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1. Introduction
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]In this text proposal, some editorial changes were made on the latest version of TR 38.785[1].
2. Reference
[1] TR 38.785 V0.3.0
Annex: TP for channel arrangement in TR38.785
[bookmark: _Hlk85732518]============================ Start of TP ============================
[bookmark: _Toc36034745][bookmark: _Toc42537340][bookmark: _Toc46356405][bookmark: _Toc52566319][bookmark: _Toc72931406][bookmark: _Toc73026071][bookmark: _Toc80918154][bookmark: _Toc460003545][bookmark: _Toc72931407][bookmark: _Toc73026072][bookmark: _Toc80918155]4.3	NR sidelink enhancement operating scenarios
4.3.1	General description
The NR Sidelink enhancement operating scenarios will be decribeddescribed to support advanced V2X services, public safety services and other commercial use cases based on agreed WID. RAN4 needs to enhance RF core requirements based on operating scenarios in Rel-16 NR V2X service and the Proximity service (ProSe) in TR 36.877.
Specifically, RAN4 did not complete some open issues in Rel-16 NR V2X, which include:
· [bookmark: MCCQCTEMPBM_00000045]TxD for NR V2X
· PC2 HPUE for NR V2X
· Intra-band V2X operation for TDD band, e.g. band n79k
· Intra-band con-current V2X operation for TDD band, e.g. band n79
 The left over items will be further studied and specified into the related RF requirements in this TR.
From RAN4 RF perspective, it is necessary to study coexistence before introducing the new frequency NR band to support NR sidelink enhancement operating at a frequency adjacent to NR Uu service for advanced V2X services, public safety services and other commercial use cases in licensed spectrum.
In RAN4 #98-e meeting, RAN4 agreed not to introduce a new band for NR sidelink in FR2 since no operator proposed a FR2 NR operating band for NR sidelink.
Hence, RAN4 need to study and specify the RF core requirements for NR sidelink enhancement only in FR1 in Rel-17.

[bookmark: _Toc72931408][bookmark: _Toc73026073][bookmark: _Toc80918156]4.3.2	Operation Aspects
Operating scenarios for NR sidelink enhancement WI are as follows:
· [bookmark: MCCQCTEMPBM_00000044](Aspect 1) SL services and Operating band perspectives
· Case 1: Public Safety Service
· Case 1A: Dedicated public safety licensed band such as NR Band n14
· Public safety UE only operated in both in-coverage and out-of NW coverageout-of-coverage.
· Case 1B: Dedicated public safety licensed band in other licensed bands (depends on inputs from operators)
· Public safety UE operated in both in-NW coveragein-coverage and out-of-NW coverageout-of-coverage.

· Case 2: NR V2X service
· Case 2A: V2X UE in ITS spectrum (e.g. 5.9GHz (n47))
· RAN4 already evaluated in ITS spectrum in Rel-16 NR V2X WI
· Case 2B: V2X UE in FR1 licensed bands (e.g. 4.5GHz(TDD), 2GHz(FDD))
· TDD coexistence evaluated in Rel-16 NR V2X WI
· FDD coexistence need to evaluated to protect legacy system (depends on inputs on operating band from operators)

· [bookmark: MCCQCTEMPBM_00000043]Case 3: Other commercial use cases (depends on inputs from operators and other WGs)
· Basic operation can be performed in existing NR SL operating bands.
· If specific operating band is requested, need to add a new operating band in suffix E in TS38.101-1.

· (Aspect 2) gNB deployment including network control possibility
· Case 1: Public safety Service
· Case 1A: gNB is not deployed  since only public safety UE operated in out-of-coverage in licensed band such as n14
· Case 1B: gNB is deployed to support both legacy NR UE and public safety UE
· Public safety UE needs to protect the legacy NR system

· Case 2: NR V2X service
· Case 2A: No gNB deployment scenarios based on semi-statically network-configured/pre-configured radio parameters 
· Support UE autonomous resource allocation, at least mode 2.
· Case 2B: gNB deployment scenarios 
· Providing more UE specific or/and more dynamic resource allocation including Mode 1.

