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Introduction
This contribution provides update and proposal on remaining issues of FR2-2 BS MU which identified by WF [1] from last meeting. 
Discussion

71 GHz extension BS conformance discussion made another great progress in previous RAN4#107 meeting. There are some remaining issues to clarify further regarding with Tx MU budget table for FR2-2 which described in WF [1]. 

This contribution proposes update on MU budget table values and related various update. Also provide some technical background on previously agreed value which is in-band TRP. 
Remaining issues
Remaining issue (remaining FFS) from WF [1] is listed below with additional note to clarify meaning of each UID.
2-c. C1-7 for in-band: (Note, C1-7 is power measurement equipment MU)
i. FFS on merging ‘C1-7’ and ‘C1-7_mixer’ rows for in-band measurement

ii. FFS on value for C1-7 and C1-7_mixer for in-band measurement of 52.6 < f < 71G [2.0 – 2.36]
iii. FFS on missing MU value for the range ‘60 < f ≤ 71 GHz’ in the ‘C1-7’ row for spurious emission measurements
4.  LNA MU

a. The need for LNA was summarized as follows:

ii. ACLR/OBUE: FFS
5. TX OFF requirement

a. the need for LNA can be discussed next meeting 

6. EVM requirement 

a. FFS on the MU number (i.e. 1% vs 1.1%)

7. ACLR requirement

a. FFS if the C1-7 and C1-8 for ACLR (and OBUE) requirements can be reduced based on calibration done separately for the wanted, and for the adjacent signals, to address the dynamic range issue. 

8. Out of band emissions requirement

a. The need to add CATR for OOB EM if FFS 

b. Possibility to reduce LNA and mixer MU contributors based on reduced temperature variation offset can be further discussed next meeting 

c. MU for 60-71GHz range is FFS

9. Inband TRP requirement

iv. MU for Switching MU agreed to be included in the CATR MU budget. MU value FFS. 

Discussion and Proposals
Listed item 2-c, C1-7 for in-band
2-c. C1-7 for in-band: (Note, C1-7 is power measurement equipment MU)
i. FFS on merging ‘C1-7’ and ‘C1-7_mixer’ rows for in-band measurement

ii. FFS on value for C1-7 and C1-7_mixer for in-band measurement of 52.6 < f < 71G [2.0 – 2.36]

iii. FFS on missing MU value for the range ‘60 < f ≤ 71 GHz’ in the ‘C1-7’ row for spurious emission measurements
About merging “C1-7” and “C1-7_mixer” for in-band measurement
For use of mixer or not, mixer has benefit for reducing cable loss etc. so that mixer should still be allowed. At the same time, we have agreed MU number for spectrum analyzer value in this frequency range as well. For ACLR/OBUE, we are OK to use spectrum analyzer number for this frequency range which is 2.0 (1 sigma) for C1-7.
With this way, there is no need to distinguish C1-7 and C1-7 mixer, however, add “mixer” in description to make it clear that use of mixer is still allowed for FR2-2.
Proposal-1a (for item 2-c-i, 2-c-ii); merge C1-7 and C-1-7_mixer then use 2.0 (1 sigma) as value. Also, add “mixer” in UID description as follows.
C1-7 RF power measurement equipment (e.g. spectrum analyzer, power meter, mixer) – low power (UEM, absolute ACLR)

About missing MU for ‘60 < f ≤ 71 GHz’ in the ‘C1-7’ row for spurious emission measurements
For this frequency range, two source of value can be referred to. Both of following has been agreed already.

· We have agreed to use value 2.0 (1 sigma) for FR2-2 spurious emission for 71 GHz and above with RC

· In UE value 2.0 (1 sigma) has been agreed for up to 80 GHz frequency (from 40.8 GHz) (TR38.903)

Proposal -1b (for item 2-c-iii); For spurious emission measurement, value for “60 < f ≤ 71 GHz C1-7” is 2.0 (1 sigma), there is already agreed number.

