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1
Introduction

This contribution provides NR Sidelink enhancement operating RF requirmeents in Rel-17 based on analysed in discussion paper [1]. In this paper, we propose the detail RF requirements for intra-band con-current V2X operating UE. 
************* Start of the TP in subcluase 5 of TR 38.785 ***************
5
Leftover RF requirements
<Unchanged sections are omitted>

5.2
Intra-band V2X operation in a licensed band
5.2.1
Intra-band V2X operation scenarios and basic assumptions

For the intra-band V2X operation in licensed band, RAN4 agreed the prioritization on operating scenarios including TDM and FDM and baseline RF architecture as follow.

· 1st priority: TDM (Single RF chain for Tx as baseline)
· RAN4 allow TDM operation between spectrally partially used PC5 SL and Uu UL/DL operation in a licensed TDD band regardless of adjacent/ non-adjacent carrier
· 2nd priority: FDM with adjacent carrier (Separate RF chain as baseline)
· 3rd priority: FDM with non-adjacent carrier (Separate RF chain as baseline)
<Unchanged sections are omitted>

5.2.3
Intra-band V2X UE RF requirements for TDM operation
5.2.3.1 Intra-band V2X con-current operating bands
Intra-band V2X operation is designed to operate with NR Uu operation in TDM mode on the operating bands combinations listed in Table 5.2.3.1-1. 
Table 5.2.3.1-1: Intra-band V2X operating bands
	Intra-band V2X operating band Combination
	NR Band
	Interface

	V2X_n79-n791
	n79
	Uu

	
	n79
	PC5

	NOTE 1:
Only single switched sidelink or NR uplink/downlink is supported.


For the intra-band V2X service for TDM operation in same carrier or different carrier, the NR Uu operation meet the NR UE RF requirements and NR V2X UE meet the existing TS38.101-1 RF requirements in suffix E, respectively.
5.2.3.2
UE maximum output power for V2X

For intra-band contiguous V2X UE for TDM operation in licensed band, the allowed UE maximum output power is specified in Table 6.2.1-1 [2].

For intra-band non-contiguous V2X UE for TDM operation in licensed band, the allowed UE maximum output power is specified in Table 6.2.1-1 [2].

5.2.3.3 Additional Tx requirements for TDM operation

To decide the switching position for TDM operation in same/different carrier, RNA4 would be considered as following priority rule in TS38.321

- if both sl-PrioritizationThres and ul-PrioritizationThres are configured, the value of the priority of each NR SL and NR Uu is over the each threshold, then NR Uplink is high priority than NR SL transmission.

- if both sl-PrioritizationThres and ul-PrioritizationThres are configured, the value of the priority of each NR SL and NR Uu is lower the each threshold, NR Uplink is high priority than NR SL transmission.

- if both sl-PrioritizationThres and ul-PrioritizationThres are configured, the value of the priority of NR SL is lower the sl-PrioritizationThres and NR Uu is over the ul-PrioritizationThres, then NR uplink is high priority than NR SL transmission.

- if both sl-PrioritizationThres and ul-PrioritizationThres are configured, the value of the priority of NR SL is over the sl-PrioritizationThres and NR Uu is lower the ul-PrioritizationThres, then NR SL transmisison is high priority than NR uplink.

For the TDM operation in same carrier, transmit ON/OFF time mask is applied.
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Figure 5.2.3.3-1: ON/OFF Time mask for TDM operation in same carrier from NR Uu to NR SL in licensed band
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Figure 5.2.3.3-2: ON/OFF Time mask for TDM operation in same carrier from NR SL to NR Uu in licensed band (15kHz/30kHz SCS)
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Figure 5.2.3.3-3: ON/OFF Time mask for TDM operation in same carrier from NR SL to NR Uu in licensed band (60kHz SCS)

For the TDM operation in different carrier, the following transmit ON/OFF time masks are applied.
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Figure 5.2.3.3-4: ON/OFF Time mask for TDM operation in different carrier from NR SL/NR Uu to NR Uu/NR SL in licensed band

5.2.4
Intra-band V2X con-current UE RF requirements with adjacent channel for FDM operation
5.2.4.1 Intra-band V2X con-current operating bands
Intra-band NR V2X con-current operation is designed to operate concurrent with NR uplink/downlink on the operating bands combinations listed in Table 5.2.4.1-1.

