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1 Introduction
An LS from MSG TFES [1] has been received with 4 questions regarding the practical testing of a new blocking requirement using a 10MHz interferer.
1) Is a 10 MHz EUTRA channel supported by current signal generators in the labs? 

2) Does a 10 MHz EUTRA interferer definition differ significantly from the current 5 MHz EUTRA interferer definition in TS36.104 clause 7.6.1.1 specifically table 7.6.1.1-2?

3) Is the measurement uncertainty for a test with -30 dBm interferer and 1 dB desens (option 1) different from the measurement uncertainty for a test with -19.5 dBm and 6 dB desens
(option 2) for a test of blocking performance?

4) Does the new requirement present a testing issue compared to existing blocking performance requirements?

This paper discusses the response to those questions.
2 Discussion
Each of the questions are discussed in order below:
1) Is a 10 MHz EUTRA channel supported by current signal generators in the labs? 

The signal generators we use for generating both wanted and interfering signals are capable of generating 10MHz E-UTRA channels, this is not seen as an issue.
This is the case as whilst 10MHz signal are not used as interferers for the blocking tests, 10MHz signals are required for transmitter testing. Hence signal generators with vector modulation capacities are capable of generating all the required channel BW’s
For example in 3GPP TS 37.141 clause 4.8.3a.1 when describing NTC3a generation we have the statement
“If 5 MHz E-UTRA carriers are not supported by the BS, the narrowest supported channel BW shall be selected instead.”
As such if the minimum channel BW supported by the BS is 10MHz then a 10MHz channel is needed. 
This is even more important in the IAB specifications (TS 38.174, TS 38.176-1) where a 5MHz channel BW is not supported and 10MHz is the lowest specified BW, in this case a 10MHz channel is always used.
As such it is necessary for test equipment to support all the specified BW’s.
An example can be seen in the specification for the Agilent N5166B CXG, which has a modulation BW of 60 to 120 MHz (depending on option) and in fact advertises its own ACLR performance using a 10MHz E-TM1.1 signal.
[image: ]
We therefore so not thing that test equipment limitations will be a problem when generating a 10MHz interference signal.
2) Does a 10 MHz EUTRA interferer definition differ significantly from the current 5 MHz EUTRA interferer definition in TS36.104 clause 7.6.1.1 specifically table 7.6.1.1-2?
The interfering signal is defined in 36.104 as follows:
[bookmark: _Toc472002499]7.6.1	General blocking requirement
The blocking characteristics is a measure of the receiver ability to receive a wanted signal at its assigned channel in the presence of an unwanted interferer, which are either a 1.4MHz, 3MHz or 5MHz E-UTRA signal for in-band blocking or a CW signal for out-of-band blocking. The interfering signal shall be an E-UTRA signal as specified in Annex C.
And
Table 7.6.1.1-2: Interfering signals for blocking performance requirement
	E-UTRA
channel BW of the lowest/highest carrier received [MHz]
	Interfering signal centre frequency minimum offset to  the lower/upper Base Station RF Bandwidth edge or sub-block edge inside a sub-block gap [MHz]
	Type of interfering signal

	1.4
	±2.1
	1.4MHz E-UTRA signal

	3
	±4.5
	3MHz E-UTRA signal

	5
	±7.5
	5MHz E-UTRA signal

	10
	±7.5
	5MHz E-UTRA signal

	15
	±7.5
	5MHz E-UTRA signal

	20
	±7.5
	5MHz E-UTRA signal



Finally annex C provides:
[bookmark: _Toc472002613]Annex C (normative): 
Characteristics of the interfering signals
For E-UTRA or E-UTRA with NB-IoT (in-band and/or guard band operation) BS, the interfering signal shall be a PUSCH containing data and reference symbols. Normal cyclic prefix is used. The data content shall be uncorrelated to the wanted signal and modulated according to clause 5 of TS36.211. Mapping of PUSCH modulation to receiver requirement are specified in table C-1.1.
Table C-1: Modulation of the interfering signal
	Receiver requirement
	Modulation

	In-channel selectivity
	16QAM

	Adjacent channel selectivity and narrow-band blocking
	QPSK

	Blocking
	QPSK

	Receiver intermodulation
	QPSK



The existing definition in annex C is also applicable for a 10MHz E-UTRA signal and the modulation process defined in clause 5 of 36.211 for a PUSCH is also applicable to 10MHz channel. As such the only change that is needed to the 3GPP definition is to table 7.6.1.1-2 where a 10MHz E-UTRA signal should be listed.

