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1.
Introduction

At RAN#88bis in Chengdu R4-1812084 [1] was presented which contained a text proposal on how to specify FR2 Demodulation requirements in TS 38.101-4. Although the principle is accepted by most companies, no text on this topic was agreed for TS 38.101-4.
An accompanying discussion paper giving the full reasoning is provided in R4-1814522 [2]. This document contains a text proposal based on the TS 38.101-4 v0.1.0 in R4-1814237 [3].
2.
Text Proposal
The Text Proposal below is recommended to be approved for inclusion in the next version of TR 38.101-4, and uses R4-1814237 [3] as the baseline. The SNR definition for radiated requirements follows the agreed Way Forward in R4-1809344 [4], and the SNR definition for conducted requirements is adapted from the LTE definition in TS 36.101.
The text for section 4 is new, and the text in sections 7 and 8 is updated to point to section 4 where relevant.
Reason for change:
a) The reference point where demodulation and CSI requirements are defined is missing, and the relationship between SNR at the reference point and SNR at UE baseband for radiated requirements is undefined. 
b) The Angle of Arrival for radiated requirements is undefined.

c) The Noc value is unspecified, so the SNR relates to an undefined noise level

d) The demodulation and CSI requirement notes have no clause to point to for Noc values.   

Summary of change:
a) Define the reference point for demodulation and CSI requirements, and define the relationship between SNR at the reference point and SNR at UE baseband for radiated requirements.
b) Define the Angle of Arrival radiated requirements.

c) Specify the Noc value

d) Specify which clause the demodulation and CSI requirement notes point to.
Some table number typos are corrected.   

Consequences if not approved:
Key values for demodulation and CSI requirements would be undefined, and the performance requirements would be untestable.

Clauses affected:
4.4 (new), 4.5 (new), 7.1, 7.2, 7.3, 8.1.

References

[1] R4-1812084, Anritsu, “Radiated Demodulation requirements – TP for TS 38.101-4”
[2] R4-1814522, Anritsu, “FR2 demod: Noc level and Band groups”

[3] R4-1814237, Samsung: TS 38.101-4 v0.1.0
[4] R4-1809344, Ericsson, “Way forward on the DL power allocation and SNR definition for UE RF and demodulation requirements”
<< Start of text proposal >>
4
General
4.1
Relationship between minimum requirements and test requirements

The present document is a Single-RAT and interwork specification for NR UE, covering minimum performance requirements of both conducted and radiated requirements. Conformance to the present specification is demonstrated by fulfilling the test requirements specified in the conformance specification 3GPP TS 38.521-4 [X]. 

The Minimum Requirements given in this specification make no allowance for measurement uncertainty. The test specification TS 38.521-4 [X] defines test tolerances. These test tolerances are individually calculated for each test. The test tolerances are used to relax the minimum requirements in this specification to create test requirements. 
The measurement results returned by the test system are compared - without any modification - against the test requirements as defined by the shared risk principle. 

The shared risk principle is defined in Recommendation ITU‑R M.1545 [X].
The applicability of each requirement is described under each sub-clause in [5.1, 6.1, 7.1 and 8.1].
4.2
Applicability of minimum requirements

The conducted minimum requirements specified in this specification shall be met in all applicable scenarios for FR1. The radiated minimum requirements specified in this specification shall be met in all applicable scenarios for FR2. The interwork minimum requirement specified in this specification shall be met in all applicable scenarios for NR interworking operation.
4.3
Specification suffix information

Unless stated otherwise the following suffixes are used for indicating at 2nd level subclause, shown in table 4.3-1.

Table 4.3-1: Definition of suffixes

	Clause suffix
	Variant

	None
	Single Carrier

	A
	Carrier Aggregation (CA)

	B
	Dual-Connectivity (DC)

	C
	Supplement Uplink (SUL)

	
	


A terminal which supports the above features needs to meet the requirement defined in the additional subclause (suffix A, B, C) in clauses 5, 6, 7, 8, 9, 10. 
4.4
Conducted requirements

4.4.1
Conducted requirement reference point
The reference point for SNR and Noc of DL signal is the UE antenna connector or connectors.
4.4.2
SNR definition
UE demodulation and CSI requirements define the SNR as:
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NRX denotes the number of receiver antenna connectors and the superscript receiver antenna connector j.
The above SNR definition assumes that the REs are not precoded, and does not account for any gain which can be associated to the precoding operation.
Es denotes the averaged received energy per resource element (EPRE) of the wanted signal. Unless otherwise stated, the SNR refers to the SSS wanted signal. The downlink SSS transmit power is defined as the linear average over the power contributions in [W] of all resource elements that carry the SSS within the operating system bandwidth.