· Case 3: Other commercial use cases
· Basic NR sidelink operation can support both in-coverage network and out-of-coverage NW scenarios. 
· If identified, RAN4 need to add new operating scenarios

RAN4 shall consider exact deployment scenarios and operating band planning for public saftetysafety service, NR V2X service and other commercial SL operation.
===========================Unchanged parts omitted============================
[bookmark: _Toc72931422][bookmark: _Toc73026087][bookmark: _Toc80918171]5.1.2	PC2 NR V2X UE RF requirements for single carrier
[bookmark: _Toc463997753][bookmark: _Toc36034797][bookmark: _Toc42537394][bookmark: _Toc72931423][bookmark: _Toc73026088][bookmark: _Toc80918172]5.1.2.1	Maximum output power for NR V2X UE
The following V2X 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 8.1-1: 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)

	…
	
	
	
	
	
	
	
	

	n47
	
	
	26
	±2
	23
	±2
	
	

	NOTE 1:	NR Band n47 is used for NR V2X Service.
NOTE 2:	PPowerClass is the maximum UE power specified without taking into account the tolerance 



[bookmark: _Toc463997754][bookmark: _Toc36034798][bookmark: _Toc42537395][bookmark: _Toc72931424][bookmark: _Toc73026089][bookmark: _Toc80918173]5.1.2.2	UE maximum output power reduction

The following assumption can serve as a starting point for MPR simulation assumptions as shown in Table 5.1.2.2-1 and Table 5.1.2.2-2.
Table 5.1.2.2-1: MPR simulation assumption for PC2 NR V2X
	parameter
	Assumption

	center frequency
	5.9GHz

	Bandwidth
	10/20/30/40MHz

	Maximum output power
	26 dBm

	numerology
	15 kHz/30kHz/60kHz

	Modulation
	QPSK/16QAM/64QAM/256QAM

	Waveform
	CP-OFDM

	Carrier leakage
	25dBc

	IQ image
	25dBc

	CIM3
	45dBc or 60dBc

	PA calibration
	PA calibrated to deliver [31dBc] ACLR for a fully allocated RBs in 20MHz QPSK DFT- S-OFDM waveform at 1 dB MPR.
This is based to share PA between LTE V2X and NR V2X at 5.9GHz as worst case.



For PC2 NR V2X, simultaneous transmission of PSCCH and PSSCH in the same sub-frame is supported. The following constraints in Table 5.1.2.2-2 can be assumed based on current RAN1’s agreement.
Table 5.1.2.2-2: PC2 V2X UE’s MPR simulation assumptions
	Items
	Assumption

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

	Allowed LCRB allocation
	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

	Regarding PSCCH / PSSCH multiplexing
	[image: ]

	PSCCH size
	10RB*3 Symbols

	PSD offset of X dB between PSCCH and PSSCH
	0dB



For simultaneous transmission of PSFCH transmission for PC2 V2X UE, RAN4 assumed as follow
Table 5.1.2.2-3: PC2 V2X UE’s MPR simulation assumptions for PSFCH transmission
	Items
	Assumption

	Modulation for PSSCH
	QPSK

	PSFCH
	ZC sequence

	Structure of Slot
	Baseline is follow RAN1 agreements

	[bookmark: MCCQCTEMPBM_00000033]RB allocation
	· 1 RB per user
· All users have the same power per RB
· Total power of all users equals 26dBm for PC2
· Both Non-contiguous PSFCH RB allocation and contiguous PSFCH allocation are allowed
· MPR will be derived by non-contiguous PSFCH RB allocation (N>1)
· At least, the worst cases with possible RBstart and Ngap need to be checked. ( Ngap = RBend – RBstart )
· For example: The worst case N gap is (106-1 =105*15kHz*12=) 18.9MHz for 20MHz, 15kHz SCS
· IMD problem by dual PSFCH in SEM/SE region shall be considered to derive MPR level according to all supporting CBW and SCS.
· N (Number of users) is up to 5 and RBs except for RBstart and RBend can be inserted between RBstart and RBend randomly.
· Assumption of N in RAN4 is only for MPR simulation purpose, the final number is up to RAN1 decision. 



For S-SSB transmission for PC2 V2X UE, RAN4 assumed as follow
Table 5.1.2.2-4: PC2 V2X UE’s MPR simulation assumptions for S-SSB transmission
	Items
	Assumption

	Modulation for PSBCH
	QPSK

	S-PSS
	M-sequence

	S-SSS
	Golden-sequence

	S-SSB structure
	[image: ]

	RB allocation
	RBstart: All the possible cases 
LCRB: 11 RB



[bookmark: _Toc80918174]5.1.2.2.1	MPR for Power class 2 V2X UE
For contiguous allocation of PSCCH and PSSCH simultaneous transmission, the allowed MPR for the maximum output power for NR V2X physical channels PSCCH and PSSCH shall be specified as inner/outer RB allocations in Table 5.1.2.2.1-1 for power class 2.