Listed Item 4. Necessity of LNA MU
b. The need for LNA was summarized as follows:

ii. ACLR/OBUE: FFS
It is necessary to have LNA for ACLR and OBUE measurement to make sure measurable signal level is above system noise floor for CATR. LNA with around 20 dB and more gain necessary for ACLR and OBUE. One thing to note is that it’s needed to be careful to choose LNA which max input level higher than EIRP beam direction incoming power level or add appropriate attenuator for the case of measuring EIRP beam direction.
Proposal 2 (for item 4); LNA is necessary for ACLR/OBUE measurement because of link budget with CATR chamber.
Listed Item 5. Tx Off requirement 

5. TX OFF requirement

a. the need for LNA can be discussed next meeting 
Here is re-calculate with agreed specification limit number from TS38.141-2, “-30.4 + Prated-c-EIRP – Prated-c-TRP”. 

For CATR with 1m focal point (Path loss = 69.3 dB@70 GHz) and 13 dBi measurement antenna gain, assumed 11 dB other loss (cable etc.) (from our previous contribution R4-2302266) with -73 dBm/MHz measurement equipment noise floor, shows necessary transmission antenna gain (EIRP-TRP) is 24.9 dB. Comparing this with example we have referring from TR38.808, all exceed this. 
Proposal – 3 (for item 5); no need LNA for Tx Off power measurement.
Listed Item 6. EVM requirement
6. EVM requirement 

a. FFS on the MU number (i.e. 1% vs 1.1%)
There are multiple reasons for EVM MU becomes worse in higher frequency and wider bandwidth signal.

As we explained in our tdoc [4] submit in previous meeting 

· Amplitude error increases 

· By band width comparison, 255 MHz vs 2 GHz analysis, RMS amplitude error is 0.22 dB vs 0.55 dB

· By Frequency comparison, with 2 GHz analysis BW, Frequency 26.5~43.9 GHz, 1 sig = 0.53, for 67 ~ 85 GHz 1 sig = 1.00

· Noise Floor increase, which affect SNR and Noise contribution to EVM result itself.

· With Channel BW wider, noise floor of CBW increases

· With Frequency higher, noise floor increase

Additionally, existing FR2-1 EVM number in Signal/Spectrum analyzer data sheet shows marginal number to 1.0% (defined MU for FR2-1) already, which is about 0.9% for frequency = 39GHz and 100 MHz BW.

We need to propose some increase.
Proposal - 4 (for item 6); EVM MU for FR2-2, 1.1%

Listed Item 7. ACLR requirement

a. FFS if the C1-7 and C1-8 for ACLR (and OBUE) requirements can be reduced based on calibration done separately for the wanted, and for the adjacent signals, to address the dynamic range issue. 

For ACLR and OBUE, we believe relative ACLR can use the same method as which we assumed for inband TRP (total output power) measurement to reduce MU, which is to use power sensor and relative measurement on Spectrum analyzer on each of physical point to make measurement. Please see below for background and procedure of inband TRP (total output power) measurement and relative ACLR (for reduced MU measurement).
For absolute ACLR and OBUE (and spurious emissions) measurement which has measurement bandwidth defined as requirement, can not apply this method, simply because it’s not possible to run calibration measurement on each individual measurement BW range during total frequency range for these measurement requirements. There are too many frequency points to run through calibration measurements. For example, 400 MHz BW case on absolute ACLR, it’s 2 x (both side) of 400 points in frequency (1 MHz measurement BW in 400 MHz CBW) makes 800 frequency points to calibrate. This calibration to do and save result then adjust reading on 800 points, is not practically possible. For larger CBW and OBUE and SE, even worse. Please note that there is flatness issue of amplitude level for wider frequency range. Number of calibration points can not be reduced, skipped. 
Following condition should be met to use method described here,
· Calibration purpose signal should always be available to power sensor and spectrum analyser by either switching or splitter. Calibration should always be done with each signal measurement. 
· Calibration purpose signal level needs to be in range of power sensor measurable range with good accuracy and difference from actual signal level to calibration signal level needs to be inside of the same attenuator setting (no attenuator switching) of spectrum analyzer. 