Table 5.2.4.1-1: Intra-band V2X con-current operating bands
	Intra-band V2X con-current operating band Combination
	NR Band
	Interface

	V2X_n79-n79
	n79
	Uu

	
	n79
	PC5


5.2.4.2 Tx requirements for NR intra-band V2X con-current operation with adjacent channel
5.2.4.2.1
Maximum output power
The following NR intra-band V2X con-current operating UE’ Power Classes define the maximum output power for any transmission bandwidth within the channel bandwidth. The period of measurement shall be at least one sub frame (1ms).

Table 5.2.4.2.1-1: intra-band V2X contiguous con-current V2X UE Power Class

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

	…
	
	
	
	
	
	
	
	

	V2X_n79B
	
	
	
	
	23
	±2
	
	

	V2X_n79C
	
	
	
	
	23
	±2
	
	

	NOTE 1:
the intra-band contiguous con-current NR V2X operating band is used for NR V2X and NR Uu Service.

NOTE 2:
PPowerClass is the maximum UE power specified without taking into account the tolerance 


5.2.4.2.2
UE maximum output power reduction
The following assumption can serve as a starting point for MPR simulation assumptions as shown in Table 5.2.4.2.2-1 and Table 5.2.4.2.2-2.

Table 5.2.4.2.2-1: MPR simulation assumption for NR V2X intra-band contiguous con-current operation

	parameter
	Assumption

	center frequency
	4.5GHz (n79)

	Bandwidth
	10/20/30/40MHz for NR SL

10/20/40/60/80MHz for NR Uu

	Maximum output power
	26 dBm

	numerology
	15 kHz/30kHz/60kHz

	Modulation
	QPSK/16QAM/64QAM/256QAM

	Waveform
	CP-OFDM for NR SL

CP-OFDM or DFT-S-OFDM for NR Uu

	Carrier leakage
	25dBc

	IQ image
	25dBc

	CIM3
	45dBc or 60dBc

	PA calibration
	PA calibrated to deliver 30dBc ACLR for a fully allocated RBs in 20MHz QPSK DFT- S-OFDM waveform at 1 dB MPR.


For NR V2X intra-band contiguous con-current operation, simultaneous transmission of PUSCH/PUCCH and NR V2X’s PSCCH and PSSCH in the same sub-frame is supported. The following constraints in Table 5.2.4.2.2-2 can be assumed based on current RAN1’s agreement.

Table 5.2.4.2.2-2: NR V2X intra-band contiguous con-current operation UE’ MPR simulation assumptions
	Items
	Assumption

	Allowed sub-channel sizes for NR SL
	•
Support {10, 12, 15, 20, 25, 50, 75, 100} PRBs for possible sub-channel size.

	Allowed LCRB allocation for NR SL
	10,12,15,20,24,25,30,36,40,45,48,50,60,70,72,75,80,84,90,96,100,105,108,110,120,130,132,135,140,144,150,156,160,165,168,170,175,180,190,192,195,200,204,210,216.

No restriction of LCRB for NR Uu

	Regarding PSCCH / PSSCH multiplexing for NR SL
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	PSCCH size for NR SL
	10RB*3 Symbols

	PSD offset of X dB between PSCCH and PSSCH for NR SL
	0dB

	NOTE 1: If there is not indicate the detail parameters, then follow TR38.886 for NR SL operation. Also follow TS38.211/TS38.212/TS38.101-1 for NR Uu operation.


For simultaneous transmission of PSFCH transmission for V2X UE and PUSCH/PUCCH for NR Uu, RAN4 need further discussion how to apply the MPR requirements. 

For simultaneous transmission of S-SSB transmission for V2X UE and PUSCH/PUCCH for NR Uu, RAN4 need further discussion how to apply the MPR requirements.

