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1.
Introduction

For FR2 demodulation, Anritsu had a proposal in R4-1812083 [1] about how to specify Noc, taking both UE power class and band into account. Although the principle is accepted by most companies, and the agreed TR 38.810 text proposal in [2] states that the Noc value can be changed for other device types/categories in Rel-15 or future releases, no text on this topic was agreed for TS 38.101-4 [3].
UE Refsens varies with both UE power class and band. This Tdoc explains the reasoning to take both UE power class and band into account for setting the Noc level, based on Refsens values in TS 38.101-2 [4].
2.
Principle for derivation of Noc level
The original derivation of Noc level for demodulation testing was captured in TR 38.810 by agreement of R4-1812082 [2]:

For a Near-Field setup the reference point for SNR of DL signal is defined as the intersection of the axes of rotation of the positioning system(s). For a Far-Field (DFF or IFF) setup the reference point for SNR of DL signal is defined as the geometrical center of the QZ. From the UE perspective the reference point is the input of UE antenna array.
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Figure 7.2.1.3-1: DL SNR reference point for UE Demodulation and CSI testing methodology
The requirements in core specification TS 38.101-4 will be specified at the Reference point, according to the following principles:

-
Specify absolute Noc level at the Reference point
-
Noc level may have different value according to UE type 

-
Specify SNRRP at the Reference point
-
SNRRP is a test-specific value 

-
Downlink signal and noise are aligned to the Rx beam peak direction

Simulations for UE demodulation and CSI are normally run at baseband, with results expressed as SNRBB, and do not take into account the noise of the UE front end. For over-the-air testing it is not feasible in practice to use signal levels high enough to make the noise of the UE front end negligible. The approach below has been agreed:

-
Set wanted noise to give 1dB difference between Reference point SNR and Baseband SNR, using agreed UE parameters, so SNRRP = SNRBB + 1dB
-
The agreed UE parameters are defined in Table 7.2.1.3-1, and Figure 7.2.1.3-2 shows the principle

Table 7.2.1.3-1: Assumed UE parameters for UE Power class 3

	
	43GHz
	

	UE Antenna Gain (G_UE)
	8
	dBi

	UE Noise Figure (F_UE) 
	12
	dB

	UE Implementation loss (IL_UE)
	-11
	dB

	Nktb
	-174
	dBm/Hz
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Figure 7.2.1.3-2: Reference point SNRRP and Baseband SNRBB
The parameters in Table 7.2.1.3-1, together with 1dB difference between Reference point SNR and Baseband SNR, give Noc level of -153dBm/Hz at the Reference point for a Power Class 3 UE. The Noc value can be changed for other device types/categories in Rel-15 or future releases, maintaining SNRRP = SNRBB + 1dB.
The detail of how to capture the requirements in TS 38.101-4 will be decided by RAN4. It is FFS whether to include the relation between SNRBB and SNRRP in 38.101-4 and is for further discussion.
3.
Power class dependency and Operating Band dependency 
The parameters in Table 7.2.1.3-1 above were based on a Power Class 3 UE, and band n260 (40GHz), and it is recognised that other UE Power Classes would need different values. We also note that the selection of a 1dB difference between Reference point SNR and Baseband SNR is to set the wanted noise 6dB above the UE thermal noise floor. The UE thermal noise floor also determines Refsens.

In TS 38.101-2 [4] we see that Refsens depends on Operating Band as well as Power class:
7.3.2.1
Reference sensitivity power level for power class 1

The throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annex A] (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal) with peak reference sensitivity specified in Table 7.3.2.1-1. The requirement is verified with the test metric of EIS (Link=Beam peak search grids, Meas=Link Angle).

Table 7.3.2.1-1: Reference sensitivity for power class 1

	Operating band
	REFSENS (dBm) / Channel bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	-97.51
	-94.51
	-91.51
	-88.51

	n258
	-97.51
	-94.51
	-91.51
	-88.51

	n260
	-94.51
	-91.51
	-88.51
	-85.51

	n261
	-97.51
	-94.51
	-91.51
	-88.51


<< Clauses skipped >>

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 (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


As Refsens (which is basically a measure of UE noise) varies with both UE power class and band, we should therefore take both UE power class and band into account (for example for power class 1 Refsens differs by 3dB between n257 and n260, but n257 Refsens also differs by 3dB between power class 1 and power class 2, so both are important).
· Proposal 1: Noc values for FR2 demodulation/CSI take both UE power class and band into account
To avoid excessive complexity in the specification, we note that the RRM specification TS 38.133 [5] already has a grouping of band in clause 3.5.3 which also takes power class into account:

3.5.3
NR operating bands in FR2

NR frequency bands grouping for FR2 is specified in Table 3.5.3-1.