Table 5.1.2.2.1-1: Maximum Power Reduction (MPR) for power class 2 V2X (Contiguous PSCCH and PSSCH transmission)
	Modulation
	Channel bandwidth/MPR (dB)

	
	Outer RB allocations
	Inner RB allocations

	CP-OFDM 
	QPSK
	≤ 5.5
	≤ 2.5

	
	16QAM
	
	

	
	64 QAM
	≤ 6.0
	≤ 4.5

	
	256 QAM
	≤ 7.0



Where the following parameters are defined to specify valid RB allocation ranges for Outer and Inner RB allocations:
NRB is the maximum number of RBs for a given Channel bandwidth and sub-carrier spacing defined in Table 5.3.2-1 in TS38.101-1. 
RBStart,Low = max(1, floor(LCRB/2))
where max() indicates the largest value of all arguments and floor(x) is the greatest integer less than or equal to x.
RBStart,High = NRB – RBStart,Low – LCRB
The RB allocation is an Inner RB allocation if the following conditions are met
RBStart,Low ≤ RBStart ≤ RBStart,High, and
LCRB ≤ ceil(NRB/2)
where ceil(x) is the smallest integer greater than or equal to x.
The RB allocation is an Outer RB allocation for all other allocations which are not an Inner RB allocation.

[bookmark: _Toc80918175]5.1.2.3	UE maximum output power with additional requirements
To comply the EN 302 571 standard emission mask, RAN4 need to derive A-MPR requirements considering with the additional A-SEM and A-SE requirements in EN 302 571 standard as shown in Table 5.1.2.3-1 and Table 5.1.2.3-2. 
NR V2X UE shall satisfy the additional SEM and additional SE requirements when NS_33 is configured from pre-configured radio parameters or the cell and the indication from upper layers has indicated was informed.

Table 5.1.2.3-1: Additional SEM requirements for 10MHz channel bandwidth
	Spectrum emission limit (dBm EIRP)/ Channel bandwidth

	ΔfOOB
(MHz)
	10 MHz
	Measurement bandwidth

	 0-0.5
	[]
	100 kHz

	 0.5-5
	[]
	100 kHz

	 5-10
	[]
	100 kHz



NOTE 1:	As a general rule, the resolution bandwidth of the measuring equipment should be equal to the measurement bandwidth. However, to improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.
NOTE 2:	Additional SEM for V2X overrides any other requirements in frequency range 5855-5950MHz.
NOTE 3:	The EIRP requirement is converted to conducted requirement depend on the supported post antenna connector gain Gpost connector declared by the UE following the principle described in annex G in TS38.101-1.

Table 5.1.2.3-2: Additional SE requirements

	NR Band
	Spurious emission for UE co-existence

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

	n47
	E-UTRA Band 1, 3, 5, 7, 8, 22, 26, 28, 34, 39, 40, 41, 42, 44, 45, 65, 68, 72, 73
NR band n77, n78 , n79
	FDL_low 
	-
	FDL_high
	-50
	1
	

	
	Frequency range
	5925
	-
	5950
	-30 EIRP
	1
	38, 40, 43

	
	Frequency range
	5815
	-
	5855
	-30 EIRP
	1
	38, 43

	NOTE 38:	Applicable when NS_33 or NS_34 is configured by the pre-configured radio parameters.
NOTE 40: In the frequency range x-5950MHz, SE requirement of -30dBm/MHz should be applied; where x = max (5925, fc + 15), where fc is the channel centre frequency.
NOTE 43:	The EIRP requirement is converted to conducted requirement depend on the supported post antenna connector gain Gpost connector declared by the UE following the principle described in annex I.