5.2.4.2.3
UE maximum output power with additional requirements
[It will be further discussed based on regional regulatory requirements]

5.2.4.2.4
Configured transmitted power for intra-band con-current V2X operation

When a UE is configured for simultaneous NR V2X sidelink and NR uplink transmissions for intra-band con-current operation, the UE is allowed to set its configured maximum output power PCMAX,c,NR and PCMAX,c,V2X for the configured NR uplink carrier and the configured NR V2X carrier, respectively, and its total configured maximum output power PCMAX,c for serving cell c.
The configured maximum output power PCMAX c,NR(p) in slot p for the configured NR uplink carrier shall be set within the bounds:

PCMAX_L,c,NR (p) ≤  PCMAX,c,NR (p) ≤  PCMAX_H,c,NR (p)

where PCMAX_L,c,NR and PCMAX_H,c,NR are the limits for a serving cell c as specified in clause 6.2.4.

The configured maximum output power PCMAX c,V2X (q) in slot q for the configured NR V2X carrier shall be set within the bounds:

PCMAX,c,V2X (q) ≤  PCMAX_H,c,V2X (q)

where PCMAX_H,c,V2X is the limit as specified in clause 6.2E.4.

The total UE configured maximum output power PCMAX (p,q) in a slot p of NR uplink carrier and a slot q of NR V2X sidelink that overlap in time shall be set within the following bounds for synchronous and asynchronous operation unless stated otherwise:

PCMAX_L (p,q) ≤  PCMAX (p,q)  ≤  PCMAX_H (p,q)

with
PCMAX_L (p,q) =  PCMAX_L,c,NR (p)
PCMAX_H (p,q) = MIN{10 log10 [pCMAX_H,c,NR (p) + pCMAX_H,c,V2X (q)], PPowerClass,V2X}
where 
· pCMAX_H,c,V2X and pCMAX_H,c,NR are the limits PCMAX_H,c,V2X (q) and PCMAX_H,c,NR (p) expressed in linear scale;

· PPowerClass, V2X is the maximum intra-band V2X con-current UE power specified in Table 5.2.4.2.1-1 without taking into account the tolerance;

If the transmissions from NR uplink and NR sidelink do not overlap, then the complete clauses for configured transmitted power for NR uplink and NR sidelink respectively from their own specifications apply with the modifications specified above.
The measured total maximum output power PUMAX over both the NR uplink and NR V2X carriers is

PUMAX = 10 log10 [pUMAX,c,NR + pUMAX,c,V2X],
where pUMAX,c,NR  denotes the measured output power of serving cell c for the configured NR uplink carrier, and pUMAX,c,V2X  denotes the measured output power for the configured NR V2X carrier expressed in linear scale.

When an uplink slot of NR transmission p overlap with a physical channel q from the NR sidelink, then for PUMAX evaluation, the NR slot p is taken as reference period TREF and always considered as the reference measurement duration and the following rules are applicable.
PCMAX_L(p, q)   –  TLOW (PCMAX_L(p, q))  ≤  PUMAX  ≤  PCMAX_H(p, q)  + THIGH (PCMAX_H(p, q))

where PCMAX_L (p,q) and PCMAX_H (p,q) are the limits for the pair (p,q) and with the tolerances TLOW(PCMAX) and THIGH(PCMAX) for applicable values of PCMAX specified in Table 6.2A.4.1.1-1 in TS38.101-1. PCMAX_L may be modified for any overlapping portion of slots (p, q) and (p +1, q+1).
When an uplink slot of NR transmission p is different timing alignment with the transmission slot q of NR sidelink, the reference slot and PCMAX tolerance are determined as following rule
1.
If uplink carrier leads in time over q and the NR uplink transmission’ priority value is lower than ul-PrioritizationThres, the NR sidelink transmission’ priority value is larger than sl-PrioritizationThres, then q is the reference slot and the (p,q) and (p+1,q) pairs are considered for determining the PCMAX tolerance

2.
If uplink carrier leads in time over q and other priorty cases, slot p is the reference slot and the (p,q) and (p,q-1) pairs are considered for determining the PCMAX tolerance.

