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Introduction
During RAN4#98bis-e, as part of the WI for introducing band n262 there was a discussion on the link budget and AWGN level for FR2 demodulation testing for the new band. It was agreed that the possibility should be introduced to reduce the AWGN level for FR2 testing, at least from Rel-17:

· Test feasibility
· RAN4 assumes OTA link budget as sufficient if AWGN_offset can be chosen. 
· Add the following note in the Tables ‘AWGN power level at the BS input’ for BS type 2-O in TS38.141-2 at least from Rel-17 specification in NR_47GHz_band WI:
Note X: The AWGN power level contains an AWGN offset of 15dB. If needed for test purposes, the AWGN level can be reduced by any value in the range 0dB to 15dB. Changing the AWGN level does not impact the validity of the test, as it reduces the effective base band SNR level.

There was also some discussion that a similar change for FR1 could be useful, although clearly for the case of FR1 the discussion and any change cannot be within the scope of the n262 WI:

· Test feasibility
· RAN4 will discuss whether to add this note also from Rel-16 TS38.141-2. This issue will be discussed in Rel-16 BS demodulation maintenance AI. 
· RAN4 will also discuss whether to add a similar note for FR1 BS, i.e., 38.141-1, 38.141-2, 37.145-1, 37.145-2 and 37.141 in the Rel-16 BS demodulation maintenance AI.  
· For FR1 BS, the AWGN level can be reduced by any value in the range 0dB to 16dB. 
FFS the applicable specification releases are from Rel-16 or from Rel-17.

This contribution reviews the motivation for the change and also discusses the appropriate release for changes.
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FR2
In FR2, there must be sufficient link budget for OTA testing. [1] outlines how, in the very worst case an RX power level of -49dBm could be needed at the BS receiver. This contribution assumes poor BS sensitivity, and in reality the needed power may be somewhat lower, but in most cases not much less than 10-15dB below that value.
In the test set-up, to achieve very high signal levels an additional PA may be needed. The test set-up can be simplified if the needed RX power is reduced.
A further consideration mentioned during the meeting is that RX power in the range needed for demodulation testing is larger than the RX blocking requirement (which is EISrefsens_50M + 33dB; e.g. -67dBm for a poor sensitivity of -100dBm). There is then a risk that the dimensioning of the RF chain will need to be based on achieving the demodulation testing rather than a realistic scenario.
The reason why the RX power level for the demodulation testing is so high is that the stimulus signal includes AWGN at 15dB above the receiver noise floor. This in turn increases the power needed for the wanted signal by 15dB (in order that the SNR is achieved).
Observation 1: The needed RX power is strongly influenced by the added AWGN
AWGN is added in order to effectively remove the RF performance and noise floor from the SNR. It is not expected that in any real world deployment scenario there would be interference at 15dB above the noise level for FR2; indeed if the link budget is difficult to meet for testing then the link budget would also not work out for real world operation.
Observation 2: The added AWGN is an artificial part of the test setup and is not related to any realistic interference scenario.
If the AWGN level used for the testing would be reduced then the needed RX power would reduce. This would avoid a difficult link budget and avoid the need for excessive dynamic range to be designed into the receiver only for the purposes of testing.
Observation 3: Reducing the AWGN level in the test would reduce the RX power level.
The total SNR at the input to the baseband is roughly speaking given by:


The SNR at the test equipment output is based only on the AWGN:

(Equations assume linear levels for clarity, not dB!)
The TE output SNR will be set according to the conformance requirement. Thus, comparing the two equations the actual SNR entering the baseband will always be lower than the conformance requirement SNR. However, if the AWGN level is 15dB above the noise then the difference will be insignificant. If the AWGN level would be reduced, then the SNR at the input to the baseband would reduce by a more significant amount.
So, if the AWGN level for the testing is reduced then the link budget and RF design may be simplified, but the margin for passing the demodulation requirements is reduced. Thus, reducing the AWGN level does not compromise the demodulation testing because any vendor that reduces the AWGN level during testing will only make it harder to meet the requirement.
Observation 4: Reducing the AWGN level makes meeting the baseband requirement more difficult. So, it does not invalidate the 3GPP conformance testing.

