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1 Introduction

In this contribution we provide views on different aspects of SNR, Es and Noc parameters setup for the NR FR1 and FR2 UE demodulation and CSI performance requirements definition.
2 Side conditions emulation
Two general approaches for the side conditions emulation are used for the UE performance requirements definition:

· Mode 1: Target SNR (SINR) emulation

· Test system transmits desired signal and artificial AWGN in a way to emulate target SNR conditions

· The mode is applicable for the general UE Demodulation and CSI performance requirements

· The Noc power level is selected to ensure that it is far above UE RF noise floor to focus on baseband performance verification in the noise-limited environment
· The SNR and Noc power levels shall be specified for each test. The Es power level can be simply derived based on the SNR and Noc levels (Es = SNR + Noc).
· Mode 2: Noise free conditions emulation

· Test system transmits desired signal without artificial noise. 

· The mode is applicable for the SDR requirements (and potentially for selected UE Demodulation/CSI requirements in the future)
· 
Es power shall be specified as a per-test parameter.

· Es power level shall be selected in a way to ensure that effective SNR is above certain threshold.

The TS 38.101-4 is expected to provide a clear methodology to setup the Es, Noc, SNR for each of the methodologies.

Observation #1: Rel-15 NR NR UE Demodulation/CSI requirements use 2 modes of side conditions setup

· Mode 1: Target SNR (SINR) emulation

· Mode 2: Noise free conditions emulation
3 FR1 requirements
3.1 Mode 1: Target SNR (SINR) emulation
In RAN4 #89 it was tentatively agreed to use Noc = [-142] dBm/Hz [1] and further discussion on the final value is needed. In LTE a typical Noc level was set to -98 dBm/15kHz which corresponds to -139 dBm/Hz. Therefore, the NR Noc level is expected to be ~3 dB lower than the LTE artificial noise level and further check on the value applicability to different frequency bands is needed.
The difference between the Noc level and the actual UE RF noise floor will have impact on the effective SNR observed in the baseband. The baseband SNR degradation as a function of the difference between the Noc level and UE RF noise levels is illustrated in Figure 1. 
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Figure 1. Baseband SNR loss vs Noc power level
The baseband requirements in TS 38.101-4 do not take into account possible baseband SNR degradation due to respective effects and, therefore, it is desirable to set the Noc levels in a way to minimize the SNR degradation. For instance, we recommend to avoid scenarios with > 0.1 dB SNR degradation, which corresponds to ~16-17dB difference between the UE noise floor and emulated artificial noise floor.

The UE RF noise power level can be derived based on the RF REFSENS requirements. The REFSENS power level is defined as follows:
REFSENS (dBm) = -174 dBm + 10*log(BW) + NF – D + SNRREFSENS + IM
The RF noise can be derived as follows:
PNoiseRF (dBm/Hz) = -174 dBm + NF + IM = REFSENS - 10*log(RX BW) + D - SNRREFSENS
In LTE for single carrier scenarios the worst single carrier UE RF noise floor is in the range from -162 dBm/Hz to -155dBm/Hz depending on a frequency band. So, the worst case difference vs LTE Noc level is equal to 16dB which would give 0.1 dB degradation in the baseband SNR. 
For NR the RF FE noise is in the range from -165 dBm/Hz to -153 dBm/Hz depending on a frequency band (see TS 38.101-1 [3]). For the Noc = -142 dBm/Hz the SNR degradation could be > 0.3 dB. For Noc = -139 dBm/Hz, the SNR degradation could be up to ~0.15 dB in the worst case.

Also we note that the basic principle of the UE demodulation requirements definition is that the UE performance requirements are considered to be operating band independent and the performance can be verified in either of the operating bands supported by the UE under test.
Taking into account this analysis we suggest to further discuss the following options for the single carrier FR1 Noc setup:
· Option 1: Use band agnostic high Noc value (≥ -139 dBm/Hz)
· The respective values should ensure minor SNR degradation for all current NR bands for single carrier case. 

· Same time it may not guarantee that the loss will not happen for new frequency bands or in CA case and therefore a high enough Noc value shall be selected.
· Option 2: Adjust the SNR to compensate the degradation

SNRNew (dB) = SNRBB (dB) + 10*log10(1+A)
A = PNoiseRF.(mW/Hz) / Noc (mW/Hz)
· The approach allows avoiding the issues with SNR degradation during testing but imposes additional complexity for SNR setup

· Option 3: Use per-band variable Noc level in a way to ensure a fixed SNR error

Noc(dBm/Hz) = PNoiseRF (dBm/Hz) + [16] dB
· The approach allows avoiding the issues with SNR degradation during testing but imposes additional complexity for Noc setup

In our view, Option 2 or Option 3 are preferable and allow focusing on BB performance verification and avoid any problems associated with variable UE RF noise floor.
For CA case certain REFSENS relaxation is considered in the RF specs and the difference between Noc level and RF noise floor can become smaller. So further discussion should take place if the respective requirements are introduced.

