additional FR2 link antennas would be in directions where the UE had coverage. Considering the test system cost and complexity, increased MU, 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

Following observations are made.

Observation 1) Even if the UE beam is not locked(i.e. UE tracks the DL signal from the SS and form the beam towards it) there is a possibility that the connection will be broken up for TRP/Tx Beam Peak Search/EIRP CDF measurement with single probe antenna. Careful consideration for the DL power level is required.

Observation 2) For tx/rx beam peak measurement, DL power level can be considered from the same way as of LTE.(Moderate level between REFSEN and Max Input Level) but with the consideration of maximum possible downlink power from the test system.
Observation 3) Additional FR2 link requires much cost / increase of complexity for the TE implementation and also cause increased MU and TT, without guaranteeing coverage. 
Observation 4) For Rx beam peak search and EIS spherical coverage measurement procedure, the procedure needs to take the possibility of FR2 link disconnection into account.
Observation 5) For Tx beam peak search and EIRP spherical coverage measurement procedure, the procedure needs to take the possibility of link disconnection into account.
Observation 6) The evaluation for the impact to the MU associated with tx beam peak search (0.5dB) is required when proposal 2 apply.

Observation 7) For Tx test cases, DL accuracy is not critical, so non-calibrated DL power level (RSRP based compensation) is adequate.
Observation 8) For spurious tests, at least one additional link antenna with non-calibrated(but RSRP based compensated) will be required as the calibrated link antenna is replaced with the another antenna for measuring spurious frequencies.

RAN5 is asked to endorse following proposals.

Proposal 1) For the measurement at the tx beam peak , adopt [-105dBm/15kHz] as a default downlink power level. Reference point is the center of quiet zone.
Proposal 2) For Tx Beam Peak search, allow skipping measurement of EIRP at the point where the FR2 connection breaks up with PDL = [-105dBm/15kHz] at the center of quiet zone. 
Proposal 3) Specify the DL power for TRP measurement as ≥ -119dBm/15kHz at RSRP reference point


4.
References

[1] R4-1810065, “On EIS Spherical Coverage for FR2 UEs”, RAN4#88, Apple Inc.
[2] R5-184425, “Testability issue of maximum input level and ACS (case 2) in FR2”, RAN5#80, Anritsu

[3] R4-1812116, “Discussion on the test procedure for FR2 spherical measurement”, RAN4#88bis, Anritsu
[4] R5-185805, “Testability issue of maximum input level and ACS (case 2) in FR2 (2)”, RAN5 NR#3 AdHoc, Anritsu
Page 1