[bookmark: _Toc80918176]5.1.2.3.1	A-MPR for NS_33
When NS_33 is indicated by the network or pre-configured radio parameters for NR V2X UE, the additional maximum output power reduction specified as
A-MPR = CEIL {MA, 0.5}
Where MA is defined as follows
MA = A-MPRBase + Gpost connector* A-MPRStep
CEIL{MA, 0.5} means rounding upwards to closest 0.5dB. 
A-MPRBase which is specified for PSCCH and PSSCH transmission\S-SSB\PSFCH below is allowed when network signalling value is provided. A-MPRBase is the default A-MPR value when no Gpost connector is declared. The supported post antenna connector gain Gpost connector is declared by the UE following the principle described in 38.101-1.

For the contiguous PSSCH and PSCCH transmission when NS_33 is indicated by the network or pre-configured radio parameters for NR V2X UE, the NR UE allow the follow A-MPR requirements.

Table 5.1.2.3.1-1: A-MPR for PSCCH/PSSCH by NS_33 (at Fc=5860MHz)
	Carrier frequency [MHz]
	Resource Block (LCRB)
	Start Resource Block
	A-MPR(dB)

	
	
	
	QPSK/16QAM
	64QAM
	256QAM

	5860
	≥ 10 and ≤ 15
	0 and 1
	≤ 24

	
	
	2 and 3
	≤ 22

	
	
	4
	≤ 20

	
	≥ 10 and ≤ 25
	≥ 5 and ≤ 7
	≤ 17.5

	
	≥ 10 and ≤ 30
	10
	≤ 16

	
	≥ 10
	8 and 9
	≤ 16

	
	
	≥ 11 and ≤ 14
	≤ 14.5

	
	
	≥ 15 and ≤ 19
	≤ 13

	
	
	≥ 20 and ≤ 24
	≤ 11.5

	
	
	≥ 25 and ≤ 29
	≤ 10

	
	
	≥ 30
	≤ 8.5

	
	≥ 20 and ≤ 24
	1
	≤ 22

	
	≥ 20 and ≤ 30
	0
	≤ 22

	
	
	2 and 3
	≤ 20

	
	
	4
	≤ 17.5

	
	≥ 25 and ≤ 40
	1
	≤ 20

	
	≥ 30
	≥ 5 and ≤ 7
	≤ 16

	
	≥ 36
	0
	≤ 20

	
	
	≥ 2 and ≤ 4
	≤ 17.5

	
	
	10
	≤ 14.5

	
	≥ 45
	1
	≤ 17.5



Table 5.1.2.3.1-2: A-MPR for PSSCH/PSCCH by NS_33 at other carrier frequency
	Carrier frequency [MHz]
	RB allocations
	A-MPR (dB)

	
	
	QPSK
	16QAM
	64QAM
	256QAM

	5870,5910,5920
	outer
	≤ 8.5
	≤ 8.5

	
	inner
	≤ 6.0
	

	5880,5890,5900
	outer
	≤ 6.0
	≤ 6.5

	
	inner
	≤ 3.5
	≤ 4.5
	



Inner and outer RB allocations are defined in section 5.1.2.2.1.

[bookmark: _Toc72931425][bookmark: _Toc73026090][bookmark: _Toc80918177]5.1.3	PC2 NR V2X UE RF requirements SL-MIMO

[bookmark: _Toc72931426][bookmark: _Toc73026091][bookmark: _Toc80918178]5.1.4	PC2 NR V2X inter-band con-current UE RF requirements


[bookmark: _Toc36034750][bookmark: _Toc42537345][bookmark: _Toc46356410][bookmark: _Toc52566324][bookmark: _Toc72931427][bookmark: _Toc73026092][bookmark: _Toc80918179]5.2	Intra-band V2X operation in a licensed band
[bookmark: _Toc36034753][bookmark: _Toc42537348][bookmark: _Toc46356413][bookmark: _Toc52566327][bookmark: _Toc72931428][bookmark: _Toc73026093][bookmark: _Toc80918180]5.2.1	Intra-band V2X operation scenarios and basic assumptions
For intra-band V2X operation, both TDM and FDM between Uu and SL are considered. The prioritization of operating scenarios including TDM and FDM and respective basic RF architecture for operating scenarios are defined as follows:
· [bookmark: MCCQCTEMPBM_00000032]1st priority: TDM with same carrier or different carrier (Single RF chain for Tx as baseline)
· [bookmark: MCCQCTEMPBM_00000031]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 for Tx as baseline)
· 3rd priority: FDM with non-adjacent carrier (Separate RF chain for Tx as baseline)
Other UE RF architecture is not precluded from implementation perspective.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In Rel-17, RAN4 focus on TDD band for intra-band V2X operation and deprioritize FDD band. FDD band can be studied once operators have a request. 
For intra-band contiguous V2X con-current operation with FDM operation, simultaneous UL transmission and SL reception in TDD band are not allowed. 