Proposal #1:

Further study how to ensure minimum SNR degradation due to UE RF noise
· Option 1: Use band-agnostic high Noc value

· Option 2: Adjust the SNR to compensate the degradation

· Option 3: Use a per-band variable Noc level in a way to ensure a fixed SNR error

3.2 Mode 2: Noise free conditions emulation
For the case of noise free conditions emulation, the Es shall be selected in a way to ensure that effective SNR is high enough. For the SDR tests it is desirable to achieve as high as possible SNR level. The following factors will affect the SNR for SDR tests

1) TE TX EVM: Can be assumed in range of 1.75% to 2% based on LTE 1024QAM WI assumptions which would give ~34 – 36dB

2) UE RF noise floor: The Es power level shall be selected to be high above RF noise floor to avoid impacts on SNR. In particular it is suggested to select the Es in a way to achieve ~35dB SNR. 

For NR, we recommend to further discuss the following approaches to set the Es power level
· Option 1: Use per-band variable Es level in a way to ensure that effective SNR = [35]dB

Es (dBm/Hz) = PNoiseRF (dBm/Hz) + [35] dB
· Option 2: Use a fixed Es power level for all tests (value TBD)

· A single Es power level should ensure that for all tested bands the effective SNR achieves the target value. Es = -120dBm/Hz can be used as a starting point but further verification for the CA case is neeed.

Proposal #2:

Further study how to minimize UE RF noise impacts for noise-free conditions
· Option 1: Use per-band variable Es level in a way to ensure that effective SNR > [35] dB
· Option 2: Use a band-agnostic high Es power level

4 FR2 requirements
4.1 Mode 1: Target SNR (SINR) emulation
The methodology to define the Noc level for the FR2 testing was agreed in the scope of the NR Test Methods SI and already captured in the TS 38.101-4 [1]. Same time, the existing values are valid for the case of single carrier operation and single band devices, while “handling of Carrier Aggregation is FFS, and the handling of multi-band relaxation is FFS.”
For the PC3 UEs that support operation in multiple FR2 bands (i.e. same antenna array is designed to support multi-band operation), the minimum requirement for reference sensitivity (EIS) requirements were agreed to be relaxed per band, respectively, by the reference sensitivity relaxation parameter ΔMBP,n as specified in section 6.2.1.3 of TS 38.101-2 [4]. 
	Table 6.2.1.3-4: UE multi-band relaxation factors for power class 3

Supported bands

∑MBP (dB)

∑MBS (dB)

n257, n258

≤ 1.3

≤ 1.25

n258, n260

≤ 1.0

≤ 0.753
n258, n261

≤ 1.0

≤ 1.25

n260, n261

0.0

≤ 0.752
n257, n258, n261

≤ 1.7

≤ 1.75

n257, n260, n261

≤ 0.5

≤ 1.253
n258, n260, n261

≤ 1.5

≤ 1.253
n257, n258, n260, n261

≤ 1.7

≤ 1.753
NOTE 1:
The requirements in this table are applicable to UEs which support only the indicated bands

NOTE 2:
For supported bands n260 + n261, ΔMBS,n is not applied for band n260

NOTE 3:
For n260, maximum applicable MBS,n is 0.4 dB

….

7.3.2.3         Reference sensitivity power level for power class 3

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annex A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal) with peak reference sensitivity specified in Table 7.3.2.3-1. The requirement is verified with the test metric of EIS (Link=Beam peak search grids, Meas=Link Angle).
Table 7.3.2.3-1: Reference sensitivity

Operating band

REFSENS (dBm) / Channel bandwidth

50 MHz

100 MHz

200 MHz

400 MHz

n257

-88.3

-85.3

-82.3

-79.3

n258

-88.3

-85.3

-82.3

-79.3

n260

-85.7

-82.7

-79.7

-76.7

n261

-88.3

-85.3

-82.3

-79.3

NOTE 1:   The transmitter shall be set to PUMAX as defined in subclause 6.2.4

For the UEs that support operation in multiple FR2 bands, the minimum requirement for reference sensitivity in Table 7.3.2.3-1 shall be increased per band, respectively, by the reference sensitivity relaxation parameter MBP,n as specified in section 6.2.1.3.


A similar approach can be applied for the Noc adjustment for UE demodulation tests. The Noc power level can be adjusted by the sum of ΔMBP,n values supported by the UE (ΣMBP defined in Table 6.2.1.3-4 in TS 38.101-2):

Noc(Band_X, PC_Y) = -155 dBm/Hz + RefsensPC_Y, Band_X, 50MHz – RefsensPC3, n260, 50MHz + ΣMBP
Proposal #3:
For FR2 Noc setup for multi-band devices increase the Noc power level by ΣMBP defined in TS 38.101-2 Table 6.2.1.3-4.
5 Conclusion

In this contribution we provide views on the Noc, Es and SNR setup for NR FR1 and FR2 UE demodulation and CSI reporting performance requirements. In summary, we make the following proposals.
Proposal #1:

Further study how to ensure minimum SNR degradation due to UE RF noise

· Option 1: Use band-agnostic high Noc value

· Option 2: Adjust the SNR to compensate the degradation

· Option 3: Use a per-band variable Noc level in a way to ensure a fixed SNR error

Proposal #2:

Further study how to minimize UE RF noise impacts for noise-free conditions
· Option 1: Use per-band variable Es level in a way to ensure that effective SNR > [35] dB
· Option 2: Use a band-agnostic high Es power level

Proposal #3:
For FR2 Noc setup for multi-band devices increase the Noc power level by ΣMBP defined in TS 38.101-2 Table 6.2.1.3-4.
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