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Introduction
The WF in RAN4#98e [1] along with the email summary [2] indicate that there are three main issues that still require discussion:
· Applicability of current FR2 requirements to 47GHz.
· Test feasibility with respect to link budget.
· Test validity with respect to absolute power levels.
Or as captured in [2]:
	· Requirements applicability
· The baseline assumption is the existing BS requirements are applicable up to 52.6GHz
· Companies can bring more analysis to further check whether above assumption is valid or not
· Test feasibility
· Companies are encouraged to bring more analysis for link-budget issue and absolute power level in receiver side to ensure 47GHz performance requirements testability 
· Update of BS demodulation requirements in TS38.141-2
· No updates on ΔOTAREFSENS, EISREFSENS_50M and ΔFR2_REFSENS, are expected for n262
· MU and TT may need to be updated according to the conclusion in RF session 



In this contribution we will express our views on the captured open issues.


Discussion

Applicability of current FR2 requirements to 47GHz
In Rel-15, BS demodulation requirements were defined for FR2 without limitation, i.e., they were assumed to be valid for up to 52.6 GHz. Contrary to this, UE demodulation requirements were defined for FR2 under the limitation of FDL_high not exceeding 40 GHz as captured in TS 38.101-4.
BS demodulation simulation alignment for FR2 was carried out at 30GHz carrier frequency [3].
Higher carrier frequencies increase pathloss, but do not significantly impact the performance of the demodulation performance, given equal SNR at the demodulator input. This is assuming that correlation effects etc. of the propagation channel do not meaningfully change between the considered carrier frequencies. 
SNR values for demodulation performance are defined at the demodulator input branches for demodulation minimum performance requirements.
Hence, no difference in demodulation performance is expected when changing from 30/40GHz to 47GHz.
An explorative simulation study, covering a subset of Rel-15 PUSCH 1T2R requirements, agrees with this expectation; maximum observed difference between 30GHz and 47GHz is <0.1dB:
Table 1: PUSCH 1T2R, 30GHz vs. 47GHz.
	  PUSCH 1T2R
	SNR Ideal 30GHz
	SNR Ideal 47GHz 

	CP-OFDM
	FR2 with PTRS
	120kHz, 100MHz
	MCS16
	TDLA30-300 
	DMRS 1
	7,77
	7,79

	
	
	
	
	
	DMRS 1+1
	7,66
	7,65

	
	
	
	MCS20
	TDLA30-75 
	DMRS 1
	10,21
	10,21

	
	
	
	
	
	DMRS 1+1
	10,32
	10,31

	
	FR2 without PTRS
	60kHz, 100MHz
	MCS2
	TDLA30-300 
	DMRS 1
	-4,97
	-4,98

	
	
	
	
	
	DMRS 1+1
	-5,07
	-5,08

	
	
	
	MCS16
	TDLA30-300 
	DMRS 1
	8,44
	8,44

	
	
	
	
	
	DMRS 1+1
	7,63
	7,62

	
	
	
	MCS20
	TDLA30-75 
	DMRS 1
	10,17
	10,16

	
	
	
	
	
	DMRS 1+1
	10,06
	10,06

	
	
	120kHz, 100MHz
	MCS2
	TDLA30-300 
	DMRS 1
	-5,51
	-5,51

	
	
	
	
	
	DMRS 1+1
	-5,45
	-5,45

	
	
	
	MCS16
	TDLA30-300 
	DMRS 1
	7,22
	7,21

	
	
	
	
	
	DMRS 1+1
	7,08
	7,09

	
	
	
	MCS20
	TDLA30-75 
	DMRS 1
	9,69
	9,68

	
	
	
	
	
	DMRS 1+1
	9,79
	9,79



Hence, we propose:
Existing demodulation minimum performance requirements are reusable for 47GHz band; the baseline assumption can remain unchallenged.


Test validity with respect to absolute power levels
The 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.,
Table 2: PUSCH 1T2R, 30GHz vs. 47GHz.
	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.



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 OTA RIB power level at 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 3: 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 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 reduce receiver performance in practical deployments.
RAN4 to discuss ways to reduce the absolute power levels at the RIB required during BS demodulation testing.
In the following we will present proposals on how an alignment between test and deployment can be achieved.


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.
RAN4 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. The level can be reduced on a per test case basis.

It is currently not clear if it is helpful to declare the used AWGN_offset value in the manufacturer declarations, and it’s difficult to declare on per-test case basis.



Test feasibility with respect to link budget
In the last meeting, one company has provided a TP [4], detailing a possible test setup that may permit a link budget allowing testability of SNR levels up to 20dB in BS demodulation.
The test setup proposed in [4] notably features a power amplifier (PA) following the signal generator (and its preamplifier) to achieve sufficient signal levels at the output of the test antenna, and hence the air interface of the DUT:
	[image: A picture containing screenshot
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Figure 1: BS test setup [4].

In a first step, we would like to verify that it is common understanding between the contributing entities and TE vendors that a power amplifier is to be used between the signal generator output and test antenna input (or that such a power amplifier is integrated in the TE).
We note that current radiated test set ups in T 38.141-2, feature such an (optional) PA:
	[image: ]



Figure 1: Measurement set up for single TX, single demodulation branch radiated performance requirements in TS 38.141‑2, Appendix E.3.

RAN4 to solicit input from the TE vendors and contributors that run BS demodulation performance tests on the current and/or possible future presence of a power amplifier between the signal generator and test antenna.
Feedback from the TE vendors concerning achievable output power levels of their products and potential “intermediate” amplifier could solve the link budget discussion in a most efficient manner.

In a next step we want to comment on the link budget presented in [4].
In the previous section we already gave our opinion and proposed changes concerning the absolute power level. Unsurprisingly, these changes would also reduce issues with the link budget.
To repeat from before:
· Worst case is 200MHz CBW.
· PAPR + fading margin can be set at 17.8dB (which, is less then setting them separately).
· AWGN_offset reduction makes passing testing harder, i.e., it should be left up to manufacturer which value (above 0dB) is chosen.
We see it as feasible to have a test setup without the external power amplifier, if AWGN_offset is adjustable and cable lengths are controlled.
Additionally, a test antenna with higher gain can be chosen in case of insufficient link budget. It is not clear to us, which test antenna gain was chosen in [4].
Assume OTA link budget as sufficient, if AWGN_offset can be chosen.



Conclusion
In this contribution we have provided our views on various open 47GHz BS demodulation performance issues. In particular, the applicability of current FR2 requirements to 47GHz, the test feasibility with respect to link budget, and the test validity with respect to absolute power levels.
We have made the following observations and proposals:

Applicability of current FR2 requirements to 47GHz
1. Existing demodulation minimum performance requirements are reusable for 47GHz band; the baseline assumption can remain unchallenged.

Test validity with respect to absolute power levels
1. The absolute power OTA RIB power level at the DUT, during RAN4 demodulation testing, reaches ‑51dBm (200MHz CBW with 20dB SNR).
1. The absolute power levels required in RAN4 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 reduce receiver performance in practical deployments.
RAN4 to discuss ways to reduce the absolute power levels at the RIB required during BS demodulation testing.
RAN4 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.

Test feasibility with respect to link budget
RAN4 to solicit input from the TE vendors and contributors that run BS demodulation performance tests on the current and/or possible future presence of a power amplifier between the signal generator and test antenna.
Feedback from the TE vendors concerning achievable output power levels of their products and potential “intermediate” amplifier could solve the link budget discussion in a most efficient manner.
Assume OTA link budget as sufficient, if AWGN_offset can be chosen.
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