[bookmark: _Toc36034755][bookmark: _Toc42537350][bookmark: _Toc46356415][bookmark: _Toc52566329][bookmark: _Toc72931429][bookmark: _Toc73026094][bookmark: _Toc80918181]5.2.2	Coexistence evaluation

[bookmark: _Toc72931430][bookmark: _Toc73026095][bookmark: _Toc80918182]5.2.2.1 Coexistence evaluation scenarios

[bookmark: _Toc72931431][bookmark: _Toc73026096][bookmark: _Toc80918183]5.2.2.2 Coexistence simulations assumptions 

[bookmark: _Toc72931432][bookmark: _Toc73026097][bookmark: _Toc80918184]5.2.2.3 Coexistence results

[bookmark: _Toc72931433][bookmark: _Toc73026098][bookmark: _Toc80918185]5.2.2.4 Conclusion of Coexistence evaluations

[bookmark: _Toc72931434][bookmark: _Toc73026099][bookmark: _Toc80918186]5.2.3	Intra-band V2X operation with TDM operation
5.2.3.1 Operating bands for intra-band V2X operation with TDM operation
NR Uu operation is designed to operate with NR sidelink in TDM mode on the operating band combinations listed in Table 5.2.3.1-1. 
Table 5.2.3.1-1: Intra-band V2X operating bands with TDM operation
	NR Uu-NR V2X Band Combination
	NR Uu  or NR V2X 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 carriers, 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 Tx requirements for intra-band V2X operation with TDM operation
[bookmark: _Toc45890622][bookmark: _Toc45891846][bookmark: _Toc45892256][bookmark: _Toc45892666][bookmark: _Toc52353079][bookmark: _Toc53174902][bookmark: _Toc61378222][bookmark: _Toc61378697][bookmark: _Toc67953887][bookmark: _Toc68733554][bookmark: _Toc68784870][bookmark: _Toc76736826][bookmark: _Toc80918187]5.2.3.2.1	Additional Tx requirements for TDM operation
To decide the switching position for TDM operation in same/different carrier, RNA4RAN4 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.

5.2.3.3 Rx requirements for intra-band V2X operation with TDM operation

[bookmark: _Toc72931437][bookmark: _Toc73026100][bookmark: _Toc80918188]5.2.4	Intra-band contiguous V2X con-current operation with FDM operation
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]5.2.4.1 Configuration for intra-band contiguous V2X con-current operation with FDM operation
Bandwidth combination sets and V2X transmission/reception configurations for intra-band contiguous V2X UE are specified in Table 5.2.4.1-1.
Table 5.2.4.1-1: NR  Uu-NR V2X configurations and bandwidth combination sets for intra-band contiguous V2X UE 
	V2X configuration
	V2X transmisison band
	Channel bandwidths for Uu carrier (MHz)
	Channel bandwidths for SL carrier (MHz)
	Maximum aggregated 
bandwidth (MHz)
	Bandwidth combination set

	V2X_n79AA
	NR band n79
	40, 50, 60, 80, 100
	10,20,30,40
	140
	0



[bookmark: _Toc72931439][bookmark: _Toc73026101][bookmark: _Toc80918189]5.2.4.2 Tx requirements for intra-band contiguous V2X con-current operation with FDM operation
[bookmark: _Toc72931440][bookmark: _Toc73026102][bookmark: _Toc80918190]5.2.4.2.1	Maximum output power
The following NR intra-band V2X con-current operating UE’s 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
	
	
	26
	±2
	23
	±2
	
	

	
	
	
	
	
	
	
	
	

	NOTE 1:	The intra-band contiguous con-current NR V2X operating band is used for NR V2X and NR Uu Service. Bandwidth class B is that the aggregated channel bandwidth 20 MHz ≤ BWChannel_SL&UL ≤ 100 MHz.
NOTE 2:	PPowerClass is the maximum UE power specified without taking into account the tolerance 



[bookmark: _Toc72931441][bookmark: _Toc73026103][bookmark: _Toc80918191]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
	[image: ]

	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.
For NR intra-band V2X con-current operation with adjacent channel, the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 5.2.4.1.1-1 with contiguous RB allocation is specified in Table 5.2.4.1.2-3 for UE power class 3 with bandwidth class B. 