· Calibration purpose signal has the same bandwidth as of carrier bandwidth for measurement.
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Figure 1. Transmitter test (inband TRP and rel-ACLR) power measurement equipment for FR2-2 
with use of power sensor and calibration signal for spectrum analyzer

Following is calibration procedure to do relative measurement with calibration signal to actual signal (by power sensor and spectrum analyzer) on each physical point for TRP. Please note that procedure below needs to be done on each physical measurement point.

For measurement procedure 

1. Prepare calibration purpose signal which has the same signal bandwidth as channel bandwidth for measurement

2. Measure calibration purpose signal power by power sensor (signal path A to B in figure 1). Signal level should be measurable range by power sensor with good accuracy. 

3. Switch signal path to spectrum analyser then measure signal level (signal path A to D in figure 1) and calibrate reading by comparing reading from power sensor, with making sure that calibration signal level is in high end of dynamic range of analyser which doesn’t require changing attenuator level inside analyser for actual measurement in next step. 

4. Switch calibration signal to actual signal from DUT (receiver antenna) for actual measurement (signal path C to D) and measure signal level. Measured signal level should be within measurable range by analyzer with no attenuator change in analyzer from previous step.
5. For the case of relative ACLR measurement, repeat step 1 through 4 above for lower adjacent channel, target channel, and higher adjacent channel. This calibration and measurement process should be done at every physical measuring point of TRP. This is to make sure measurement accuracy from sensor can be used. Otherwise, Spectrum Analyzer accuracy should be taken.
Proposal -5a (for item 7); For inband TRP and ACLR- relative, in order to use reduced MU for power measurement equipment, calibration procedure described in this document should be used.
Proposal -5b (for item 7); For ACLR- relative, OK to use 0.98 as MU for power measurement equipment with calibration procedure described in this document.
Proposal -5c (for item 7); For ACLR- absolute, OBUE (and spurious emission), which requirement defines with measurement bandwidth, need to use spectrum analyzer MU for power measurement equipment MU. Reduced MU (with use of power sensor) as for inband TRP is not feasible for those measurement. 

Listed item 8. Out of band emissions requirement

8. Out of band emissions requirement

a. The need to add CATR for OOB EM if FFS 

b. Possibility to reduce LNA and mixer MU contributors based on reduced temperature variation offset can be further discussed next meeting 

c. MU for 60-71GHz range is FFS

With re-calculating link budget, CATR should be able to do OOB EM. For system MU value, calculation is shown in attached spreadsheet. CATR OOB SE test system MU values are 4.77 for 71 < f ≤ 110 GHz and 5.40 for 110 < f ≤ 142 GHz. These doesn’t affect test system MU value in conformance specification.






Table 1. CATR OOB EM link budget table

	Frequency
	F = 70 GHz
	F = 110 GHz
	F = 142 GHz
	Note

	Equipment noise floor (dBm/MHz)
	-73
	-55
	-62
	Including SN=10 dB

	Assumed NF increase (dB)
	5
	11
	13
	By LNA

	System Noise Floor (dBm/MHz)
	-68
	-44
	-49
	

	
	
	
	
	

	Loss (by cable or WG etc.) (dB)
	11
	12
	5
	

	Measurement Ant Gain (dB)
	13
	13
	11
	

	CATR 1m pathloss (dB)
	69.3
	73.3
	75.5
	

	LNA gain (dB)
	31
	59
	54
	

	Total Loss-Gain (dB)
	36.3
	13.3
	15.5
	

	
	
	
	
	

	Measurable signal level (dBm/MHz)
	-31.7
	-29.7
	-33.5
	(System NF) + (Total Loss)



Proposal -6a (for item 8a); CATR should be capable for OOB EM. 