For the reference slot p duration when uplink carrier leads:

P'CMAX_L   = PCMAX_L (p)
P'CMAX_H  = MAX {PCMAX_H   (p,q-1) , PCMAX_H  (p,q)}

For the reference slot q duration when uplink carrier leads:

P'CMAX_L   = PCMAX_L (q)
P'CMAX_H  = MAX {PCMAX_H   (p,q) , PCMAX_H  (p+1,q)}

5.2.4.2.5

Minimum output power for intra-band con-current V2X operation
For intra-band con-current V2X operation UE, the minimum output power is defined per RAT and the requirement for NR uplink is specified in clause 6.3.1 in TS38.101-1 and the requirement for NR sidelink is specified in clause 6.3E.1 in TS38.101-1, respectively.

5.2.4.2.6

Transmit OFF power for intra-band con-current V2X operation

For intra-band con-current V2X operation UE, the minimum output power is defined per RAT when the transmitter is OFF on all component carriers. The requirement for NR uplink is specified in clause 6.3.2 in TS38.101-1 and the requirement for NR sidelink is specified in clause 6.3E.2 in TS38.101-1, respectively.

5.2.4.2.7

ON/OFF time mask for intra-band con-current V2X operation

For intra-band con-current V2X operation UE, the minimum output power is defined per RAT during the ON power period and the transient periods. The ON/OFF time mask specified in clause 6.3.3.1 in TS38.101-1 is applicable for NR uplink and the ON/OFF time mask in 6.3E.3.1 in TS38.101-1 is applicable for NR sidelink. The OFF period as specified in clause 6.3.3.1 in TS38.101-1 shall only be applicable for each component carrier when all the component carriers are OFF.

5.2.4.2.8

Power control for intra-band con-current V2X operation

5.2.4.2.8.1
Absolute power tolerance

The absolute power tolerance is the ability of the UE transmitter to set its initial output power to a specific value for the first sub-frame at the start of a contiguous transmission or non-contiguous transmission with a transmission gap on each active component carriers larger than 20ms. The requirement can be tested by time aligning any transmission gaps on the component carriers.

Minimum requirements

For intra-band con-current V2X operation, the absolute power control tolerance per RAT. The requirements in 6.3.4.2 in TS38.101-1 is applcable for NR uplink and the requirements in 6.3E.4.2 in TS38.101-1 is applicable for NR sidelink.
5.2.4.2.8.2
Relative power tolerance

Minimum requirements

For intra-band con-current V2X operation, the requirements specified in clause 6.3.4.1.2 in TS38.101-1 shall apply for the uplink in licensed band. There was no relative power tolerance for NR sidelink.
5.2.4.2.8.3
Aggregate power control tolerance

For intra-band V2X operation, the requirements specified in clause 6.3.4.1.3 in TS38.101-1 shall apply for the uplink in licensed band. There was no aggregated power tolerance for NR sidelink.
5.2.4.2.9

Transmit signal quality for intra-band con-current V2X operation

5.2.4.2.9.1
Frequecny error
For intra-band V2X operation, the UE modulated carrier frequencies per band shall be accurate to within ±0.1 PPM observed over a period of one timeslot compared to the carrier frequency of primary component carrier received in the corresponding band.
5.2.4.2.9.2
EVM

For the intra-band V2X operation, the Error Vector Magnitude requirement should be defined for RAT. Requirements only apply with PRB allocation in one of the component carriers. The requirements in 6.4A.2.1.1 in TS38.101-1 is applicable for both NR uplink and NR sidelink.
5.2.4.2.9.3
In-band emission

For intra-band V2X operation, the requirements in Table 6.4A.2.1.2-1 and 6.4A.2.1.2-2 in TS38.101-1 apply within the aggregated transmission bandwidth configuration with both component carrier (s) active and one single contiguous PRB allocation of bandwidth 
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 at the edge of the aggregated transmission bandwidth configuration.