Table 5.2.4.1.2-3: Contiguous RB allocation for Power Class 3
	Modulation
	MPR for bandwidth class B(dB)

	
	inner
	outer

	CP-OFDM
	QPSK
	≤ [1.0]
	≤ [1.0]

	
	16QAM
	≤ [1.0]
	≤ [1.0]

	
	64QAM
	≤ [1.0]
	≤ [1.0]

	
	256QAM
	≤ [1.5]
	≤ [1.5]



For bandwidth class B with contiguous RB allocation, the following parameters are defined to specify valid RB allocation ranges for Inner and Outer RB allocations:
An RB allocation is contiguous if LCRB1 = 0 or LCRB2 = 0 or (LCRB1  0 and LCRB2  0 and RBStart1 + LCRB1 = NRB1 and RBStart2 = 0), where RBStart1, LCRB1, and NRB1 are for SL CC1, RBStart2, LCRB2, and NRB2 are for UL CC2. SL CC1 is the component carrier with lower frequency.
In contiguous NR V2X intra-band con-current operation, a contiguous allocation is an inner allocation if
RBStart,Low  ≤  RBStart_SL&UL  ≤  RBStart,High, and NRB_alloc  ≤  ceil(NRB,agg /2),
where
RBStart,Low = max(1, floor(NRB_alloc /2))
RBStart,High = NRB,agg – RBStart,Low – NRB,alloc,
with
NRB_alloc= LCRB1 ∙ 2µ1 + LCRB2 ∙ 2µ2
NRB_alloc= (NRB1 - RBStart1)∙ 2µ1 + (RBStart2 + LCRB2 ) ∙ 2µ2,
NRB,agg=NRB1∙2µ1+ NRB2∙2µ2.
If LCRB1 =0, RBStart_SL&UL = NRB1∙2µ1+ RBStart2∙2µ2,
if LCRB1 > 0, RBStart_SL&UL = RBStart1∙2µ1.
Where, µ1 and µ2 is 0, 1 and 2 for SCS of 15kHz, 30kHz and 60kHz respectively.
A contiguous allocation that is not an Inner contiguous allocation is an Outer contiguous allocation.

For NR intra-band V2X con-current operation with adjacent channel, the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 5.2.4.1.1-1 with non-contiguous RB allocation is specified in Table 5.2.4.1.2-4 for UE power class 3 with bandwidth class B. 

Table 5.2.4.1.2-4: Non-contiguous RB allocation for Power Class 3
	Modulation
	MPR for bandwidth class B(dB)

	
	inner
	Outer1
	Outer2

	CP-OFDM
	QPSK
	≤ [1.0]
	≤ [1.5]
	≤ [3.0]

	
	16QAM
	≤ [1.0]
	≤ [1.5]
	≤ [3.0]

	
	64QAM
	≤ [1.0]
	≤ [1.5]
	≤ [3.0]

	
	256QAM
	≤ [1.5]
	≤ [2.0]
	≤ [3.0]



For bandwidth classes B with non-contiguous RB allocation, the following parameters are defined to specify valid RB allocation ranges for Inner, Outer1 and Outer2 RB allocations:

Non-Contiguous RB allocation is defined as RBStart1 + LCRB1 < NRB1, or RBStart2 > 0, when both SL CC and UL CC are activated and allocated with RB(s), where RBStart1, LCRB1, and NRB1 are for SL CC1, RBStart2, LCRB2, and NRB2 are for UL CC2. SL CC1 is the component carrier with lower frequency.

In contiguous NR V2X intra-band con-current operation, a non-contiguous RB allocation is a non-contiguous Inner RB allocation if the following conditions are met:
RBStart,Low  ≤  RBStart_CA  ≤  RBStart,High and NRB_alloc ≤  ceil((BWChannel_SL&UL / 3 – BWgap ) / 0.18MHz),
where
NRB_alloc = (NRB1 - RBStart1)∙ 2µ1 + (RBStart2 + LCRB2 ) ∙ 2µ2, RBStart_SL&UL = RBStart1∙21
RBStart,Low = max(1, floor(NRB_alloc + (BWgap – BWGB,low)/0.18MHz))
RBStart,High = floor((BWChannel_SL&UL – 2 ∙ BWgap – BWGB,low)/0.18MHz – 2 ∙ NRB_alloc)
BWGB,low =Foffset,low – (NRB1∙12+1)∙SCS1/2
BWgap is the bandwidth of the gap between NRB1 and NRB2 possible allocations of SL CC1 and UL CC2 respectively.