3) Is the measurement uncertainty for a test with -30 dBm interferer and 1 dB desens (option 1) different from the measurement uncertainty for a test with -19.5 dBm and 6 dB desens
(option 2) for a test of blocking performance?

The MU for the blocking requirement is given in 36.141 table 4.1.2.2-1
	7.6.5.1 Blocking (General requirements)
	In-band blocking, using modulated interferer:
±1.6 dB, f ≤ 3.0GHz
±2.0 dB, 3.0GHz < f ≤ 4.2GHz
±2.7 dB, 4.2GHz < f ≤ 6.0GHz

Out of band blocking, using CW interferer:
fwanted ≤ 3GHz
1MHz < finterferer ≤ 3 GHz: ±1.3 dB
3.0GHz < finterferer ≤ 4.2 GHz: ±1.5 dB
4.2GHz < finterferer ≤ 12.75 GHz: ±3.2 dB

3GHz < fwanted ≤ 4.2GHz:
1MHz < finterferer ≤ 3 GHz: ±1.5 dB
3.0GHz < finterferer ≤ 4.2 GHz: ±1.7 dB
4.2GHz < finterferer ≤ 12.75 GHz: ±3.3 dB

4.2GHz < fwanted ≤ 6.0GHz:
1MHz < finterferer ≤ 3 GHz: ±1.9 dB
3.0GHz < finterferer ≤ 4.2 GHz: ±2.0 dB
4.2GHz < finterferer ≤ 12.75 GHz: ±3.5 dB
	Overall system uncertainty can have these contributions:
1. Wanted signal level error
2. Interferer signal level error
3. Interferer ACLR
4. Interferer broadband noise
Items 1 and 2 are assumed to be uncorrelated so can be root sum squared to provide the ratio error of the two signals. The Interferer ACLR or Broadband noise effect is systematic, and is added aritmetically.
Test System uncertainty = [SQRT (wanted_level_error2 + interferer_level_error2)] + ACLR effect  + Broadband noise effect.
In-band blocking, using modulated interferer:
f ≤ 3.0GHz
Wanted signal level ± 0.7dB
Interferer signal level ± 1.0dB
3.0GHz < f ≤ 4.2GHz
Wanted signal level ± 1.0dB
Interferer signal level ± 1.2dB
4.2GHz < f ≤ 6.0GHz
Wanted signal level ± 1.5dB
Interferer signal level ± 1.8dB

f ≤ 6.0GHz
Interferer ACLR 0.4dB
Broadband noise not applicable
Out of band blocking, using CW interferer:
Wanted signal level:
± 0.7dB f ≤ 3.0GHz
± 1.0dB 3.0GHz < f ≤ 4.2GHz
± 1.5dB 4.2GHz < f ≤ 6.0GHz
Interferer signal level:
± 1.0dB up to 3GHz
± 1.2dB 3.0GHz < f ≤ 4.2GHz
± 3.0dB up to 12.75GHz
Interferer ACLR not applicable
Impact of interferer Broadband noise 0.1dB



The same information is provided in 37.141 and 38.141 with some minor differences
the 4.2 – 6HGHz accuracy in 36.141 is intended for unlicensed spectrum whereas in 38.141 its intended for licenced spectrum and the values are lower. This does not impact this discussion however as we are considering 1.9GHz
The uncertainty is given by:
Overall system uncertainty can have these contributions:
1. Wanted signal level error
2. Interferer signal level error
3. Interferer ACLR
4. Interferer broadband noise
Items 1 and 2 are assumed to be uncorrelated so can be root sum squared to provide the ratio error of the two signals. The Interferer ACLR or Broadband noise effect is systematic, and is added aritmetically.
Test System uncertainty = [SQRT (wanted_level_error2 + interferer_level_error2)] + ACLR effect  + Broadband noise effect.
In-band blocking, using modulated interferer:
f ≤ 3.0GHz
Wanted signal level ± 0.7dB
Interferer signal level ± 1.0dB
3.0GHz < f ≤ 4.2GHz
Wanted signal level ± 1.0dB
Interferer signal level ± 1.2dB
4.2GHz < f ≤ 6.0GHz
Wanted signal level ± 1.5dB
Interferer signal level ± 1.8dB
f ≤ 6.0GHz
Interferer ACLR 0.4dB
Broadband noise not applicable
So for 1.9GHZ we have:


