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1 Introduction

In RAN4 #90 SNR, Es and Noc setup for NR FR1 and FR2 UE performance requirements was discussed and the following agreements were reached in [1]

	· Issue 1: Noc power level for FR1 Mode 1
· Background: Noc power level for FR1 is in []
· Proposal
· Use a per-band Noc power level 
· Noc is at least X dB higher than UE RF noise floor for each band
· Noc (dBm/Hz) = PNoiseRF (dBm/Hz) + X dB
· X value
· Option 1: X = [16 ]dB
· PNoiseRF  calculation is FFS and companies are encourage to bring proposals in RAN4 #91
· Issue 2: Es Level for FR1 Mode 2 (only used for Noise free test cases)
· Background: Es power level for FR1 is undefined
· Proposal
· Use per-band Es power level 
· Es is at least X dB higher than UE RF noise
· Es (dBm/Hz) = PNoiseRF (dBm/Hz) + X dB
· X value
· Option 1: X = [35] dB
· PNoiseRF  calculation is FFS and companies are encourage to bring proposals in RAN4 #91


In RAN4 #90bis meeting the following agreements were reached on SNR, Es and Noc setup [2]:
	· Issue #1: Per band or fixed Noc and Es values
· Previous agreement 

· Use a per-band Noc and Es power level

· Current options

· Option 1: per band

· Option 2: generic values (worst values)

· Noc level = [-136] dBm/Hz

· Band 12, 15 MHz, 30 kHz: PnoiseRF = -152 dBm/Hz

· Noc = -152 + 16 = -136 dBm/Hz

· Es level = [-117] dBm/Hz

· Band 12, 15 MHz, 30 kHz: Es = -152 + 35 = -117 dBm/Hz

· Issue #2: Noc and Es calculation
· Noc calculation

· Previous agreement for Noc calculation

· Noc (dBm/Hz) = PNoiseRF (dBm/Hz) + X dB

· X value

· Option 1: X = [16 ]dB

· Proposal:

· X = 16 dB

· Es calculation

· Previous agreement for Noc calculation

· Noc (dBm/Hz) = PNoiseRF (dBm/Hz) + X dB

· X value

· Option 1: X = [35 ]dB

· Proposal:

· X = 35 dB

· Issue #3: PnoiseRF  calculation
· General equation

· PnoiseRF (dBm/Hz) = REFSENS – 10*log(BW) + Diversity Gain – SNRREFSENS
· BW: should followed the assumption used in REFSENS requirements to maintain PSD of noise floor, BW = NRBs*SCS*12

· Using 2Rx REFSENS levels to generate noise floor with assumption 3dB diversity gain for both 2Rx and 4Rx test cases

· Same Noc values per Rx port applied for 2Rx and 4Rx

· Handing of tests for UE supporting CA

· Option 1: Applying ΔRIB relaxation depending on scenario

· Option 2: No need to consider this impact

· Option 3: Apply fixed relaxation value [1] dB for all scenarios

· Handling of CA tests

· Option 1: Use individual values for each CC

· Option 2: Select the maximum values applied for all CC

· Issue #4: SNR upper bound in FR2
· RAN4 does not put any limit on the upper SNR into the specification, It is up to each test system implementation whether a test case can be performed or not.

· Define methodology for testable baseband SNR range in TR 38.810 for scenarios without external noise sources


In this contribution we provide further views on the remaining open issues of Es and Noc parameters setup for the NR FR1 UE demodulation and CSI performance requirements definition.
2 Discussion

2.1 Per band vs fixed Noc and Es values

In RAN4 #90 it was agreed to use per-band Noc and Es power levels to guarantee that the baseband SNR loss in comparison to SNR, emulated by TE, will not happen for new frequency bands. Current methodology to calculate Noc and Es values in a band-specific manner is defined to ensure that the baseband SNR degradation in comparison to TE SNR is less than 0.1 dB. If Noc and Es power levels will be defined as fixed values, calculated based on the worst Rel-15 band, then in future once new bands are introduced, RAN4 may face the situation that SNR degradation is higher than 0.1 dB and demodulation requirements can be affected. So, RAN4 may need to come back to the similar discussion of Noc and Es values in future in case Noc and Es values will be defined as fixed for all bands. Therefore, we suggest to keep original agreement on Noc and Es power levels setup (i.e. use per-band values) to have a generic and band-agnostic methodology for Noc and Es power levels calculation.
In RAN5#5-5G-NR Adhoc the following agreements were reached on Noc and Es parameters setup:

	R5-193448
	4.1.16
	Noc Level for FR1 Demod tests
	LATE DOCUMENT
Option1 is agreeable to RAN5 , and tests the requirement in a band agnostic manner with limited test implementation difficulties as well as verify the goal of the test
RAN5 will wait for the feedback from RAN4 based on this RAN5 understanding , draft to be updated to include teh comments on updating the complexity with TEV feedback and Ref sense example
noted proposal1 is endorsed


In our view the agreements in RAN4 and RAN5 don’t really completely contradict each other. The original RAN4 intention is to ensure that the minimum Noc level in the test is defined in a way that it is far above the UE RF noise power level (such that baseband SNR is almost not affected) and that this principle will be applicable for all bands and could be further easily extended for new bands, new scenarios, etc. In this case a common methodology and principles are indeed helpful in a way to ensure that a consistent and transparent approach is used. Same time, it does not really preclude RAN5 to use a single worst case Noc value for conformance tests if it can simplify the procedure at some extent. So, one possible solution is to keep the RAN4 methodology to capture the min Noc power level and allow RAN5 to use a fixed Noc level subject to the fact that Noc is always above the RAN4 min Noc level. In the latter case, further update of Noc and Es values in the future may happen and could be managed by RAN5.

Proposal #1:
Specify methodology for calculation of the minimum Es and Noc levels in a band-specific manner for FR1 demodulation requirements in TS 38.101-4. Allow RAN5 to use a fixed Noc and Es power level for conformance testing as long as the value exceeds the minimum Noc defined by RAN4.
2.2 Handing of tests for UE supporting CA

In TS 38.101-1 relaxation factor ΔRIB is defined for UE supporting CA operation. At current stage, relaxation factor is in range 0.2-0.5 dB. In LTE specification (TS 36.101) relaxation factor is in range 0-0.8 dB. Taking into account small variations of ΔRIB values, we suggest to simplify methodology for Noc and Es levels calculations and use fixed relaxation factor equal to 1 dB for UE supporting inter-band CA operation.
Proposal #2:
Apply fixed relaxation value equal to 1 dB for all scenarios for calculation of Noc and Es levels for FR1 demodulation requirements to handle tests for UE supporting inter-band CA operation

2.3 Handling of CA tests

For inter-band CA scenarios, Es and Noc can be emulated with the following two options:
· Option 1: Use individual values for each CC

· Option 2: Use fixed value for each CC which is equal to the maximum value from all CCs

Using of Option 1 for Normal inter-band CA and SDR requirements may lead to power imbalance between signals in different CCs depending on tested CA combination. However, more detailed discussion about dedicated CA requirements with power imbalance is required and probably will be handle in the scope of Rel-16. Therefore, for Normal inter-band CA and SDR requirements we suggest to use fixed Es and Noc values for each CC (i.e. Option 2)
Proposal #3:
Use fixed Noc and Es values for each CC for Normal inter-band CA and SDR requirements.

3 Conclusion

In this contribution we provide views on the of Es and Noc parameters setup for the NR FR1 UE demodulation and CSI performance requirements definition. In summary, we make the following proposals:
Proposal #1:
Specify methodology for calculation of the minimum Es and Noc levels in a band-specific manner for FR1 demodulation requirements in TS 38.101-4. Allow RAN5 to use a fixed Noc and Es power level for conformance testing as long as the value exceeds the minimum Noc defined by RAN4.

