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1 Introduction

In RAN4 #88 meeting a number agreements on the SNR and noise level (Noc) setup for FR2 requirements were made in the scope of the NR Test Methods SI and captured in [8]:
	· Requirements to be specified in TS 38.101-4

· Absolute Noc level. at Reference point, for bands up to 40GHz
· Noc level may have different value according to UE type

· SNR at Reference point SNRRP, test-specific value

· Downlink signal and noise aligned to the Rx beam peak

· How to capture the methodology in 38.101-4 is FFS in NR UE Demodulation session

· FFS whether to include the relation between Baseband SNR and SNR at reference point in 38.101-4 and is up to further discussion

· Reference point SNR and Baseband SNR

· Set wanted noise to give 1dB difference between Reference point SNR and Baseband SNR, using agreed UE parameters

· SNRRP = SNRBB + 1dB 

· Assumptions on UE parameters
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· Values derived from UE assumptions for EIS defined in R4-1804589, 39GHz

· These parameters together with 1dB difference between Reference point SNR and Baseband SNR, give Noc level of -153dBm/Hz at Reference point

· The Noc value can be changed for other device types/categories in Rel-15 or future releases, maintaining SNRRP = SNRBB + 1dB

· Maximum feasible SNR level
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· Values derived from Test system assumptions agreed by TE vendors 

· These are UE baseband SNR values. Figures used in TS 38.101-4 will be 1dB higher

· Values based on UE parameters and currently foreseen test equipment limitations as derived in R4-1809772, and could be improved in future


In this contribution we provide views on the how to capture the respective agreements in TS 38.101-4 and possible impact on the UE performance requirements. 
2 Discussion

2.1 SNR configuration framework
In accordance to the NR Test Methods SI agreements the test equipment shall be able to control the DL SNR level at the reference point which is defined at the input of UE antenna array. Same time, for all the RAN4 UE demodulation and CSI reporting simulations, companies are making the analysis for the baseband SNR. The test equipment will transmit a mix of the desired signal and artificial noise in a way to guarantee certain SNR level which can be guaranteed at the reference point. Same time, the baseband SNR may have a certain bias vs the reference point SNR due to presence of the UE noise floor which depend on the UE RF characteristics (noise figure). 
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Figure 1. UE Demodulation tests reference point and baseband SNR
The following framework was agreed to address the problem:

· The TE will control SNR at the reference point (SNRRP) in a way that SNRRP = SNRBB + 1dB

· The TE will generate the artificial noise with fixed power level Noc at the reference point

· Noc level is chosen in a way to ensure that the difference between the baseband and reference point SNR for the reference UE parameters is equal to 1 dB (note: in case UE has different parameters, the actual mismatch between the reference point and baseband SNR could be larger or smaller than 1 dB)
· The reference UE parameters are defined for UE power class 3 and band n260 (39 GHz band): 

· 8 dB UE antenna gain (in the RX beam peak direction)

· 11 dB UE implementation loss

· 12 dB UE noise figure 

· The feasible SNR range was derived taking into account the target Noc level and practical test equipment limitations. In case the required SNR is larger than the SNR upper bound that is achievable by the measurement system, then the corresponding requirement can currently not be tested.

· UE parameters and foreseen test equipment limitations could be improved in future
In our understanding the reference point SNR characterizes the specific assumption used for the UE testing and could be potentially revised in the future, while baseband SNR characterizes the actual UE baseband performance and these values are not expected to change in the future. So, we suggest the following approach on how to capture the reference point and baseband SNR in TS 38.101-4: 

· Use SNRBB to define the FR2  minimum UE Demodulation performance requirements

· Describe the reference point SNR concept and mapping between the SNRRP and SNRBB in the specification and add clarifications that SNRRP shall be used for performance testing.
· The exact approach to capture it in the specs can be as follows (changes are marked in yellow):

	4
General
4.X 
SNR for FR2 radiated performance requirements
For the radiated performance requirements in Clauses 7 and 8 the measurement system shall control the SNR of DL signal at the reference point (SNRRP). For the Direct Near Field (DNF) test method the reference point for SNR of DL signal is defined as the intersection of the axes of rotation of the positioning system(s). For the Direct Far Field (DFF) and Indirect Far Field (IFF) test methods the reference point for SNR of DL signal is defined as the geometrical center of the quiet zone (QZ). From the UE perspective the reference point is the input of the UE antenna array. The minimum UE performance requirements are defined with respect to the SNR observed at the UE receiver baseband ports (SNRBB). The reference point SNR is derived as SNRRP = SNRBB + 1dB.
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Figure X: DL SNR reference point for UE Demodulation and CSI testing methodology
7
Demodulation performance requirements (Radiated requirements)

7.1 
General

7.2 
PDSCH demodulation requirements
7.2.1 
1RX requirements (Void)
7.2.2

2RX requirements
7.2.2.1
FDD (Void)

7.2.2.2
TDD

7.2.2.1.1
Minimum requirements A

….

