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1
Introduction

This contribution provides RF requirmeents for public safety service with sidelink operation in n14 for NR sidelink enhancement WI in Rel-17. In this paper, we propose the detail RF requirements for PS service UE in n14. 
************* Start of the TP in subcluase 5 of TR 38.785 ***************
8
Transmitter/Receiver characteristics for SL enhancement
8.1
SL enhancement UE Tx requirements

8.1.1 
UE maximum output power
When NR Public Safety (PS) UE is configured for NR PS sidelink transmissions non-concurrent with NR uplink transmissions for NR V2X operating bands specified in Table 7.1.1-1, the allowed NR PS UE maximum output power shall meet the existing NR Uu maximum output power which was specified in Table 6.2.1-1 in TS38.101-1.
Table 8.1.1-1: Power Class

	NR

band
	Class 1 (dBm)
	Tolerance (dB)
	Class 1.5 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)

	n14
	311
	+2/-3
	
	
	
	
	23
	±2

	NOTE 1:
Generally, PC1 UE for Band n14 is not targeted for smartphone form factor. The UE power class 1 requirements for Band n14 are applicable for public safety scenario only.


For NR PS UE supporting SL MIMO, the maximum output power requirements in Table 8.1.1-2 shall be met with the SL MIMO configurations specified in Table 6.2D.1-2 in TS38.101-1. The maximum output power is defined as the sum of the maximum output power from each UE antenna connector. The period of measurement shall be at least one sub frame (1 ms).

Table 8.1.1-2: UE Power Class for SL-MIMO

	NR band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	n14
	31
	+2/-3
	
	
	23
	+2/-3
	
	


If the UE transmits on one antenna connector at a time, the requirements in Table 8.1.1-1 shall apply to the active antenna connector.
8.1.2
UE maximum output power reduction
When NR Public Safety (PS) UE is configured for NR PS sidelink transmissions non-concurrent with NR uplink transmissions for NR V2X operating bands specified in Table 7.1.1-1, the allowed NR PS UE maximum output power reduction for both PC1 and PC3 PS UE shall meet the existing NR V2X MPR requirements for contiguous allocation of PSCCH and PSSCH simultaneous transmission which were specified in clause 6.2E.2 in TS38.101-1.
Table 8.1.2-1 Maximum power reduction (MPR) for contiguous allocation of PSCCH and PSSCH simultaneous transmission for both power class 3 and power class 1
	Modulation
	Channel bandwidth/MPR (dB)

	
	Outer RB allocations
	Inner RB allocations

	CP-OFDM
	QPSK
	≤ 4.5
	≤ 2.5

	
	16QAM
	≤ 4.5
	≤ 2.5

	
	64 QAM
	≤ 4.5

	
	256 QAM
	≤ 7.0


For PSFCH with single RB transmission for both PC3 and PC1 NR PS UE, the existing PC3 NR V2X MPR requirements will be applied as follow

MPR_PSFCH =  3.5 dB

For contiguous and non-contiguous allocation for simultaneous PSFCH transmission for both PC3 and PC1 NR PS UE, the existing PC3 NR V2X MPR requirements will be applied as follow
MPR_PSFCH = CEIL {MA_PSFCH, 0.5}
Where MA_PSFCH is defined as follows
MA_PSFCH =
7.5

; 0.00< NGap/NRB ≤ 0.55
=    12.0
; 0.55< NGap/NRB ≤1.0
Where, 

NGap is the gap RB amount between RBstart and RBend for contiguous and non-contiguous allocation simultaneous PSFCH transmission. (NGap = RBend - RBstart)
CEIL{MA, 0.5} means rounding upwards to closest 0.5dB.
For S-SSB transmission for both PC3 and PC1 NR PS UE, the existing PC3 NR V2X MPR requirements will be applied as follow.

Table 8.1.2-2 Maximum power reduction (MPR) for S-SSB transmission for both power class 3 and power class 1
	Channel
	MPRS-SSB (dB)

	
	Outer RB allocations
	Inner RB allocations

	S-SSB
	≤ 6.0
	≤ 2.5


8.1.3
UE additional maximum output power reduction

When NR Public Safety (PS) UE is configured for NR PS sidelink transmissions non-concurrent with NR uplink transmissions for NR V2X operating bands specified in Table 7.1.1-1, the allowed NR PS UE additional MPR shall meet the existing NR Uu MPR requirements which were specified in clause 6.2.3 in TS38.101-1.
The required additional SEM levels are shown in Table 8.1.3-1
Table 8.1.3-1: Additional requirements for n14
	ΔfOOB
(MHz)
	Channel bandwidth (MHz) / Spectrum emission limit (dBm)
	Measurement
bandwidth

