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Introduction
In the last RAN4 meeting the “[98-bis-e][320] NR_R17_SpectrumWI_Demod_NWM” session has discussed [1] the BS demod testability and link budget for the 47GHz band.
Ultimately it was decided to assure testability by allowing the reduction of the AWGN power level in FR2 OTA testing via the inclusion of the following note [2] from Rel-17 onwards:
	· 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.



Furthermore, it was found that similar notes might also be of use to bring absolute test signal levels closer to practical and testable ranges in FR1 OTA and conducted testing:
	· 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. 



In this contribution we want to bring the BS demodulation testability, signal level, and link budget problematics to a wider audience, with the goal of obtaining support to include similar notes to specifications starting from Rel-15.


Discussion

FR2 absolute power levels in testing and practical deployment
The FR2 OTA link budget presented in [4] has made an effort to calculate the absolute signal power levels at the RIB of the device under test:
	At the RIB (i.e. BS antenna array), if a reference sensitivity of -100dBm in 50MHz is assumed then according to 38.141-2, the AWGN level at the RIB should be -79dBm. For the wanted signal, a margin of 10dB for the fading channel is assumed and an SNR of 20dB. Thus the wanted signal power should be -79dBm AWGN + 20dB SNR + 10dB margin for fading channel = -49dBm.



We have some observation and proposals on how this calculation can be aligned with more recent developments in RAN4 and RAN5.
First, we define the worst-case scenario (from a high RIB power pov):
· Max CBW: 200MHz.
The wide area BS reference receive sensitivity (EIS_REFSENS_50M) is set by RAN4 to be between -96 and -119dBm in FR2; we will choose the mid-point (-107dBm) in the following.
We note that the refsense value includes the BS antenna gain and noise figure.
Using EIS_REFSENS_50M we can find the (worst case of 200MHz CBW) RIB noise power level to be [5][6][7]:
AWGN_power_level = EISREFSENS_50M + 3 + 3.0 + ΔFR2_REFSENS + 15 dB / 190.08 MHz 
	= -107 dBm + 6dB - 3dB + 15dB / 190.08 MHz
	= -89dBm / 190.08 MHz.
We note that the 15dB margin above, is commonly called the “AWGN_offset”, ΔFR2_REFSENS = -3dB, and the 6dB adapt 50MHz BS to 200MHz CBW.
Our AWGN_power_level is 10dB lower than the one given in [4], presumably due to having used a different refsense value.
The AWGN_offset of 15dB is used to decouple the “BB noise floor” from the “RF noise floor”. The AWGN_offset factor is deciding how much the RF AWGN increases the effectively required BB SNR to pass performance testing.
The factor, given by summation of uncorrelated noise sources, is 10*log(10^0+10^(AWGN_offset_dB/10)) - 10*log(10^(AWGN_offset_dB/10)), i.e.,
[bookmark: _Ref71147897]Table 1: AWGN offset vs. SNR_BB degradation.
	AWGN_offset_dB
	SNR_BB degradation

	0dB
	3dB

	10dB
	0.4dB

	15dB
	0.1dB



For now, we continue with the Rel-15 assumption of max 20dB SNR testability in FR2.
In [4] a fading margin was included to account for potential signal power boosting due to the chosen fading channel in the test. We agree with having a fading margin, but the PAPR increase on instantaneous signal power should also be considered.
RAN5 has recently discussed to consider signal PAPR and fading PAPR in one single CREST factor value in FR2 (which reduces the margin, when compared to summing separate values [8][9][10][11]. The margin for the channel models, present in FR2 UE demod, was proposed to be 17.71dB (for a defined low clipping probability that is far below our BLER limits).
	Proposal 2: Use 17.71 dB as the overall backoff for maximum testable SNR calculation instead of separately considering signal and fading PAPR. This would be the current working assumption. Further optimization is possible by considering a higher probability of saturation of faded signal.


We note here that RAN5 has not identified link budget issues for FR1.
Combining all the above, we calculate the (worst-case) observed absolute OTA RIB power level at the DUT, as
P_test_RIB = AWGN_power_level (with 15dB offset) + SNR_max + fading and PAPR margin
	= - 89dBm + 20dB + 18dB
	= - 51dBm
The absolute power level at the FR2 OTA RIB of the DUT, during RAN4 demodulation testing, reaches ‑51dBm (200MHz CBW with 20dB SNR).

Next, we want to compare the absolute power levels at the RIB with values observed in practical deployments.
Assuming no power control at the UE, i.e.,
UE Tx power (EIRP)
	max: 25dBm (min peak PC3 + margin); 
	typ: 12dBm (spherical coverage PC3).
FSPL
	10m@47GHz: 85.8dB
hence, we would expect a P_noPC_RIB of between -73.8dBm and -60dBm in the very worst case of 10m distance.
Being more realistic, and taking power control at the UE into account (which removes the distance dependency), i.e.,
Power control SNR target: 23dB.
EIS_SENS_200MHz: -107dBm + 6dB - 3dB = -104dBm
We would expect a P_PC_RIB of -81dBm.