In contiguous NR V2X intra-band con-current operation, a non-contiguous RB allocation is a non-contiguous outer 1 RB allocation if the following conditions are met:
RBStart,Low  ≤  RBStart_SL&UL  ≤  RBStart,High and NRB_alloc ≤  ceil((3 BWChannel_SL&UL / 5 – BWgap) / 0.18MHz)
where
RBStart,Low = max(1, 2 ∙ NRB_alloc – floor( (BWChannel_SL&UL – 2 ∙ BWgap + BWGB,low)/0.18MHz)),
RBStart,High = floor((2 ∙ BWChannel_SL&UL – 3 ∙ BWgap – BWGB,low) / 0.18MHz – 3 ∙ NRB_alloc)
NRB_alloc , RBStart_SL&UL , BWgap and BWGB,low are as defined for the Inner region.

In contiguous NR V2X intra-band con-current operation, a non-contiguous allocation is an Outer 2 allocation if it is neither a non-contiguous Inner allocation nor an Outer 1 allocation.

For NR intra-band V2X con-current operation with adjacent channel, the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 5.2.4.1.1-1 with contiguous RB allocation is specified in Table 5.2.4.1.2-5 for UE power class 2 with bandwidth class B. 

Table 5.2.4.1.2-5: Contiguous RB allocation for Power Class 2
	Modulation
	MPR for bandwidth class B(dB)

	
	inner
	outer

	CP-OFDM
	QPSK
	≤ [1.5]
	≤ [3.5]

	
	16QAM
	≤ [2.0]
	≤ [3.5]

	
	64QAM
	≤ [3.0]
	≤ [3.5]

	
	256QAM
	≤ [5.0]
	≤ [5.0]



For NR intra-band V2X con-current operation with adjacent channel, the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 5.2.4.1.1-1 with non-contiguous RB allocation is specified in Table 5.2.4.1.2-6 for UE power class 2 with bandwidth class B. 

Table 5.2.4.1.2-6: Non-contiguous RB allocation for Power Class 2
	Modulation
	MPR for bandwidth class B(dB)

	
	inner
	Outer1
	Outer2

	CP-OFDM
	QPSK
	≤ [2.0]
	≤ [4.0]
	≤ [6.0]

	
	16QAM
	≤ [2.5]
	≤ [4.0]
	≤ [6.0]

	
	64QAM
	≤ [3.5]
	≤ [4.5]
	≤ [6.0]

	
	256QAM
	≤ [4.5]
	≤ [5.0]
	≤ [6.0]



[bookmark: _Toc72931463][bookmark: _Toc73026104][bookmark: _Toc80918192]5.2.4.3 Rx requirements for intra-band contiguous V2X con-current operation with FDM operation

[bookmark: _Toc72931473][bookmark: _Toc73026105][bookmark: _Toc80918193]5.2.5	Intra-band non-contiguous V2X con-current operation with FDM operation
5.2.5.1 Configuration for intra-band non-contiguous V2X con-current operation with FDM operation
Bandwidth combination sets and V2X transmission/reception configurations for intra-band non-contiguous V2X are specified in Table 5.2.5.1-1.

Table 5.2.5.1-1: NR Uu-NR V2X configurations and bandwidth combination sets for intra-band non-contiguous V2X UE
	V2X configuration
	V2X transmisison band
	Channel bandwidths for Uu carrier (MHz)
	Channel bandwidths for NR carrier (MHz)
	Maximum aggregated 
bandwidth (MHz)
	Bandwidth combination set

	V2X_n79A-n79A
	NR band n79
	40, 50, 60, 80, 100
	10,20,30,40
	140
	0



[bookmark: _Toc72931474][bookmark: _Toc73026106][bookmark: _Toc80918194]5.2.5.2 Tx NR intra-band V2X con-current operation with non-adjacent channel