	
	5
	10
	15
	

	± 0 – 0.1
	-15
	-18
	-20
	30 kHz

	± 0.1 – 1
	-13
	-13
	-13
	100 kHz

	± 1 – 6
	-13
	-13
	-13
	1 MHz

	± 6 – 10
	-25
	
	
	

	± 10 – 15
	
	-25
	
	

	± 15 – 20
	
	
	-25
	


Table 8.1.3-2: Additional maximum power reduction (A-MPR)
	Network signalling label
	Requirements (clause)
	NR Band
	Channel bandwidth (MHz)
	Resources blocks (NRB)
	A-MPR (dB)

	NS_01
	
	Table 5.2-1
	5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	Table 5.3.2-1 in TS38.101-1
	N/A

	NS_06
	Table 8.1.3-1
	n12, n85
	5, 10, 15
	Table 5.3.2-1 in TS38.101-1
	N/A

	
	
	n14
	5,10
	
	


Table 8.1.3-3: Mapping of network signalling label

	NR band
	Value of additionalSpectrumEmission

	
	0
	1
	2
	3
	4
	5
	6
	7

	n14
	NS_01
	NS_06
	
	
	
	
	
	


8.1.4
Configured transmitted power
When NR Public Safety (PS) UE is configured for NR PS sidelink transmissions non-concurrent with NR uplink transmissions for NR V2X operating bands specified in Table 7.1.1-1, the configured Tx power of NR PS UE shall meet the existing NR V2X requirements which were specified in clause 6.2E.4 in TS38.101-1.
8.1.5
Minimum output power

When NR Public Safety (PS) UE is configured for NR PS sidelink transmissions non-concurrent with NR uplink transmissions for NR V2X operating bands specified in Table 7.1.1-1, the minimum output power of NR PS UE shall meet the existing NR V2X requirements which were specified in clause 6.3E.1 in TS38.101-1.
Table 8.1.5.1: Minimum output power

	Channel bandwidth

(MHz)
	Minimum output power

(dBm)
	Measurement bandwidth

(MHz)

	5
	-30
	4.515

	10
	-30
	9.375


8.1.6
Transmit OFF power

When NR Public Safety (PS) UE is configured for NR PS sidelink transmissions non-concurrent with NR uplink transmissions for NR V2X operating bands specified in Table 7.1.1-1, the transmit OFF power of NR PS UE shall meet the existing NR Uu requirements which were specified in clause 6.3.2 in TS38.101-1.
Table 8.1.6-1: Transmit OFF power

	Channel bandwidth

(MHz)
	Transmit OFF power

(dBm)
	Measurement bandwidth

(MHz)

	5
	-50
	4.515

	10
	-50
	9.375


8.1.7
Transmit ON/OFF time mask
When NR Public Safety (PS) UE is configured for NR PS sidelink transmissions non-concurrent with NR uplink transmissions for NR V2X operating bands specified in Table 7.1.1-1, the transmit ON/OFF time mask for NR PS UE shall meet the existing NR V2X requirements which were specified in clause 6.3E.3 in TS38.101-1.
8.1.8
Power control

When NR Public Safety (PS) UE is configured for NR PS sidelink transmissions non-concurrent with NR uplink transmissions for NR V2X operating bands specified in Table 7.1.1-1, the power control for NR PS UE shall meet the existing NR V2X requirements which were specified in clause 6.3E.4 in TS38.101-1.
8.1.9
Frequency error
When NR Public Safety (PS) UE is configured for NR PS sidelink transmissions non-concurrent with NR uplink transmissions for NR V2X operating bands specified in Table 7.1.1-1, the frequency error by 3 reference sources (gNB, NR SL UE and GNSS) for NR PS UE shall meet the existing NR V2X requirements which were specified in clause 6.4E.1 in TS38.101-1.
8.1.10
Transmit modulation quality
When NR Public Safety (PS) UE is configured for NR PS sidelink transmissions non-concurrent with NR uplink transmissions for NR V2X operating bands specified in Table 7.1.1-1, the transmit modulation quality (EVM, carrier leakage, in-band emission and EVM equalizer spectrum flatness) for NR PS UE shall meet the existing NR Uu requirements which were specified in clause 6.4.2 in TS38.101-1.
8.1.11
Occupied bandwidth
When NR Public Safety (PS) UE is configured for NR PS sidelink transmissions non-concurrent with NR uplink transmissions for NR V2X operating bands specified in Table 7.1.1-1, the occupied bandwidth for NR PS UE shall meet the existing NR Uu requirements which were specified in clause 6.5.1 in TS38.101-1.
8.1.12
Out of band emission
When NR Public Safety (PS) UE is configured for NR PS sidelink transmissions non-concurrent with NR uplink transmissions for NR V2X operating bands specified in Table 7.1.1-1, the out-of band emission requirements for NR PS UE shall meet the existing NR Uu requirements which were specified in clause 6.5.2 in TS38.101-1.
8.1.12.1
SEM
The general SEM requirements for NR Uu in clause 6.5.2.2 in TS38.101-1 shall be applied for NR PS UE.
8.1.12.2
A-SEM
The additional spectrum emission requirements for NR Uu in clause 6.5.2.3.4 in TS38.101-1 according to the PS UE operating bands specified in Table 7.1.1-1 shall be applied.