Proposal #2:
Apply fixed relaxation value equal to 1 dB for all scenarios for calculation of Noc and Es levels for FR1 demodulation requirements to handle tests for UE supporting inter-band CA operation

Proposal #3:
Use fixed Noc and Es values for each CC for Normal inter-band CA and SDR requirements.
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Annex – FR1 noise power level
Table 2. FR1 single carrier RF noise power, dBm/Hz
	Operating Band
	SCS kHz
	5
	10
	15
	20
	25
	30
	40
	50
	60
	80
	90
	100

	
	
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz

	n1
	15
	-162,53
	-163,51
	-163,53
	-163,61
	
	
	
	
	
	
	
	

	
	30
	
	-163,47
	-163,46
	-163,64
	
	
	
	
	
	
	
	

	
	60
	
	-163,49
	-163,53
	-163,58
	
	
	
	
	
	
	
	

	n2
	15
	-160,53
	-161,51
	-161,53
	-161,61
	
	
	
	
	
	
	
	

	
	30
	
	-161,47
	-161,46
	-161,64
	
	
	
	
	
	
	
	

	
	60
	
	-161,49
	-161,53
	-161,58
	
	
	
	
	
	
	
	

	n3
	15
	-159,53
	-160,51
	-160,53
	-160,61
	-160,49
	-160,49
	
	
	
	
	
	

	
	30
	
	-160,47
	-160,46
	-160,64
	-160,49
	-160,48
	
	
	
	
	
	

	
	60
	
	-160,49
	-160,53
	-160,58
	-160,49
	-160,47
	
	
	
	
	
	

	n5
	15
	-160,53
	-161,51
	-161,53
	-160,61
	
	
	
	
	
	
	
	

	
	30
	
	-161,47
	-161,46
	-160,64
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	

	n71
	15
	-160,53
	-161,51
	-161,53
	-161,61
	
	
	
	
	
	
	
	

	
	30
	
	-161,47
	-161,46
	-161,64
	
	
	
	
	
	
	
	

	
	60
	
	-161,49
	-161,53
	-161,58
	
	
	
	
	
	
	
	

	n8
	15
	-159,53
	-160,51
	-160,53
	-159,81
	
	
	
	
	
	
	
	

	
	30
	
	-160,47
	-160,46
	-159,84
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	

	n12
	15
	-159,53
	-160,51
	-152,53
	
	
	
	
	
	
	
	
	

	
	30
	
	-160,47
	-152,46
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	

	n20
	15
	-159,53
	-160,51
	-159,53
	-159,61
	
	
	
	
	
	
	
	

	
	30
	
	-160,47
	-159,46
	-159,64
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	

	n25
	15
	-159,03
	-160,01
	-160,03
	-160,11
	
	
	
	
	
	
	
	

	
	30
	
	-159,97
	-159,96
	-160,14
	
	
	
	
	
	
	
	

	
	60
	
	-159,99
	-160,03
	-160,08
	
	
	
	
	
	
	
	

	n28
	15
	-161,03
	-162,21
	-162,03
	-160,61
	
	
	
	
	
	
	
	

	
	30
	
	-161,97
	-161,96
	-160,64
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	

	n34
	15
	-162,53
	-163,51
	-163,53
	
	
	
	
	
	
	
	
	

	
	30
	
	-163,47
	-163,46
	
	
	
	
	
	
	
	
	

	
	60
	
	-163,49
	-163,53
	
	
	
	
	
	
	
	
	

	n381
	15
	-162,53
	-163,51
	-163,53
	-163,61
	
	
	
	
	
	
	
	

	
	30
	
	-163,47
	-163,46
	-163,64
	
	
	
	
	
	
	
	

	
	60
	
	-163,49
	-163,53
	-163,58
	
	
	
	
	
	
	
	

	n39
	15
	-162,53
	-163,51
	-163,53
	-163,61
	-163,49
	-163,49
	-163,50
	
	
	
	
	

	
	30
	
	-163,47
	-163,46
	-163,64
	-163,49
	-163,48
	-163,52
	
	
	
	
	

	
	60
	
	-163,49
	-163,53
	-163,58
	-163,49
	-163,47
	-163,55
	
	
	
	
	

	n40
	15
	-162,53
	-163,51
	-163,53
	-163,61
	-163,49
	-163,49
	-163,50
	-163,47
	
	
	
	

	
	30
	
	-163,47
	-163,46
	-163,64
	-163,49
	-163,48
	-163,52
	-163,50
	-163,56
	-163,53
	
	