Regarding with LNA and Mixer number, for the case of mixer number, because it is OK to use C1-7 for SA, (value is 2.0 (1 sigma) and 2.3 (1 sigma) for SE), there is no need to have discussion on mixer number (use of mixer should still be allowed).
For LNA, it is difficult to make reasonable assumption on LNA device temperature change variation even air in chamber has better cooling facility for BS test chamber. It’s not practical to measure LNA device surface temperature then control air flow. So that it is still reasonable to assume some level of temperature variation. With having high heat source (DUT) and highly capable cooling, there could be some range of variation especially on LNA device. However, this must be case by case, and we just can not assume best in the best case. We would propose the same value as we previously proposed which is already very reduced from previously discussed number. 

Proposal -6b (for item 8b); For OOB EM total system MU calculation, use SA number which used in RC chamber for consistency which agreed in previous meeting, so that no discussion needed for mixer value. For LNA, we propose to use the same value as we previously discussed.
For frequency range 60 – 71G, use C1-7 value discussed and proposed (2.0 as 1 sigma number) in previous section of this document. Please refer to budget table in spread sheet for detail.

Proposal -6c (for item 8c); Total test system MU for 60-71 GHz range for OOB EM is 4.48 with using C1-7 UID value

Listed item 9, Switching MU value for CATR inband TRP measurement

9. Inband TRP requirement

v. MU for Switching MU agreed to be included in the CATR MU budget. MU value FFS. 

For CATR inband MU, calibration uses switching between signal from DUT and signal for reference purpose. This switching necessary to do on every measurement point to use sensor based MU. So that Switching MU is necessary.

Regarding with switching MU value, propose to use existing number which already agreed. It’s not realistic to lower number to use. 

Proposal -7 (for item 9): Use already agreed value for frequency range of 40G~60G for f ~ 71 GHz, 0.25 (1-sigma)

Summary

Here is summary of TE related values for in-band measurement (some of agreed value in RAN4#106 is also listed)
Table 2. For in-band measurement (all values listed are 1 sigma number )

	UID
	Uncertainty source
	Standard uncertainty
σ (dB) 
57 < f ≤ 71 GHz
	Note

	C1-3
	Uncertainty of the Network Analyzer
	0.85
	Confirmed to use this value for network analyzer

	C1-7
	Uncertainty of the RF power measurement equipment (spectrum analyzer, power meter, mixer) – low power (UEM, absolute ACLR) 
	2.0
	Spectrum Analyzer for FR2-2 frequency range, confirm previously proposed value 2.0

	C1-9
	Uncertainty of the RF power measurement equipment standard uncertainty σ (dB) of the absolute level for a time domain wideband measurement for FR2
	2.61
	RSS of, IF Tx off power MU = 1.25, mixer, IF mismatch = 0.41

IF Tx off power MU is taken from FR2-1 off power MU value for frequency range in 24~29G = 1.25 

	C1-10
	Uncertainty of the RF power mearement equipment (power meter, power sensor) – high power (EIRP)
	0.98
	Use power meter, power sensor as for power measurement equipment, but no other equipment such as spectrum analyzer.

	
	
	
	

	A2-11
	Switching uncertainty
	0.25
	Same value as for 40 GHz < f ≤ 60 GHz

	A2-19
	Uncertainty of the LNA (FR2 only)
	0.34 
	Same value as previously proposed

	
	
	
	

	EVM
	OTA modulation quality
	1.1%
	Same proposal as previously proposed value


For out of band measurement

Table 3. For out of band measurement (all values listed are 1 sigma number )

	UID
	Uncertainty source
	Standard uncertainty
σ (dB)
	Note

	
	
	71 < f ≤ 110 GHz for Unwanted Emission
	110 < f ≤ 142 GHz for Unwanted Emission
	

	C1-3
	Uncertainty of the Network Analyzer
	0.80
	1.00
	Confirmed 

	C1-7
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter)
	2.0

	2.3


	Confirmed 

	
	
	
	
	

	A2-19
	Uncertainty of the LNA (FR2 only)
	0.51
	0.51
	same value proposed for LNA


MU calculation for test system MU

Spreadsheet attached to WF [1] (which originally from TR37.941) is modified and used for calculation. Modified spreadsheet for Tx test is attached to this contribution. Modified column (values, comment) are coloured by orange. 