When "NS_06" is indicated by serving cell or pre-configured radio parameters, the power of any PS UE emission shall not exceed the levels specified in Table 8.1.3.1.

8.1.12.3
ACLR
The NR ACLR requirements for NR Uu in clause 6.5.2.4 in TS38.101-1 shall be applied for NR PS UE.
Table 8.1.12.3-1: NR ACLR measurement bandwidth

	Channel bandwidth
	(MHz)
	5,10,15,20,25,30,35,40,45,50
	60,70,80,90,100

	REF_SCS
	(kHz)
	15
	30

	NR ACLR measurement bandwidth
	(MHz)
	MBW=REF_SCS*(12*NRB+1)/1000


Table 8.1.12.3-2: NR ACLR requirement

	
	Power class 11
	Power class 1.5
	Power class 2
	Power class 3

	NR ACLR
	37 dB1
	31 dB
	31 dB
	30 dB

	NOTE 1:
Applicable for power class 1 PS UE operating in Band n14.


8.1.13
Spurious Emission
8.1.13.1
General spurious emissions
When NR Public Safety (PS) UE is configured for NR PS sidelink transmissions non-concurrent with NR uplink transmissions for NR V2X operating bands specified in Table 7.1.1-1, the general spurious emission requirements for NR PS UE shall meet the existing NR Uu requirements which were specified in clause 6.5.3.1 in TS38.101-1.
8.1.13.2
Spurious emissions for UE co-existence
When NR Public Safety (PS) UE is configured for NR PS sidelink transmissions non-concurrent with NR uplink transmissions for NR V2X operating bands specified in Table 7.1.1-1, the spurious emission for UE-coexistence requirements for NR PS UE shall meet the existing NR Uu requirements which were specified in clause 6.5.3.2 in TS38.101-1.
Table 8.1.13.2-1: UE-coexistence requirements
	NR Band
	Spurious emission for UE co-existence

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	n14
	E-UTRA Band 2, 4, 5,  12, 13, 14, 17, 23, 24, 25, 26, 27, 29, 30, 41, 48, 53, 66, 70, 71, 85
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	NR Band n77
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	Frequency range
	769
	-
	775
	-35
	0.00625
	12, 15

	
	Frequency range
	799
	-
	805
	-35
	0.00625
	12, 15

	NOTE 2:
As exceptions, measurements with a level up to the applicable requirements defined in Table 6.5.3.1-2 are permitted for each assigned NR carrier used in the measurement due to 2nd, 3rd, 4th or 5th harmonic spurious emissions. Due to spreading of the harmonic emission the exception is also allowed for the first 1 MHz frequency range immediately outside the harmonic emission on both sides of the harmonic emission. This results in an overall exception interval centred at the harmonic emission of (2 MHz + N x LCRB x RBsize kHz), where N is 2, 3, 4, 5 for the 2nd, 3rd, 4th or 5th harmonic respectively. The exception is allowed if the measurement bandwidth (MBW) totally or partially overlaps the overall exception interval.

NOTE 12:
The emissions measurement shall be sufficiently power averaged to ensure a standard deviation < 0.5 dB

NOTE 15:
These requirements also apply for the frequency ranges that are less than FOOB (MHz) in Table 6.5.3.1-1 from the edge of the channel bandwidth.


8.1.13.3
Additional spurious emissions requirements
When NR Public Safety (PS) UE is configured for NR PS sidelink transmissions non-concurrent with NR uplink transmissions for NR V2X operating bands specified in Table 7.1.1-1, the additional spurious emission requirements for NR PS UE shall meet the existing NR Uu requirements which were specified in clause 6.5.3.3 in TS38.101-1.
8.1.14
Transmit intermodulation

When NR Public Safety (PS) UE is configured for NR PS sidelink transmissions non-concurrent with NR uplink transmissions for NR V2X operating bands specified in Table 7.1.1-1, the transmit intermodulation requirements for NR PS UE shall meet the existing NR Uu requirements which were specified in clause 6.5.4 in TS38.101-1.
8.1.15
Time Alignment Error

When NR Public Safety (PS) UE is configured for NR PS sidelink transmissions non-concurrent with NR uplink transmissions for NR V2X operating bands specified in Table 7.1.1-1, the time alginement error requirement for NR PS UE shall meet the existing NR V2X requirements which were specified in clause 6.6E in TS38.101-1.
8.2
SL enhancement UE Rx requirements

<Unchanged sections are omitted>

8.2.2 Maximum input level

Maximum input level is defined as the maximum mean power received at the UE antenna port, at which the specified relative throughput shall meet or exceed the minimum requirements for the specified reference measurement channel. The maximum input levels for NR SL enhancement are specified in Table 8.2.2-1.