Hence, we observe that the power levels occurring in practical deployments are far below what is required in BS demod testing; -81dBm/-73dBm/-60dBm in practice versus -51dBm in BS demod testing.
Furthermore, even the maximum in-band blocker absolute power levels, that were ultimately agreed in NR_IAB (which can be seen as indicative or similar to non-power-controlled UE levels), do stay far from the absolute levels required in demodulation testing [12]:
Table 2: gNB in-band blocking test numbers (for comparison in IAB discussion).
	BS class
	Maximum in-band blocker level [dBm]
	Minimum in-band blocker level [dBm]

	Wide area
	-63
	-89

	Medium range
	-58
	-84

	Local area
	-53
	-79



The absolute power levels required in RAN4 FR2 demodulation performance testing at the RIB of the BS, are far above the power levels observed in practical deployments. -81dBm/-73dBm/-60dBm in practice versus ‑51dBm in BS demod testing.
BS receivers designed to pass the test without saturation/clipping are forced to make design choices that can reduce receiver performance in practical deployments.


Impact of AWGN_offset on test validity
Following the derivations in the previous section, it is our understanding that reducing the AWGN_offset strictly makes the tests harder to pass (up to 3dB increased effective SNR_BB). As such, we should not enforce testing with any offset value greater than 0dB; it only makes testing easier.
However, by allowing each company to reduce the offset to a value they deem justifiable (between 0 and 15dB), any company has the opportunity to reduce the required absolute signal power levels at the RIB under the worst case levels observed in deployment.
As such we would like to introduce a note in the “AWGN power level at the BS input” tables of the test specification, which allows to choose the AWGN_offset between 0 and 15dB.
However, the AWGN_offset reduction should not be used for low SNR_BB test cases due to interworking with the DUT RF noise levels; the choice should be left up to the test engineer on a per test case basis.

BS demod testing with current performance requirements remains valid with decreased AWGN_offset; the tests become harder to pass as captured in Table 1.


Rel-15 AWGN power levels
In the prior sections we made certain statements on how the Rel-15 AWGN power levels were derived in the first place (e.g., the FR2 levels including a 15dB AWGN_offset). 
We note at this point that those power levels were changed w.r.t. LTE in NR Rel-15 following a proposal from Nokia  for both BS type 2-O and BS type 1-O (see [6] section 2.6 proposal 7, and [7]), which was ultimately extend to cover BS types 1-C/H as well.
To derive the BS type 1-O AWGN power levels we followed the LTE method, which can be summarized as “wide are dynamic range test AWGN level - 4dB”.
However the method was adapted to also cover other SCSs than 15kHz.
Hence in more detail:
”kTB noise floor of actually used BW” + ”5dB NF in FR1” + ”20 dB noise rise” - ”4dB backoff”.

FR2 AWGN_offset values used in FR2 are 15dB, while FR1 AWGN_offset values used in FR1 are (20dB-4dB=)16dB.
This observation is important as it changes the proposed notes between FR1 and FR2 in the following.


Proposal on how to reduce test signal levels
Following the preceding analysis, we see that BS demodulation testing has
· Test feasibility issues with respect to link budget for type 2 BSs.
· Test validity issues with respect to absolute signal power levels for type 1 and 2 BSs.
We note that RAN4 RF testing generally does not share these issues, as no AWGN_offset is considered, in most cases.
The WI NR_47GHz_band has already concurred to these issues in FR2 “high bands” and has added the following note to all Rel-17 FR2 conformance testing specifications [2]:
	· 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.



The corresponding CRs [13] are submitted for approval in this meeting.

Hence, we propose in this tdoc to agree the addition of similar notes for both type 1 and type 2 BS starting from Rel-15 specification:
RAN4 to introduce the following note for type 2 BS AWGN power level tables in test specifications: “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.”
RAN4 to introduce the following note for type 1 BS AWGN power level tables in test specifications: “Note X: If needed for test purposes, the AWGN level can be reduced by any value in the range 0dB to 16dB. Changing the AWGN level does not impact the validity of the test.”

As a final note, we observe that it is not helpful to declare the used AWGN_offset value in the manufacturer declarations, as is would need to be declared on per-test case basis.



Conclusion
In this contribution we have discussed the issues of test feasibility and test validity due to required extreme test signal levels in BS demodulation testing.
We have made the following observations and proposals:

FR2 absolute power levels in testing and practical deployment
1. The absolute power level at the FR2 OTA RIB of the DUT, during RAN4 demodulation testing, reaches ‑51dBm (200MHz CBW with 20dB SNR).
The absolute power levels required in RAN4 FR2 demodulation performance testing at the RIB of the BS, are far above the power levels observed in practical deployments. -81dBm/-73dBm/-60dBm in practice versus ‑51dBm in BS demod testing.
BS receivers designed to pass the test without saturation/clipping are forced to make design choices that can reduce receiver performance in practical deployments.

Impact of AWGN_offset on test validity
BS demod testing with current performance requirements remains valid with decreased AWGN_offset; the tests become harder to pass as captured in Table 1.

Rel-15 AWGN power levels
FR2 AWGN_offset values used in FR2 are 15dB, while FR1 AWGN_offset values used in FR1 are (20dB-4dB=)16dB.

Proposal on how to reduce test signal levels
1. RAN4 to introduce the following note for type 2 BS AWGN power level tables in test specifications: “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.”
RAN4 to introduce the following note for type 1 BS AWGN power level tables in test specifications: “Note X: If needed for test purposes, the AWGN level can be reduced by any value in the range 0dB to 16dB. Changing the AWGN level does not impact the validity of the test.”
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