The power ratio of other wanted signals to the SSS is defined in each requirement. 

Noc denotes the power spectral density of a white noise source, with average power per RE normalized to the subcarrier spacing.
4.4.3
Noc
Unless otherwise stated, the spectral density of Noc is [-142dBm/Hz].
4.5
Radiated requirements

4.5.1
Radiated requirement reference point
The reference point for SNR and Noc of DL signal from the UE perspective is the input of UE antenna array.
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Figure 4.5.1-1: Reference point for radiated Demodulation and CSI requirements
Radiated performance requirements are specified at the Reference point, with signal-to-noise ratio (SNR) 
SNRRP = SNRBB + ∆BB
where SNRBB is the baseband SNR level specified by the Minimum performance requirement in clause 7, 8, 9 and 10, and ∆BB is specified in clause 4.5.3.2. The noise spectral density for Noc is specified in Table 4.5.3.2-1.
4.5.2
SNR definition
UE demodulation and CSI requirements define the SNR as:
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NRX denotes the number of receiver reference points, and the super script receiver reference point j.
The above SNR definition assumes that the REs are not precoded, and does not account for any gain which can be associated to the precoding operation.
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 denotes the averaged received energy per resource element (EPRE) of the wanted signal. Unless otherwise stated, the SNR refers to the SSS wanted signal. The downlink SSS transmit power is defined as the linear average over the power contributions in [W] of all resource elements that carry the SSS within the operating system bandwidth.

The power ratio of other wanted signals to the SSS is defined in each requirement. 
Noc denotes the power spectral density of a white noise source, with average power per RE normalized to the subcarrier spacing.
4.5.3
Noc
4.5.3.1
Introduction
For radiated testing of demodulation and CSI requirements it is not feasible in practice to use signal levels high enough to make the noise contribution of the UE negligible. Demodulation requirements are therefore specified with the applied noise higher than the UE peak EIS level in TS 38.101-2 [TBD] by a defined amount, so that the impact of UE noise floor is limited to no greater than a value ∆BB at the specified Noc level. As UEs have EIS levels that are dependent on operating band and power class, Noc level is dependent on operating band and power class.
4.5.3.2
Noc for NR operating bands in FR2
Values for Noc according to operating band and power class for single carrier requirements are specified in Table 4.5.3.2-1 for ∆BB =1dB.
Table 4.5.3.2-1: Noc power level for different UE power classes and frequency bands
	Operating band
	UE Power class

	
	1
	2
	3
	4

	n257
	-166.8
	-163.8
	-157.6
	-166.3

	n258
	-166.8
	-163.8
	-157.6
	-166.3

	n260
	-163.8
	
	-155.0
	-164.3

	n261
	-166.8
	-163.8
	-157.6
	-166.3

	Note 1: Noc levels are specified in dBm/Hz


The handling of Carrier Aggregation is [FFS], and the handling of multi-band relaxation is [FFS].

4.5.3.3
Derivation of Noc values for NR operating bands in FR2
The Noc values in Table 4.5.3.2-1 are based on Refsens for the Operating band and on the UE Power class, and taking a baseline of UE Power class 3 in Band n260.

Spectral density of Noc = RefsensPC3, n260, 50MHz -10Log10(SCSRefsens x PRBRefsens x 12) - SNRRefsens + ∆thermal
where:

RefsensPC3, n260, 50MHz is the Refsens value in dBm specified for Power Class 3 in Band n260 for 50MHz Channel bandwidth in TS 38.101-2 [TBD] Table 7.3.2.3-1.
SCSRefsens is a subcarrier spacing associated with NRB for 50MHz in TS 38.101-2 [TBD] Table 5.3.2-1, chosen as 120kHz. 