Table 8.2.2-1: Maximum input level for  NR SL enhancement
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	5 MHz
	10 MHz
	20 MHz
	30 MHz
	40 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	-251
	-251
	
	
	

	
	
	-272
	-272
	
	
	

	NOTE 1:
Reference measurement channel is A.7.3 for 64QAM.
NOTE 2:
Reference measurement channel is A.7.4 for 256QAM.


8.2.4.2 Out-of-band blocking

Out-of-band band blocking in existing specification for licensed bands is defined for an unwanted CW interfering signal falling more than 30 MHz below or above the UE receive band. For the first 15 MHz below or above the UE receive band the appropriate in-band blocking or adjacent channel selectivity shall be applied.

For NR SL enhancement, RAN4 reuse the out-of-band blocking requirements for NR Uu as shown in Table 8.2.4.2-1 and Table 8.2.4.2-2.
Table 8.2.4.2-1: Out-of-band blocking parameters for NR SL enhancement
	RX parameter
	Units
	Channel bandwidth

	
	
	5 MHz
	10 MHz
	20 MHz
	30 MHz
	40 MHz

	Power in transmission bandwidth configuration
	dBm
	PREFSENS_V2X + channel bandwidth specific value below

	
	dB
	6
	6
	
	
	

	NOTE:
Reference measurement channel is A.7.2.


Table 8.2.4.2-2: Out of band blocking for NR SL enhancement
	NR band
	Parameter
	Units
	Range 1
	Range 2
	Range 3

	n14
	Pinterferer
	dBm
	-44
	-30
	-15

	
	Finterferer (CW)
	MHz
	-60 < f – FDL_low < -15

or

15 < f – FDL_high < 60
	-85 < f – FDL_low ≤ -60

or

60 ≤ f – FDL_high < 85
	1 ≤ f ≤ FDL_low – 85

or

FDL_high + 85 ≤ f

≤ 12750

	NOTE 1:
The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm for FInterferer > 4400 MHz.


8.2.5
Spurious response

Spurious response is a measure of the receiver's ability to receive a wanted signal on its assigned channel frequency without exceeding a given degradation due to the presence of an unwanted CW interfering signal at any other frequency at which a response is obtained.
For NR SL enhancement, RAN4 reuse the spurious response for NR Uu as shown in Table 8.2.5-1 and Table 8.2.5-2.
Table 8.2.5-1: Spurious response parameters for NR SL enhancement
	RX parameter
	Units
	Channel bandwidth

	
	
	5 MHz
	10 MHz
	20 MHz
	30 MHz
	40 MHz

	Power in transmission bandwidth configuration
	dBm
	PREFSENS_V2X + channel bandwidth specific value below

	
	dB
	6
	6
	
	
	

	NOTE 1:
Reference measurement channel is A.7.2


Table 8.2.5-2: Spurious response for NR SL enhancement
	Parameter
	Unit
	Level

	PInterferer  (CW)
	dBm
	-44

	FInterferer
	MHz
	Spurious response frequencies


8.2.6 Intermodulation characteristics

Intermodulation response rejection is a measure of the capability of the receiver to receive a wanted signal on its assigned channel frequency in the presence of two or more interfering signals which have a specific frequency relationship to the wanted signal. The wide band intermodulation requirement is defined using modulated NR carrier and CW signal as interferer.
For NR SL enhancement, RAN4 reuse the intermodulation characteristics for NR Uu as shown in Table 8.2.6-1. 
Table 8.2.6-1: Wide band intermodulation for NR SL enhancement
	NR band
	Rx parameter
	Units
	Channel bandwidth

	
	
	
	5 MHz
	10 MHz
	20 MHz
	30 MHz
	40 MHz

	n14
	Power in Transmission Bandwidth Configuration
	dBm
	PREFSENS_V2X + channel bandwidth specific value below

	
	
	
	6
	6
	
	
	

	
	PInterferer 1 (CW)
	dBm
	-46

	
	PInterferer 2 (Modulated)
	dBm
	-46

	
	BWInterferer 2
	MHz
	5MHz

	
	FInterferer 1  (Offset)
	MHz
	-BW/2 – 7.5

/

+BW/2 + 7.5

	
	FInterferer 2  (Offset)
	MHz
	2 * FInterferer 1

	NOTE 1:
Reference measurement channel is A.7.2.
NOTE 2:
The interferer is QPSK modulated PSSCH containing data and reference symbols. Normal cyclic prefix is used.


<End of Changed>