Table 3.5.3-1: NR frequency band groups for FR2

	Group
	Band group notation
	Operating bands

	A
	NR_TDD_FR2_A
	n2571, n2581, n2611

	B
	NR_TDD_FR2_B
	n2574, n2584, n2614

	C
	NR_TDD_FR2_C
	

	D
	NR_TDD_FR2_D
	

	E
	NR_TDD_FR2_E
	

	F
	NR_TDD_FR2_F
	n2604

	G
	NR_TDD_FR2_G
	n2572, n2582, n2601, n2612

	H
	NR_TDD_FR2_H
	

	I
	NR_TDD_FR2_I
	

	J
	NR_TDD_FR2_J
	

	K
	NR_TDD_FR2_K
	

	L
	NR_TDD_FR2_L
	

	M
	NR_TDD_FR2_M
	

	N
	NR_TDD_FR2_N
	

	O
	NR_TDD_FR2_O
	

	P
	NR_TDD_FR2_P
	

	Q
	NR_TDD_FR2_Q
	

	R
	NR_TDD_FR2_R
	

	S
	NR_TDD_FR2_S
	

	T
	NR_TDD_FR2_T
	n2573, n2583, n2613

	U
	NR_TDD_FR2_U
	

	V
	NR_TDD_FR2_V
	

	W
	NR_TDD_FR2_W
	

	X
	NR_TDD_FR2_X
	

	Y
	NR_TDD_FR2_Y
	n2603

	NOTE 1:
UE power class 1.

NOTE 2:
UE power class 2.

NOTE 3:
UE power class 3.

NOTE 4:
UE power class 4.


As this grouping already handles both Operating band and power class, it is suitable for our purpose.
·  Proposal 2: Use the same FR2 Band grouping as in TS 38.133
Recognising that a Power Class 3 UE in band n260 is assigned to Band Group NR_TDD_FR2_Y, we could assign the previously calculated demodulation test Noc level of -153dBm/Hz to NR_TDD_FR2_Y, and then calculate the Noc levels for other Band Groups (which will be lower values) using 0.5dB steps.
We note that the calculation provided in section 2 of this document “Table 7.2.1.3-1” used worst-case values for UE Antenna Gain, UE Noise Figure and UE Implementation loss, which apply for Power class 3, n260 only. Refsens values were however agreed on a different basis, which was not worst case.   
4.
Derivation of Noc values based on Refsens 
The Reference sensitivity values in TS 38.101-2 [4] were derived using parameters agreed in R4-1804589 [6] for Power class 3. Relevant extracts from R4-1804589 for n260 are:
	39G
	Intel
	LGE
	Huawei
	MediaTek
	Qualcomm (Plastic Packaging)
	Qualcomm

n260

(Glass)

	Effective realized antenna array gain [dB]
	7.5
	9
	9
	8.5
	10.4
	10.5

	NF [dB]
	11
	11
	12
	10.5
	11.6
	11.6

	Total implementation loss [dB]
	10.9
	9.5
	8
	7.7
	5.0
	8.4

	Form factor de-sense (FFD)
	1
	-
	-
	-
	-
	-

	Sensitivity EIS [dBm]
	-82.61
	-86.73
	-87.01
	-88.31
	-91.81
	-88.3


Table 2 EIS and Contributing Parameters for 39G

Observation 2: For n260, EIS (50MHz, -1dB target SNR) is tightly clustered in the range from -88.3dBm to -86.7dBm, with one outlier.

We feel it is reasonable to accommodate the cluster with some margin (1dB) while setting EIS specification.

Proposal 2: EIS in band n260, for a 50M channel, and a target SNR of -1dB, shall be -85.7dBm.
The Power Class 3 Refses value of -85.7dBm for 50MHz in n260 was adopted in TS 38.101-2 [4]. We can use this value, together with the target Refsens SNR of -1dB to calculate the UE noise spectral density:

Refsens (using 120kHz SCS, 12 SC and 32 PRBs) = -85.7dBm -10Log10(46.08MHz) = -162.3dBm/Hz
If Refsens has SNR of -1dB, then the UE noise floor is at (-162.3dBm/Hz +1dB) = -161.3dBm/Hz
For FR2 UE demodulation, wanted noise is set 6dB above the UE thermal noise (to give 1dB degradation):  
Wanted noise Noc would be at (-161.3dBm/Hz +6dB) = -155.3dBm/Hz
This is approximately 2dB lower than the previous wanted noise calculated in section 2 of this document, which gave -153dBm/Hz for Power Class 3 in n260. The difference is because the calculation in section 2 was based on worst-case values for UE Antenna Gain, noise Figure and implementation loss. The Refsens value proposed in R4-1804589 [6] did not take all these parameters to be worst case at the same time.
· Proposal 3: Use Noc values based on Refsens: Power Class 3 in n260, Noc = -155dBm/Hz
5.
Advantages of Band and Power class dependent Noc values based on Refsens 
Using a Band and Power class dependent Noc value for demodulation has significant advantages. For example, a Power Class 1 UE could be tested with about 9dB extra SNR range compared to the Power Class 3 UE. In addition, existing and future work on Refsens for different bands and types of UE can be consistently applied without major specification rework. The key advantages are:
· The maximum 1dB difference between Reference point SNR and Baseband SNR is applied consistently and fairly to all UE types and operating bands
· The Noc values are linked to defined and formally agreed Refsens values in TS 36.101-2  

· Future work on UE types and operating bands to derive Refsens values can be consistently and easily applied to demodulation requirements and testing

· The available dynamic range of the test system is maximised for all cases
6.
Way Forward

RAN4 is asked to endorse the following proposals:

· Proposal 1: Noc values for FR2 demodulation/CSI take both UE power class and band into account
· Proposal 2: Use the same FR2 Band grouping as in TS 38.133
· Proposal 3: Use Noc values based on Refsens: Power Class 3 in n260, Noc = -155dBm/Hz
A TP for TS 38.101-4 is provided in R4-1814523 [7] and a CR to align TR 38.810 in R4-1814524 [8]. 
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