As this measurement uncertainty is a combination of uncertainties from different sources it is not clear how it should be applied as a TT, however for blocking the TT=0 so this is not an issue.
The specific question is how the 2 cases listed may affect the measurement uncertainty.
MUWanted
The accuracy of the wanted signal is based on the accuracy of the signal generator and the calibration accuracy and stability the cables/attenuators/splitters etc which connect the signal generator to the receiver input. In practice the signal generator is operating at a much higher output power than the REFSENS value of course and the signal is reduced with attenuators. As such the accuracy for the signal generator will be the same whatever the eventual input power is as this can be adjusted with attenuators. The calibration of the attenuators is also the same accuracy. This can be seen in the RAN4 calculations for MU as the MU value for REFSENS and REFSENS +6dB are the same (0.7dB for f<3GHz).
For option 1 the wanted signal is REFSENS+1dB and for option 2 its REFSENS +6dB. These are both within the current range used in the RAN4 MU calculations so we can safely state that the same wanted signal MU can be assumed for option 1 and option 2.

MUInterferer
Similarly to the wanted signal the interferer signal accuracy is based on the accuracy of the signal generator and the calibration and stability of the test path. As the interfering signal is considerably larger than the wanted then a number of additional parameters need to be taken into account. In order to isolate the signal generators from each other and the BS it is necessary to use a combination of directional devices (directional couplers, circulators) and attenuators. As the wanted signal is very low this is straight forward, however for the larger interferer it can be more complex as the signal generator output is limited. It may be necessary to use amplifiers make the signal larger and filters to remove the ACLR effect of the sign gen and possibly amplifiers. Both filters and amplifiers are less stable than attenuators and cables and may introduce error after calibration. As such the MU for the interferer is larger than that for the wanted signal.
If we apply this argument to the 2 options, option 1 requires an interferer of -30dBm and option 2 requires -19.5dBm.
As discussed the larger signal is harder to generate and maintain stability as it is more likely to require amplifiers and filters. As such option 2 would present the tougher measurement challenge, it would almost certainly require an amplifier and a filter.

ACLR effect
As discussed for the interferer the ACLR of the signal generator or a potential amplifier is considered as a contributor to the MU.
In order to effect the wanted signal by 0.4dB: 

AnIP3 for the test system can then be estimated by using the common estimate:
	
So
	
For option 1
ACLR noise = -110.7dBm
Which from a -30dBm interfere would require an IP3 of approx. 78dBm
For option 2
ACLR noise = -105.7dBm
Which from a -19.5 dBm interfere would require an IP3 of approx. 89dBm
Obviously a filter could be used to reduce both these requirements if necessary, however it’s clear that option 2 presents a tougher measurement challenge. Although both 
In terms of measurement accuracy therefore option 1 is clearly the easier choice.

4) Does the new requirement present a testing issue compared to existing blocking performance requirements?

Other than the issues discussed in questions 1-3 (which indicate no significant issues) we see no other potential problems with testing.
Summary
This paper has looked at the 4 questions raised in the TP from EGG TFES on the testing of the new 1900-1910 blocking requirement.
[bookmark: _GoBack]On the issue of the 10MHz interfere we see no issue with either the capability of test equipment or with the definition of the signal based on the existing 3GPP definition.
On the issue of the measuremet uncertainty of the 2 options both optioons can meet the existing 3GPP MU target. However we show that optioon 1 offers the easier measurement challenge in meeting the ACLR effetc MU contribution.
No other pootential testing issues have been identified.
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