	
	60
	
	-163,49
	-163,53
	-163,58
	-163,49
	-163,47
	-163,55
	-163,50
	-163,65
	-163,47
	
	

	n411
	15
	
	-161,51
	-161,53
	-161,61
	
	
	-161,50
	-161,47
	
	
	
	

	
	30
	
	-161,47
	-161,46
	-161,64
	
	
	-161,52
	-161,50
	-161,56
	-161,53
	-161,55
	-161,62

	
	60
	
	-161,49
	-161,53
	-161,58
	
	
	-161,55
	-161,50
	-161,65
	-161,47
	-161,50
	-161,58

	n50
	15
	-162,53
	-163,51
	-163,53
	-163,61
	
	
	-163,50
	-163,47
	
	
	
	

	
	30
	
	-163,47
	-163,46
	-163,64
	
	
	-163,52
	-163,50
	-163,56
	-163,53
	
	

	
	60
	
	-163,49
	-163,53
	-163,58
	
	
	-163,55
	-163,50
	-163,65
	-163,47
	
	

	n51
	15
	-162,53
	
	
	
	
	
	
	
	
	
	
	

	
	30
	
	
	
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	

	n66
	15
	-162,03
	-163,01
	-163,03
	-163,11
	
	
	
	
	
	
	
	

	
	30
	
	-162,97
	-162,96
	-163,14
	
	
	
	
	
	
	
	

	
	60
	
	-162,99
	-163,03
	-163,08
	
	
	
	
	
	
	
	

	n70
	15
	-162,53
	-163,51
	-163,53
	-163,61
	-163,49
	
	
	
	
	
	
	

	
	30
	
	-163,47
	-163,46
	-163,64
	-163,49
	
	
	
	
	
	
	

	
	60
	
	-163,49
	-163,53
	-163,58
	-163,49
	
	
	
	
	
	
	

	n71
	15
	-159,73
	-160,71
	-160,13
	-155,81
	
	
	
	
	
	
	
	

	
	30
	
	-160,67
	-160,26
	-157,04
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	

	n74
	15
	-162,03
	-163,01
	-163,03
	-163,11
	
	
	
	
	
	
	
	

	
	30
	
	-162,97
	-162,96
	-163,14
	
	
	
	
	
	
	
	

	
	60
	
	-162,99
	-163,03
	-163,08
	
	
	
	
	
	
	
	

	n77 (3.3 to 3.8 GHz)1
	15
	
	-162,51
	-162,53
	-162,51
	
	
	-162,50
	-162,47
	
	
	
	

	
	30
	
	-162,47
	-162,46
	-162,54
	
	
	-162,52
	-162,50
	-162,56
	-162,53
	-162,55
	-162,52

	
	60
	
	-162,49
	-162,53
	-162,48
	
	
	-162,55
	-162,50
	-162,55
	-162,57
	-162,60
	-162,58

	n77 1
	15
	
	-162,01
	-162,03
	-162,01
	
	
	-162,00
	-161,97
	
	
	
	

	
	30
	
	-161,97
	-161,96
	-162,04
	
	
	-162,02
	-162,00
	-162,06
	-162,03
	-162,05
	-162,02

	
	60
	
	-161,99
	-162,03
	-161,98
	
	
	-162,05
	-162,00
	-162,05
	-162,07
	-162,10
	-162,08

	n781
	15
	
	-162,51
	-162,53
	-162,51
	
	
	-162,50
	-162,47
	
	
	
	

	
	30
	
	-162,47
	-162,46
	-162,54
	
	
	-162,52
	-162,50
	-162,56
	-162,53
	-162,55
	-162,52

	
	60
	
	-162,49
	-162,53
	-162,48
	
	
	-162,55
	-162,50
	-162,55
	-162,57
	-162,60
	-162,58

	n791
	15
	
	
	
	
	
	
	-162,50
	-162,47
	
	
	
	

	
	30
	
	
	
	
	
	
	-162,52
	-162,50
	-162,56
	-162,53
	
	-162,52

	
	60
	
	
	
	
	
	
	-162,55
	-162,50
	-162,55
	-162,57
	
	-162,58
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