For these reasons, it was agreed at RAN4#98bis-e to include a note, which allows a vendor to decide to reduce the AWGN offset from the recommended level during testing:

Note X: The AWGN power level contains an AWGN offset of 15dB. If needed for test purposes, the AWGN level can be reduced by any value in the range 0dB to 15dB. Changing the AWGN level does not impact the validity of the test, as it reduces the effective base band SNR level.

It was agreed that this note would be introduced from release 17. However, the problem that is described exists from rel-15, and so in the WF it is noted that there can be a discussion whether to introduce in the release 16 specifications.
In our view, the change should be introduced at least from rel-16. 
In principle, the same issue exists from rel-15, and for consistency it would be in some sense good to introduce the change from rel-15. The change is fully backward compatible and does not invalidate any existing conformance testing. We are also of the view, though that the threshold for introducing rel-15 changes should be high, and that a change such as this should only be introduced if there is broad consensus that it is useful from release 15.
Proposal 1: Introduce the FR2 change at least from rel-16.
Proposal 2: Discuss whether it is useful and necessary to introduce the change from rel-15. Do so if there is a broad enough consensus.
FR1
In FR1, the AWGN levels are quoted in the conformance specification:

	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	15 
	5
	-86.5 - ΔOTAREFSENS dBm / 4.5 MHz

	
	10
	-83.3 - ΔOTAREFSENS dBm / 9.36 MHz

	
	20
	-80.2 - ΔOTAREFSENS dBm / 19.08 MHz

	30 
	10
	-83.6 - ΔOTAREFSENS dBm / 8.64 MHz

	
	20
	-80.4 - ΔOTAREFSENS dBm / 18.36 MHz

	
	40
	-77.2 - ΔOTAREFSENS dBm / 38.16 MHz

	
	100
	-73.1 - ΔOTAREFSENS dBm / 98.28 MHz



For conducted testing, there is clearly no link budget issue and for OTA testing for FR1, the link budget is less difficult.
The difference between the AWGN level and the in-band blocking level (which is the highest input power level expected at the receiver for RF testing) is around 30-40dB, depending on the bandwidth. It should be noted that some performance degradation is allowed during the blocking test.
The SNR for FR1 requirements can be up to 20dB. In fading channels, there is a need to allow for margin for the fading channel. Also, in some circumstances some margin may be needed to cover the dynamic range of the test equipment transmitter.
With this in mind, for the highest FR1 SNR and in particular for larger bandwidths, there is some risk that the receiver power levels for demodulation testing could become a factor driving RF receiver design. Like FR2, 20dB of interference is not expected in any real operating environment and so in such cases the design would be driven by an artificial testing need.
Similar to FR2, the AWGN level can be reduced for the test. The conformance testing would remain valid because reducing the AWGN level would make the test harder to pass from the baseband perspective, not easier to pass (but reducing the AWGN would also reduce the risk of the demodulation levels driving the RF dimensioning). 
We propose that a similar note is introduced in both the conducted and radiated conformance specifications for FR1:

Proposal 3: Introduce the following note for FR1:
Note: For an FR1 BS, the AWGN level can be reduced from the values indicated above by up to 16dB if needed for test purposes. Changing the AWGN level does not impact the validity of the test, as it reduces the effective base band SNR level.

Regarding the release, we propose that the FR1 change is introduced into the same release as the FR2 change.
Proposal 4: Introduce the FR1 change to the same release as the FR2 change.


Conclusion
Proposal 1: Introduce the FR2 change at least from rel-16:
Note X: The AWGN power level contains an AWGN offset of 15dB. If needed for test purposes, the AWGN level can be reduced by any value in the range 0dB to 15dB. Changing the AWGN level does not impact the validity of the test, as it reduces the effective base band SNR level.
Proposal 2: Discuss whether it is useful and necessary to introduce the change from rel-15. Do so if there is a broad enough consensus.
Proposal 3: Introduce the following note for FR1:
Note: For an FR1 BS, the AWGN level can be reduced from the values indicated above by up to 16dB if needed for test purposes. Changing the AWGN level does not impact the validity of the test, as it reduces the effective base band SNR level.
Proposal 4: Introduce the FR1 change to the same release as the FR2 change.
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