5.2.4.2.9.4
Carrier leakage

For intra-band V2X operation, the requirements in Table 6.4A.2.1.3-1 in TS38.101-1 applied with applicable frequencies dependent on parameter txDirectCurrentLocation in UplinkTxDirectCurrent IE indicated in active uplink carrier(s).
5.2.4.2.9.5
EVM equalizer spectrum flatness

For intra-band V2X operation, the EVM equalizer spectrum flatness is applied for RAT. The requirement in 6.4.2.4 in TS38.101-1 is applicable for NR uplink and requirement in 6.4E.2.5 in TS38.101-1 is applicable for NR sidelink.
5.2.4.2.10

Spectrum emission mask for intra-band con-current V2X operation

5.2.4.2.10.1
SEM for intra-band contiguous class C

For intra-band V2X operation, the spectrum emission mask of the UE applies to frequencies (ΔfOOB) starting from the ( edge of the aggregated channel bandwidth. The power of any UE emission shall not exceed the levels specified in Table 6.5A.2.2.1-1 in TS38.101-1.
5.2.4.2.11

ACLR requirements for intra-band con-current V2X operation

For intra-band V2X operation, the Adjacent Channel Leakage power Ratio is the ratio of the filtered mean power centred on the aggregated channel bandwidth to the filtered mean power centred on an adjacent aggregated channel bandwidth at nominal channel spacing. The assigned aggregated channel bandwidth power and adjacent aggregated channel bandwidth power are measured with rectangular filters with measurement bandwidths specified in Table 6.5A.2.4.1.1-1 in TS38.101-1. If the measured adjacent channel power is greater than –50dBm then the NRACLR shall be higher than the value specified in Table 6.5A.2.4.1.1-1 in TS38.101-1.

5.2.4.2.12

Spurious emission for intra-band con-current V2X operation

For intra-band V2X operation, the spurious emission limits apply for the frequency ranges that are more than FOOB (MHz) in Table 6.5A.3.1-1 in TS38.101-1 from the edge of the aggregated channel bandwidth. For frequencies ΔfOOB greater than FOOB as specified in Table 6.5A.3.1-1 in TS38.101-1 the spurious emission requirements in Table 6.5.3.1-2 in TS38.101-1 are applicable.
5.2.4.2.13

Spurious emission band UE co-existence for intra-band con-current V2X operation

For intra-band V2X operation, the spurious emission band UE co-existence requirements in Table 6.5A.3.2.1-1 in TS38.101-1 are applicable.
5.2.4.2.14

Transmit intermodulation for intra-band con-current V2X operation

For intra-band V2Xoperation, the requirement of transmitting intermodulation is specified in Table 6.5A.4.2.1-1 in TS38.101-1.

5.2.4.3  Rx requirements for NR intra-band V2X con-current operation with adjacent channel
5.2.4.3.1 Reference sensitivity power level

For the intra-band V2X operation, the reference sensitivity power level is applied per RAT. The requirements in Table 5.2.4.3.1-1 is applicable for both NR downlink and NR sidelink.NR V2X sidelink throughput for the carrier shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.7.2 in TS38.101-1. Also the NR downlink throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.3 in TS38.101-1.
Table 5.2.4.3.1-1: Reference sensitivity for intra-band con-current V2X operating Band
	Intra-band con-current V2X Band
	NR Operating band / SCS / Channel bandwidth / Duplex-mode

	NR V2X Band (PC5)
	NR Band (Uu)
	NR  Band
	SCS

kHz
	10MHz

(dBm)
	20MHz

(dBm)
	30MHz

(dBm)
	40MHz

(dBm)
	50MHz

(dBm)
	60MHz

(dBm)
	80MHz

(dBm)
	100MHz

(dBm)
	Duplex Mode

	n79
	n79
	n79
	15
	N/A
	N/A
	N/A
	-89.6
	-88.6
	N/A
	N/A
	N/A
	TDD (Uu)

	
	
	
	30
	N/A
	N/A
	N/A
	-89.7
	-88.7
	-87.9
	-86.6
	-85.6
	

	
	
	
	60
	N/A
	N/A
	N/A
	-89.9
	-88.8
	-88.0
	-86.7
	-85.7
	

	
	
	n79
	15
	-95.5
	-92.2
	-90.4
	-89.1
	N/A
	N/A
	N/A
	N/A
	HD (PC5)

	
	
	
	30
	-95.1
	-92.4
	-90.7
	-89.2
	N/A
	N/A
	N/A
	N/A
	

	
	