Table 5.2.2.1.1-2: Performance requirements
Test num.
Reference channel

Propagation condition

Correlation matrix and antenna configuration
Reference value

Fraction of maximum throughput (%)

SNRBB (dB)
1
[TBD]
2

[TBD]



Proposal #1:
Use SNRBB to define the FR2 minimum UE Demodulation performance requirements in TS 38.101-4. Add definition of SNRRP and SNRBB, and mapping between the SNRRP and SNRBB in TS 38.101-4.

2.2 Noc level configuration

In our view different Noc levels can be are defined for different UE power classes and frequency bands similarly to the recent proposal from Anritsu before RAN4 88bis. The detailed motivation and proposed procedure are provided in our paper in the NR Test Methods SI agenda [2]. In particular, we suggest that the Noc level can be recalculated subject to UE REFSENS characteristics for the particular frequency band, UE power class, multi-band support and CA capabilities.
In our view providing the exact Noc levels for all the possible configurations in TS 38.101-4 may cause additional overhead and could cause possible misalignment with RF specs. Instead of this, we suggest to capture the general principles / equations for the Noc calculation with the direct reference to the FR2 REFSENS requirements.

2.3 Feasible SNR range

Based on the recent analysis in the scope of the NR Test Methods SI the achievable SNR for UE testing is limited. The exact level depends on the test methods, TE characteristics, UE characteristics, and aggregated CBW.

Based on the analysis of UE power class 3 and band n260 the maximum feasible SNR is defined as follows:
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For other frequency bands and UE power classes the achievable SNR could be higher. Also, the TE characteristics could improve in the future which could also lead to larger SNR range.
The respective constraints may have impact on the requirements testability and the following agreements were made to minimize the impact on the work on the requirements definition:
	· RAN4 UE Demodulation and CSI requirements can be defined for any SNR range
· In case the required SNR is larger than the SNR upper bound, the corresponding requirement can currently not be tested


As it may be observed the feasible SNR range directly depends on the UE CBW. In order to increase the testable SNR we suggest to focus on the 50 MHz CBW instead of current 100 MHz CBW assumption. The respective assumptions would simplify the testing and will extend the testable SNR range by 3 dB.

Proposal #2:
Define all FR2 normal demodulation requirements for 50MHz CBW to increase the testable SNR range.
We also note that SNR level constraint may have larger impact on the SDR requirements testing. For SDR testing the test equipment is supposed to transmit noise free signals with SNR limited by the TE own EVM characteristics. For the FR2 case, if the receive signal power level is insufficient and UE receiver RF noise floor will limit the achievable SNR levels. Based on our estimates 64QAM SDR testing may require ~19-20 dB SNR for the FR2 environment. At least the existing SNR range values makes SDR testing impossible, since the TE cannot achieve SNR points used for high MCS operation and especially for the case of high aggregated channel bandwidth. Same time we also note that for other frequency bands and UE power classes the achievable SNR could be higher. Therefore we consider two possible approaches for FR2 SDR testing:

· Option 1: Proceed with introduction of FR2 SDR requirements but do not test the requirements unless the TE can achieve sufficiently high baseband SNR level of [X] dB, where X will be captured directly in TS 38.101-4.
· Option 2: Reduce the MCS tested for FR2 SDR requirements to ensure that operating SNR is low enough.

Proposal #3:
Further discuss how to account the SNR range constraints for FR2 testing in the SDR requirements

· Option 1: Do not test the SDR requirements unless the TE can achieve sufficiently high baseband SNR level of [X] dB, where X will be captured directly in TS 38.101-4.

· Option 2: Reduce the MCS tested for FR2 SDR requirements to ensure that operating SNR is low enough.
3 Conclusion

In this contribution we provided views on the SNR and noise level (Noc) setup for FR2 requirements and in summary make the following proposals:

Proposal #1:
Use SNRBB to define the FR2 minimum UE Demodulation performance requirements in TS 38.101-4. Add definition of SNRRP and SNRBB, and mapping between the SNRRP and SNRBB in TS 38.101-4.

Proposal #2:
Define all FR2 normal demodulation requirements for 50MHz CBW to increase the testable SNR range.
Proposal #3:
Further discuss how to account the SNR range constraints for FR2 testing in the SDR requirements

· Option 1: Do not test the SDR requirements unless the TE can achieve sufficiently high baseband SNR level of [X] dB, where X will be captured directly in TS 38.101-4.

· Option 2: Reduce the MCS tested for FR2 SDR requirements to ensure that operating SNR is low enough.
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