PRBsRefsens is NRB associated with subcarrier spacing 120kHz for 50MHz in TS 38.101-2 [TBD] Table 5.3.2-1 and is 32.
12 is the number of subcarriers in a PRB

SNRRefsens is the SNR used for simulation of Refsens, and is -1dB 

∆thermal is the amount of dB that the wanted noise is set above UE thermal noise, giving a rise in total noise of ∆BB. ∆thermal is chosen as 6dB, giving a rise in total noise of 1dB.

The calculated Noc value for the baseline of UE Power class 3 in Band n260 in Group Y is rounded to -155dBm/Hz.
The following methodology to define the Noc level for operating band X (Band_X) and power class Y (PC_Y) is used for the single carrier case:

Noc(Band_X, PC_Y) = -155 dBm/Hz + RefsensPC_Y, Band_X, 50MHz – RefsensPC3, n260, 50MHz
4.5.4
Angle of arrival
Unless otherwise stated, the downlink signal and noise are aligned to arrive in the UE Rx beam peak direction as defined in TS 38.101-2 [TBD].
<< Unchanged sections omitted >>
7
Demodulation performance requirements (Radiated requirements)

7.1 
General

The parameters specified in Table 7.1-1 are valid for all PDSCH demodulation tests unless otherwise stated.

Table 7.1-1: Common Test Parameters

	Parameter
	Unit
	Value

	PDSCH transmission scheme
	
	Transmission scheme 1

	EPRE ratio of PTRS to PDSCH
	dB
	0

	DL BWP configuration #1
	Cyclic prefix
	
	Normal

	Common serving cell parameters
	Physical Cell ID
	
	0

	
	SSB position in burst
	
	1

	
	SSB periodicity
	ms
	20

	
	First DMRS position for Type A PDSCH mapping
	
	2

	PDCCH configuration
	Slots for PDCCH monitoring
	
	TBD

	
	Symbols with PDCCH
	
	0

	
	Number of PDCCH candidates and aggregation levels
	
	TBD

	
	DCI format
	
	TBD

	Cross carrier scheduling
	
	Not configured

	CSI-RS for tracking
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	0

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	CSI-RS resource 1: 4
CSI-RS resource 2: 8
CSI-RS resource 3: 4
CSI-RS resource 4: 8

	
	Number of CSI-RS ports (X)
	
	1

	
	CDM Type
	
	No CDM

	
	Density (ρ)
	
	3

	
	CSI-RS periodicity
	Slots
	160

	
	CSI-RS offset
	Slots
	80 for CSI-RS resource 1 and 2

81 for CSI-RS resource 3 and 4

	NZP CSI-RS for CSI acquisition
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	TBD

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	TBD

	
	Number of CSI-RS ports (X)
	
	TBD

	
	CDM Type
	
	TBD

	
	Density (ρ)
	
	TBD

	
	CSI-RS periodicity
	
	TBD

	
	CSI-RS offset
	
	TBD

	ZP CSI-RS for CSI acquisition
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	TBD

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	TBD

	
	Number of CSI-RS ports (X)
	
	TBD

	
	CDM Type
	
	TBD

	
	Density (ρ)
	
	TBD

	
	CSI-RS periodicity
	
	TBD

	
	CSI-RS offset
	
	TBD

	PTRS configuration
	Frequency density (KPT-RS)
	
	2

	
	Time density (LPT-RS)
	
	1

	Maximum number of code block groups for ACK/NACK feedback
	
	1

	Maximum number of HARQ transmission
	
	4

	HARQ ACK/NACK bundling
	
	Multiplexed

	Redundancy version coding sequence
	
	{0,2,3,1}

	Precoding configuration
	
	SP Type I, Random per slot with PRB bundling granularity

	Symbols for all unused REs
	
	OCNG in Annex A.5

	



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

7.2.2.2.1
Minimum requirements for PDSCH Mapping Type-A
For PDSCH Type-A scheduling, the requirements are specified in Table 7.2.2.2.1-3 and 7.2.2.2.1-4, with the addition of the parameters in Table 7.2.2.2.1-2 and the downlink physical channel setup according to Annex C.5.1. The purpose is to verify the performance of PDSCH Type-A scheduling.
The test purposes are specified in Table 7.2.2.1.1-1.
Table 7.2.2.1.1-1: Tests purpose

