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1 Introduction
In the last meeting the MU values for the IAB-MT were discussed and the options captured in the WF [1].
In this paper we discuss our view on the options for MU values.
2 Discussion
Our view on each of the MU values is presented in the accompanying spreadsheet, however there are some general points given below:
1. Whilst the IAB-MT has similarities to the UE in terms of deployment it is more similar to a BS. It will be deployed by the operator and be installed alongside BS (otherwise how will it get traffic to backhaul?). It’s not clear how regulator will view IAB-MT however larger MU’s for similar measurements will be difficult to explain. As such requirements which are of particular attention to regulators (output power, unwanted emissions etc) we think should use the same MU as the BS if possible.
2. Requirements which are clearly different or have different measurement conditions between the IAB-DU and the IAB-MT are more open to using different MU values, however in many cases the BS and UE values are very similar so it seems prudent to adopt the same MU value.
Each of the TX and Rx BS types are further discussed below:
2.1 FR1 conducted TX
The differences between BS and UE in most cases are very small and not very systematic (i.e. some frequency ranges have same MU and others don’t). As such we think the BS values as presented in the WF spreadsheet should be used.
There are 2 exceptions where the IAB-MT has a distinctly different requirement to the BS
Tx dynamic range – this is discussed in a separate paper, but the requirement for IAB-DU and IAB-MT are different so the IAB-MT should use the UE MU values.
Frequency Error – again the IAB-MT requirement differs slightly to the BS/IAB-DU in that it is differential. Whilst the absolute difference in error is not so large it is better to use the UE value.
2.2 FR1 Conducted Rx
The Rx sensitivity for BS and UE only differs from 4.2 to 6GHz its not clear why its higher in this frequency range, but we think it is preferable to use the BS values. 
The majority of the Rx requirements are calculated via equation based on the Sensitivity MU and the accuracy of the interferer signals. If the BS sensitivity value are used, the interferer accuracy levels are very similar and the ACLR/Noise contribution will be similar to the BS as the levels are closer to the BS requirements. As such the BS values should also be used for the interference tests.
Finally Rx emissions should be the same as BS Rx emission’s (these differ slightly from TX emission’s, this should be maintained)
2.3 FR1 OTA	Tx
There are no FR1 OTA requirements for the UE, however they can be estimated if required by adding the effect of the OTA chamber onto the conducted values.
In this case as we have used almost all BS MU values for the FR1 conducted the FR1 OTA values are the same as the BS also.
For the 2 requirements that differ (IAB-MT dynamic range and frequency accuracy) the requirements are relative and hence the OTA chamber effect cancels out, so the conducted number can be used (this was the same case for equivalent BS requirements)
2.4	FR1 OTA RX
As with Tx there are no UE FR1 OTA requirements and also for the conducted requirements we have recommended to use the BS values, as such the FR1 OTA RX can use the BS values also.
2.4 FR2 Tx
It has been agreed that the UE test equipment should be used, however not necessarily the exact UE test setup. In the case of FR2 receiver requirements there are some significant differences in the MU values for radiated transmit power.
Looking at the UE MU budget for radiated power there are 3 large items in UE budget not in BS:
    4 Mismatch - Mismatch is not calibrated out as UE uses switched test system and allows fro larger mismatch. BS assumes most of the mismatch is calibrated out
    8 - Amplifier uncertainties - BS assumes an amplifier is required, when an amplifier is used in BS set up it is assumed that bulk of variation is calibrated out (to 0.1dB). In this case IAB-MT has similar output power and antennas gain to IAB-DU so can assume amplifier is not needed.
    10 - Random uncertainty - BS occasionally uses a random uncertainty but not in this budget.
In addition there are 3 items highlighted in yellow which are larger for the UE than for BS
    6 - RF measurement equipment is the one thing we agreed that we would use the UE values for, the UE value is 1.08dB as opposed to 0.5/0.7dB used for the BS
    3 -  QZ ripple, the UE QZ ripple is larger as it is not known where the UE antennas is exactly, in this case the IAB-MT has similar antennas to BS so BS value is correct.
    24 - calibration antennas QZ ripple, as the calibration antennas is known its not clear why this value is larger for the UE, for BS it is assumed negligible.
If the TE value is updated (as previously agreed) the BS values increase to approx. 2.6dB
For power measurement TT is added to the MU and the large power range is a sensitive topic in regulation. Whilst we accept the previous agreement about TE MU, our preference would be to keep the BS values.
The rest of the FR2 values suggested in the spreadsheet have also been updated to use the TE value from the UE budgets, in most cases this results in a overall MU slightly higher than the BS value.
For unwanted emissions the values are usually set by regulation and as such the TT=0, however a larger MU can still be seen as a relaxation so our preference would be to keep BS values, however once again we are ok to abide by the previous agreement so the adjusted values have been presented in the spreadsheet.
2.4	FR2 Rx
It has been agreed that the UE test equipment should be used, however not necessarily the exact UE test setup. In the case of FR2 receiver requirements there are some significant differences in the MU values for OTA sensitivity
	Clause
	BS Maximum Test System Uncertainty
	UE MU (or closest)

	　
	　
	　

	7.3 OTA reference sensitivity level
	±2.4 dB, 24.25 GHz < f ≤ 29.5 GHz
±2.4 dB, 37 GHz < f ≤ 43.5 GHz
	±5.19  dB (Quiet Zone size ≤ 30 cm, FR2a, FR2b)


There are a number of key contributors in the UE MU budget which make the UE budget much larger than the BS, these being the following:

	3
	Quality of Quiet Zone (NOTE 7)
	0.6
	Actual
	1
	0.6

	4
	Mismatch
	1.3
	Actual
	1
	1.3

	6
	gNB uncertainty on absolute level
	2.9
	Normal
	2
	1.45

	8
	Amplifier uncertainties
	2.1
	Normal
	2
	1.05

	23
	Quality of quiet zone for calibration process (NOTE 7)
	0.4
	Actual
	1
	0.4



The quiet zone quality is larger as it is not known where the FR2 antenna is on the body of the UR hence there is a greater uncertainty. However the IAB-MT will have an antenna configuration like the BS where the location of the radiating elements are known, as such the BS value should be used.
Both the large mismatch uncertainty and the amplifier uncertainties are due to the UE test set up where different paths are used via RF switches, as such it is harder to calibrate out the mismatch and any variation in amplifier gain. The BS test set up also uses amplifiers and has mismatch uncertainty however as the path is fixed and calibrated the contribution is much lower. AS the IAB-MT is physically similar to the BS and we are assuming that BS chambers will be required it is fair to assume similar calibration will be applied, hence the smaller BS values for mismatch and amplifier variation can be assumed.
For the UE signal source a gNB s assumed (worst case?), this has a greater MU value than the signal generator assumed for the BS testing. AS this is a bit of test equipment it falls under the previous agreement and should be accommodated. 
The increase of the TE MU from 0.8 to 1.45dB (1 sigma) increases the MU from 2.4dB (for the BS) to 3.3dB.
The other RX MU values are based on the sensitivity values, this is document in TR 38.817-02 (v15.5.0) as follows (note this seems to have not been copied into the external TR 37.941which it perhaps should have):
From the summary above, it has been agreed that MUEIS is 2.4dB and the MU for other receiver directional requirements can be calculated as follows:

	 

	
With

	

	
And

	
Substituting the variables above into the formula, the MU in FR2 for each receiver directional requirement can be calculated as shown in tables 12.4.3-3 to 12.4.3-4 below.
Applying the same calculations to the IAb-MT where the OTA sensitivity is based on the gNB, we have:
Table 12.4.3-3: MU for adjacent channel selectivity, in-band blocking, in-channel selectivity
	Test System Uncertainty
	Standard uncertainty ui (dB)
IAC+CATR

	
	BS
	IAB-MT

	MUEIS (Expanded uncertainty)
	2.4
	3.3

	MUTestEquipment (Uncertainty of the RF signal generator)
	0.9
	0.9

	MUPA (Uncertainty due to use of PA)
	0.2
	0.2

	ACLReffect (Impact of interferer leakage)
	0.4
	0.4

	Combined standard uncertainty (1σ)
	1.74
	2.08

	Expanded uncertainty (1.96σ - confidence interval of 95 %)
	3.40
	4.20



Table 12.4.3-4: MU for receiver intermodulation
	Test System Uncertainty
	Standard uncertainty ui (dB)
IAC+CATR

	
	BS
	IAB-MT

	MUEIS (Expanded uncertainty)
	2.4
	3.3

	MUTestEquipment (Uncertainty of the RF signal generator)
	0.9
	0.9

	MUCWint (CW interferer signal level error)
	0.9
	0.9

	MUPA (Uncertainty due to use of PA)
	0.2
	0.2

	ACLReffect (Impact of interferer leakage)
	0.4
	0.4

	Combined standard uncertainty (1σ)
	1.99
	2.28

	Expanded uncertainty (1.96σ - confidence interval of 95 %)
	3.90
	4.60



The MU for the receiver directional requirements are summarized in table 12.4.3-5 below.
Table 12.4.3-5: MU for receiver directional requirements
	Receiver directional requirements
	Expanded uncertainty ue (dB)
IAC+CATR

	
	BS
	IAB-MT

	Reference sensitivity
	2.4
	3.3

	In-channel selectivity
	3.4
	4.2

	Adjacent channel selectivity and in-band blocking
	3.4
	4.2

	Receiver intermodulation
	3.9
	4.6



It has been agreed that the TT for the regulatory receiver directional requirements should be zero, while the TT for other receiver directional requirements should be equal to the MU. The TT for the receiver directional requirements are summarized in table 12.4.3-6 below.
Table 12.4.3-6: TT for receiver directional requirements
	Receiver directional requirements
	Expanded uncertainty ue (dB)
IAC+CATR

	
	BS
	IAB-MT

	Reference sensitivity
	2.4
	3.3

	In-channel selectivity
	3.4
	4.2

	Adjacent channel selectivity and in-band blocking
	0
	0

	Receiver intermodulation
	0
	0



2.4.1	Out of band blocking
As with the in-band receiver requirement the out of band blocking MU is based on the OTA reference sensitivity and is given by:



With

	

	

	

	
And

	
Using the IAB-MT OTA reference sensitivity level we have:
Table 12.5.3-1: MU for out-of-band blocking
	Test System Uncertainty
	Standard uncertainty ui (dB)
IAC+CATR

	
	BS
	IAB-MT

	MUEIS (Expanded uncertainty)
	2.4
	3.3

	MUTestEquipment (Uncertainty of the RF signal generator)
	0.9
	0.9

	MUOOBint (Additional uncertainty for the OOB interferer signal)
	1.1
	1.1

	MUPA (Uncertainty due to use of PA)
	0.2
	0.2

	 Broadband noise effect (Impact of interferer broadband noise)
	0.4
	0.4

	Combined standard uncertainty (1σ)
	2.09
	2.37

	Expanded uncertainty (1.96σ - confidence interval of 95 %)
	4.10
	4.7



Summary
In this paper we have looked at each of the testing scenarios in the MU spreadsheet presented in the WF last meeting. Our view on each and the reasoning behind the values we have proposed in the spreadsheet are given.
In addition the spreadsheet has been updated and attached to this zip file, with a view to getting agreement on each of the suggested MU values.
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