	
	60
	-95.9
	-92.1
	-90.9
	-89.4
	N/A
	N/A
	N/A
	N/A
	


Table 5.2.4.3.1-2: UL configuration for REFSENS for intra-band con-current V2X operating Band (PC5)
	Intra-band con-current V2X Band
	NR operating Band / SCS/ Channel bandwidth / NRB / Duplex mode

	NR V2X Band (PC5)
	NR band (Uu)
	UL band (Uu)
	SCS (kHz)
	10 MHz
(dBm)
	20 MHz
(dBm)
	30 MHz
(dBm)
	40 MHz
(dBm)
	50MHz

(dBm)
	60MHz

(dBm)
	80MHz

(dBm)
	100MHz

(dBm)
	Duplex Mode

	n79
	n79
	n79
	15
	N/A
	N/A
	N/A
	216
	270
	N/A
	N/A
	N/A
	TDD (Uu)

	
	
	
	30
	N/A
	N/A
	N/A
	100
	128
	162
	216
	270
	

	
	
	
	60
	N/A
	N/A
	N/A
	50
	64
	75
	100
	135
	


Table 5.2.4.3.1-3: SL Tx configuration for REFSENS for intra-band con-current V2X operating Band (Uu)
	Intra-band con-current V2X Band
	NR operating Band / SCS/ Channel bandwidth / NRB / Duplex mode

	NR V2X Band (PC5)
	NR band (Uu)
	V2X band (PC5)
	SCS (kHz)
	10 MHz
(dBm)
	20 MHz
(dBm)
	30 MHz
(dBm)
	40 MHz
(dBm)
	50MHz

(dBm)
	60MHz

(dBm)
	80MHz

(dBm)
	100MHz

(dBm)
	Duplex Mode

	n79
	n79
	n79
	15
	50
	105
	160
	216
	N/A
	N/A
	N/A
	N/A
	HD (PC5)

	
	
	
	30
	24
	50
	75
	105
	N/A
	N/A
	N/A
	N/A
	

	
	
	
	60
	10
	24
	36
	50
	N/A
	N/A
	N/A
	N/A
	


5.2.4.3.2 Maximum input level 

For intra-band V2X operation, the maximum input level in Table 7.4A.1-1 in TS38.101-1 is applied which is defined as the maximum mean power received at the UE antenna port, over the Transmission bandwidth configuration of each CC. 
5.2.4.3.3 Adjacent channel selectivity

For intra-band V2X operation, SL carrier is configured with nominal channel spacing to the NR downlink carrier. The minimum requirement specified in Table 7.5A.1-1 and 7.5A.1-1a in TS38.101-1 is applicable to intra-band V2X operation.
5.2.4.3.4 Blocking characteristics

5.2.4.3.4.1
In-band blocking requirements
For intra-band V2X operation, SL carrier is configured with nominal channel spacing to the NR downlink carrier. The minimum requirement specified in Table 7.6A.2.1-1 and 7.6A.2.1-1a in TS38.101-1 is applicable to intra-band V2X operation.
5.2.4.3.4.2
Out-of-band blocking requirements
For intra-band V2X operation, SL carrier is configured with nominal channel spacing to the NR downlink carrier. The minimum requirement specified in Table 7.6A.3-1 in TS38.101-1 is applicable to intra-band V2X operation.
5.2.4.3.4.3
Narrow band blocking requirements
For intra-band V2X operation, SL carrier is configured with nominal channel spacing to the NR downlink carrier. The minimum requirement specified in Table 7.6A.4.1-1 in TS38.101-1 is applicable to intra-band V2X operation in NR band n1,n41,n66, n71, n48 abd n40. Other band are not applicable for narrow band blocking requirements.
5.2.4.3.5 Spurious response
For intra-band V2X operation, SL carrier is configured with nominal channel spacing to the NR downlink carrier. The minimum requirement specified in Table 7.7A-1 and Table 7.7A-2 in TS38.101-1 are applicable to intra-band V2X operation.
5.2.4.3.6 Wide band intermodulation

For intra-band V2X operation, SL carrier is configured with nominal channel spacing to the NR downlink carrier. The minimum requirement specified in Table 7.8A.2.1-1 and Table 7.8A-2.1-2 in TS38.101-1 are applicable to intra-band V2X operation.
<End of Changed>
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