	Purpose
	Test index

	TBD
	TBD


Table 7.2.2.2.1-2: Test Parameters
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	100

	Duplex mode
	
	TDD

	Active DL BWP index
	
	1

	DL BWP configuration #1
	First PRB 
	
	0

	
	Number of contiguous PRB
	
	66

	
	Subcarrier spacing
	kHz
	120

	PDCCH configuration
	Number of PRBs in CORESET
	PRBs
	66

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	1

	
	Length (L)
	
	[13 for D slots 

9 for S slot in FR2.120-1

10 for S slot in FR2.120-2 and FR2.60-1]

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	TBD

	
	Resource allocation type
	
	Type 1

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Length
	
	Single-symbol DM-RS

	
	Antenna ports indexes
	
	{1000} for Rank1

{1000,1001} for Rank2

	
	Number of PDSCH DMRS CDM group(s) without data
	
	1

	Number of HARQ Processes
	
	8 for Test 1-1, 1-3, 2-2, 2-4

10 for Test 2-1, 2-3

16 for Test 1-2

	K1 value
(PDSCH-to-HARQ-timing-indicator)
	
	As defined in Annex A.1.3


Table 7.2.2.2.1-3: Minimum performance for Rank 1 (FRC)

	Test num.
	Reference channel
	Modulation
	TDD UL-DL pattern
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNRBB (dB)

	1-1
	TBD
	QPSK
	FR2.120-1
	[TDLA30-300]
	2x2 ULA Low
	70
	[TBD]

	1-2
	TBD
	16QAM
	FR2.120-1
	[TDLA30-300]
	2x2 ULA Low
	30
	[TBD]

	1-3
	TBD
	64QAM
	FR2.120-1
	[TDLA30-75]
	2x2 ULA Low
	70
	[TBD]

	


Table 7.2.2.2.1-4: Minimum performance for Rank 2 (FRC)

	Test num.
	Reference channel
	Modulation
	TDD UL-DL pattern
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNRBB (dB)

	2-1
	TBD
	QPSK
	FR2.120-2
	[TDLA30-75]
	2x2 ULA Low
	70
	[TBD]

	2-2
	TBD
	16QAM
	FR2.120-1
	[TDLA30-300]
	2x2 ULA Low
	70
	[TBD]

	2-3
	TBD
	16QAM
	FR2.120-2
	[TDLA30-75]
	[2x2 XP Med-A]
	70
	[TBD]

	2-4
	TBD
	64QAM
	[FR2.120-1]
	TBD
	2x2 ULA Low
	70
	[TBD]

	


7.3
PDCCH demodulation requirements
The receiver characteristics of the PDCCH are determined by the probability of miss-detection of the Downlink Scheduling Grant (Pm-dsg).
The parameters specified in Table 7.3-1 are valid for all PDCCH tests unless otherwise stated.
Table 7.3-1: Common test Parameters
	Parameter
	Unit
	Value

	DL BWP configuration #1
	Cyclic prefix
	
	Normal

	Common serving cell parameters
	Physical Cell ID
	
	0

	
	SSB position in burst
	
	1

	
	SSB periodicity
	ms
	20

	PDCCH configuration
	Slots for PDCCH monitoring
	
	TBD

	
	Number of PDCCH candidates
	
	TBD

	CSI-RS for tracking
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	0

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	CSI-RS resource 1: 4
CSI-RS resource 2: 8
CSI-RS resource 3: 4
CSI-RS resource 4: 8

	
	Number of CSI-RS ports (X)
	
	1

	
	CDM Type
	
	No CDM

	
	Density (ρ)
	
	3

	
	CSI-RS periodicity
	Slots
	160

	
	CSI-RS offset
	Slots
	80 for CSI-RS resource 1 and 2

81 for CSI-RS resource 3 and 4

	Precoding configuration
	
	SP Type I, Random per slot with REG bundling granularity for number of Tx larger than 1

	Symbols for all unused REs
	
	OCNG in Annex A.5


7.3.1
1RX requirements (Void)
7.3.2
2RX requirements
7.3.2.1
FDD (Void)

7.3.2.2
TDD
The parameters specified in Table 7.3.2.2-1 are valid for all TDD tests unless otherwise stated.
Table 7.3.2.2-1: Test Parameters
	Parameter
	Unit
	1 Tx Antenna
	2 Tx Antenna

