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Introduction
In the last meeting RAN4 approved a WF on the calculation of the Noc and Es levels for the demodulation and sustained data rate requirements [1]. In this contribution we analyse the resulting levels and share our views on how to derive the Noc and Es levels.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Discussion
 General
In the last meeting it was discussed and agreed in the way forward [1] to define the power levels for Noc and Es for FR1 on a per band basis instead of a unified level across all bands as it was the case in LTE. 
Additionally it was agreed to set both Noc and Es as follows:
Noc (dBm/Hz) = PNoiseRF (dBm/Hz) + X dB (X= [16] dB)
Es (dBm/Hz) = PNoiseRF (dBm/Hz) + X dB (X= [35] dB) (for noise free test cases only)
The derivation for PNoiseRF is FFS in the finally agreed WF, so we would like to share our view on how to derive this parameter. During the meeting the following formula for PNoiseRF (dBm/Hz) was discussed:
PNoiseRF (dBm/Hz) = REFSENS - 10*log10(BW) + D - SNRREFSENS
with below definitions:
REFSENS is the reference sensitivity requirement defined in TS 38.101-1 Table 7.3.2-1
BW – UE CBW, Hz
D = 3dB – diversity gain
SNRREFSENS = -1dB - SNR used to define the REFSENS requirements
In the following sections we discuss our understanding of the definition of PNoiseRF and how to derive the final value in the specification.
 Refsens definition for Noc and Es level derivation
As can be seen from TS 38.101-1 [2] the Refsens requirements do not only differ from band to band, but are also different for UEs supporting 2Rx or 4Rx. The 4Rx requirements are derived from the 2Rx by applying an offset factor of either -2.2 or -2.7 dB based on the band.
Observation 1: Refsens requirements are different for UEs supporting either 2Rx or 4Rx. 
Since the 2Rx requirements have the higher power level associated with them two options exist on how to define the levels for demod testing. Either the 2Rx requirements are used to derive both the 2Rx and 4Rx Noc and Es levels, or the either the 2Rx and 4Rx requirements are used to derive the values. RAN4 needs to decide to choose either option A or B below.
Option A: The 2Rx Refsens requirements from 38.101-1 chapter 7.3.2 are used to derive the Noc and Es levels for both 2Rx and 4Rx requirements.
Option B: The 2Rx Refsens requirements from 38.101-1 chapter 7.3.2 are used to derive the Noc and Es levels for 2Rx requirements. The 4Rx Refsens requirements from 38.101-1 chapter are used to derive the Noc and Es levels for 4Rx requirements.
Proposal 1: RAN4 to choose either Option A or B.
According to TS 38.101-1 clause 7.3.3 an additional factor ΔRIB,c needs to be added to the Refsens value, based on the UE implementation and the UE supported CA, DC and SUL configurations. Given that this conditional factor is only in the range of 0.2 – 0.5 dB and not yet specified for all CA band combinations, we suggest to not apply the ΔRIB,c factor when deriving the power levels for demod testing.
 Proposal 2: Do not apply ΔRIB,c when deriving Noc and Es levels.
 BW definition
The formula shown in section 2.1 takes the whole channel bandwidth into account when calculating the PNoiseRF, however as can be seen from the picture below, this definition also includes the guardbands, where no RBs are allocated. 
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Since for the definition of the Refsens level a fully allocated carrier is assumed, the term BW should be defined as follows
	BW [Hz] = Transmission Bandwidth Configuration = 12* SCS/1000* NRB
Proposal 3: Instead of using the channel bandwidth for calculating PNoiseRF, the transmission bandwidth configuration shall be used.
2.4 Diversity gain
From TS 38.101 chapter 7.3.1 the Refsens requirement is defined as power per antenna port.
The reference sensitivity power level REFSENS is the minimum mean power applied to each one of the UE antenna ports for all UE categories, at which the throughput shall meet or exceed the requirements for the specified reference measurement channel.
Since the definition of the Noc and Es levels traditionally also have been defined in the same manner, this means in our understanding that no further diversity gain needs to be added in the PNoiseRF formula.
Proposal 4: Set the diversity gain to 0 when deriving PNoiseRF.
2.5 Summary
Based on the above proposals an excelsheet is attached where the resulting Noc and Es levels can be calculated for different values of X. From the results it seems reasonable to use a value X= 16dB for Noc and X=35dB for Es, as proposed in the last meeting.
Proposal 5: Use X= 16dB for Noc and X= 35 dB for Es calculations.
Taking the above proposals into account the final outcome for the derivation of Es and Noc is as follows:

The Noc and Es values need to be captured in the specification. However adding the calculated values as shown in the excelsheet may be difficult to maintain in the future, when constantly new bands are added to the specification. Therefore it is preferable to only add the above way to derive the values to the general section of TS 38.101-4.
Noc (dBm/Hz) = PNoiseRF (dBm/Hz) + 16 dB
Es (dBm/Hz) = PNoiseRF (dBm/Hz) + 35 dB
PNoiseRF (dBm/Hz) = REFSENS - 10*log10(BW)  - SNRREFSENS
REFSENS is the reference sensitivity requirement defined in TS 38.101-1 Table 7.3.2-1
BW (Hz) is the UE Transmission Bandwidth Configuration
SNRREFSENS = -1dB - SNR used to define the REFSENS requirements
Proposal 6: Add the formulas and description of how to derive the values for Es and Noc to 38.101-4. Do not add tables with calculated band specific values.
Conclusion
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Observation 1: Refsens requirements are different for UEs supporting either 2Rx or 4Rx. 
Option A: The 2Rx Refsens requirements from 38.101-1 chapter 7.3.2 are used to derive the Noc and Es levels for both 2Rx and 4Rx requirements.
Option B: The 2Rx Refsens requirements from 38.101-1 chapter 7.3.2 are used to derive the Noc and Es levels for 2Rx requirements. The 4Rx Refsens requirements from 38.101-1 chapter are used to derive the Noc and Es levels for 4Rx requirements.
Proposal 1: RAN4 to choose either Option A or B.
Proposal 2: Do not apply ΔRIB,c when deriving Noc and Es levels.
Proposal 3: Instead of using the channel bandwidth for calculating PNoiseRF, the transmission bandwidth configuration shall be used.
Proposal 4: Set the diversity gain to 0 when deriving PNoiseRF.
Proposal 5: Use X= 16dB for Noc and X= 35 dB for Es calculations.
Proposal 6: Add the formulas and description of how to derive the values for Es and Noc to 38.101-4. Do not add tables with calculated band specific values.
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