Here is total MU values. (Values agreed and confirmed in the last meeting also listed)
Table 4. For 71 GHz extension, Tx test system MU confirmed and proposal

	Proposed Test system MU

 From CATR Tx MU calculation
	52.6 < f ≤ 71.0 GHz
	Note

	EIRP - Normal conditions
	3.0
	Confirmed already

	EIRP - Extreme conditions
	3.9
	Confirmed already

	Power dynamics
	0.4
	Confirmed already

	EVM (%)
	1.1
	Propose 1.1% rather [1.0]%

	Tx OFF
	5.6
	Propose to confirm value 5.6

	In-band TRP
	3.2
	Confirmed

	ACLR – absolute
	4.8
	Propose new value 4.8 rather [5.3]

	ACLR- relative
	5.1
	Propose new value 5.1 rather [5.2]

	OBUE
	4.8
	Propose new value 4.8 rather [5.3]

	OOB SE 60 < f ≤ 71 GHz
	4.7
	Confirm to remove []

	OOB SE 71 < f ≤ 110 GHz
	5.3
	Confirm 5.3 from last meeting

	OOB SE 110 < f ≤ 142 GHz
	5.9
	Confirm 5.9 from last meeting


Proposal

Proposals
· Proposal-1a (for item 2-c-i, 2-c-ii); merge C1-7 and C-1-7_mixer then use 2.0 (1 sigma) as value. Also, add “mixer” in UID description as follows.

· C1-7 RF power measurement equipment (e.g. spectrum analyzer, power meter, mixer) – low power (UEM, absolute ACLR)

· Proposal -1b (for item 2-c-iii); For spurious emission measurement, value for “60 < f ≤ 71 GHz C1-7” is 2.0 (1 sigma), there is already agreed number.

· Proposal -1b (for item 2-c); For spurious emission measurement, value for “C1-7” is 2.0, there is already agreed number.

· Proposal - 2 (for item 4); LNA is necessary for ACLR/OBUE measurement because of link budget analysis with CATR chamber. 
· Proposal –3 (for item 5); there is no need of LNA for Tx Off power measurement.
· Proposal -4 (for item 6); EVM MU for FR2-2, 1.1%

· Proposal -5a (for item 7); For inband TRP and ACLR- relative, in order to use reduced MU for power measurement equipment, calibration procedure described in this document should be used.

· Proposal -5b (for item 7); For ACLR- relative, OK to use 0.98 as MU for power measurement equipment with calibration procedure described in this document.

· Proposal -5c (for item 7); For ACLR- absolute, OBUE (and spurious emission), which requirement defines with measurement bandwidth, need to use spectrum analyzer MU for power measurement equipment MU. Reduced MU (with use of power sensor) as for inband TRP is not feasible for those measurement.
· Proposal -6a (for item 8a); CATR should be capable for OOB EM.
· Proposal -6b (for item 8b); For OOB EM total system MU calculation, use SA number which used in RC chamber for consistency which agreed in previous meeting, so that no discussion needed for mixer value. For LNA, we propose to use the same value as we previously discussed.

· Proposal -6c (for item 8c); total test system MU for 60-71 GHz range for OOB EM is 4.7 with using C1-7 UID value
· Proposal -7 (for item 9): Use already agreed value for frequency range of 40G~60G for f ~ 71 GHz, 0.25 (1-sigma) for switching MU
· Proposal-8, for overall test system MU values, agree with numbers in Table 4 above
Updated FR2 Tx MU sheet attached which is based on previous meeting result [2]
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