	TDD UL-DL pattern
	
	FR2.120-1

	CCE to REG mapping type
	
	Interleaved

	REG bundle size 
	
	2 for test 1-1

6 for test 1-2
	2

	Interleaver size
	
	3 for test 1-1 
2 for test 1-2
	3

	Shift index
	
	0


7.3.2.2.1
1 Tx Antenna performances
For the parameters specified in Table 7.3.2.2-1, the average probability of a missed downlink scheduling grant (Pm-dsg) shall be below the specified value in Table 7.3.2.2.1-1. The downlink physical setup is in accordance with Annex C.5.1.
Table 7.3.2.2.1-1: Minimum performance requirements with 120 kHz SCS

	Test number
	Bandwidth
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	
	Pm-dsg (%)
	SNRBB (dB)

	1-1
	100 MHz
	60
	1
	2 CCE
	TBD
	TDLA30-75
	1x2 Low
	1
	TBD

	1-2
	100 MHz
	60
	1
	4 CCE
	TBD
	TDLA30-300
	1x2 Low
	1
	TBD


7.3.2.2.2
2 Tx Antenna performances
For the parameters specified in Table 7.3.2.2-1, the average probability of a missed downlink scheduling grant (Pm-dsg) shall be below the specified value in Table 7.3.2.2.2-1. The downlink physical setup is in accordance with Annex C.5.1.
Table 7.3.2.2.2-1: Minimum performance requirements with 120 kHz SCS

	Test number
	Bandwidth
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	
	Pm-dsg (%)
	SNRBB (dB)

	2-1
	100 MHz
	60
	1
	8 CCE
	TBD
	TDLA30-75
	2x2 Low
	1
	TBD


7.4 
PBCH demodulation requirements
7.4.1 
1RX requirements (Void)
7.4.2
2RX requirements
7.4.2.1
FDD (Void)

7.4.2.2
TDD
7.5 
Sustained downlink data rate provided by lower layers
8
CSI reporting requirements (Radiated requirements)

8.1 
General

This section includes radiated requirements for the reporting of channel state information (CSI). 
Parameters specified in Table 8.1-1 are applied for all test cases in this section unless otherwise stated.

Table 8.1-1: Test parameters for CSI test cases

	Parameter
	Unit
	Value

	PDSCH transmission scheme
	
	Transmission scheme 1

	Duplex Mode
	
	TDD

	EPRE ratio of PTRS to PDSCH
	dB
	TBD

	Active DL BWP index
	
	1

	Cyclic prefix
	
	Normal

	Common serving cell parameters
	Physical Cell ID
	
	0

	
	SSB position in burst
	
	First SSB in Slot #0

	
	SSB periodicity
	ms
	20

	PDCCH configuration
	Slots for PDCCH monitoring
	
	Each slot

	
	Symbols with PDCCH
	
	0,1

	
	Number of PDCCH candidates and aggregation levels
	
	TBD

	
	DCI format
	
	TBD

	Cross carrier scheduling
	
	Not configured

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	12

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	0

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	TBD

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Length
	
	Single-symbol DM-RS

	
	Number of PDSCH DMRS CDM group(s) without data
	
	2

	PTRS configuration
	Frequency density (KPT-RS)
	
	TBD

	
	Time density (LPT-RS)
	
	TBD

	CSI-RS for tracking
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	[0]

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	[4]

	
	Number of CSI-RS ports (X)
	
	1

	
	CDM Type
	
	No CDM

	
	Density (ρ)
	
	3

	
	CSI-RS periodicity
	slot
	120kHz SCS: 160

	
	CSI-RS offset
	slot
	      120 kHz SCS:

80 for CSI-RS resource 1 and 2

81 for CSI-RS resource 3 and 4

	Number of HARQ Processes
	
	8

	HARQ ACK/NACK bundling
	
	TBD

	Redundancy version coding sequence
	
	{0,2,3,1}

	K1 value
(PDSCH-to-HARQ-timing-indicator)
	
	TBD

	Symbols for unused REs
	
	OCNG as specified in A.5

	



8.2 
Reporting of Channel Quality Indicator (CQI)
<< End of text proposal >>
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