[bookmark: _Toc72931475][bookmark: _Toc73026107][bookmark: _Toc80918195]5.2.5.3 Rx NR intra-band V2X con-current operation with non-adjacent channel
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[bookmark: _Toc4427972][bookmark: _Toc36034776][bookmark: _Toc42537371][bookmark: _Toc46356436][bookmark: _Toc52566350][bookmark: _Toc72931476][bookmark: _Toc73026108][bookmark: _Toc80918196][bookmark: _Toc36034778][bookmark: _Toc42537375][bookmark: _Toc46356440][bookmark: _Toc52566354][bookmark: _Toc72931483][bookmark: _Toc73026115][bookmark: _Toc80918203]6	7	Operating bands and channel arrangement for SL enhancement
[bookmark: _Toc36034779][bookmark: _Toc42537376][bookmark: _Toc46356441][bookmark: _Toc52566355][bookmark: _Toc72931484][bookmark: _Toc73026116][bookmark: _Toc80918204]7.1	Operating bands
[bookmark: _Toc36034780][bookmark: _Toc42537377][bookmark: _Toc46356442][bookmark: _Toc52566356][bookmark: _Toc72931485][bookmark: _Toc73026117][bookmark: _Toc80918205]7.1.1	Operating bands
NR SL enhancement is designed to operate in the operating bands in FR1 defined in Table 7.1.1-1.
Table 7.1.1-1 Operating bands in FR1 for NR SL enhancement
	V2X Operating Band
	Sidelink (SL) Transmission operating band
	Sidelink (SL)  Reception operating band
	Duplex Mode
	Interface

	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	
	

	n141
	788 MHz
	-
	798 MHz 
	788 MHz
	-
	798 MHz
	HD
	PC5

	n792
	4400 MHz
	-
	5000 MHz
	4400 MHz
	-
	5000 MHz
	TDDHD
	PC5

	Note 1: 	When this band is used for public safety service, the NR band is operated with both in-coverage scenarios and  out-of-coverage scenarios.
Note 2:     NR V2X service is partially operated in this band with NR Uu.



[bookmark: _Toc36034782][bookmark: _Toc42537379][bookmark: _Toc46356444][bookmark: _Toc52566358][bookmark: _Toc72931486][bookmark: _Toc73026118][bookmark: _Toc80918206]7.1.2	Operating bands for inter-band con-current operation in FR1
[bookmark: _Toc36034783][bookmark: _Toc42537380][bookmark: _Toc46356445][bookmark: _Toc52566359][bookmark: _Toc72931487][bookmark: _Toc73026119][bookmark: _Toc80918207]7.2	Channel bandwidth
[bookmark: _Toc36034784][bookmark: _Toc42537381][bookmark: _Toc46356446][bookmark: _Toc52566360][bookmark: _Toc72931488][bookmark: _Toc73026120][bookmark: _Toc80918208]7.2.1	Channel bandwidth
The operating bands and channel bandwidth for NR SL enhancement in FR1 are shown in Table 7.2.1-1. The same (symmetrical) channel bandwidth is specified for both the TX and RX path. The maximum channel bandwidth for SL operation for NR SL enhancement in licensed band is 40MHz. 
Table 7.2.1-1 Channel Bandwidth for NR SL enhancement
	V2X band / SCS/ V2X channel bandwidth

	V2X Operating Band
	SCS kHz
	5 MHz
	10 MHz
	20 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	n14
	15
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	

	n79
	15
	
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	



[bookmark: _Toc36034786][bookmark: _Toc42537383][bookmark: _Toc46356448][bookmark: _Toc52566362][bookmark: _Toc72931489][bookmark: _Toc73026121][bookmark: _Toc80918209]7.2.2	Channel bandwidth for inter-band con-current operation

[bookmark: _Toc36034787][bookmark: _Toc42537384][bookmark: _Toc46356449][bookmark: _Toc52566363][bookmark: _Toc72931490][bookmark: _Toc73026122][bookmark: _Toc80918210]7.3	Channel arrangement enhancement
[bookmark: _Toc36034788][bookmark: _Toc42537385][bookmark: _Toc46356450][bookmark: _Toc52566364][bookmark: _Toc72931491][bookmark: _Toc73026123][bookmark: _Toc80918211]7.3.1	Channel raster
[bookmark: _Toc36034790][bookmark: _Toc42537387][bookmark: _Toc46356452][bookmark: _Toc52566366][bookmark: _Toc61187274][bookmark: _Toc72931492][bookmark: _Toc73026124][bookmark: _Toc80918212]7.3.1.1	NR-ARFCN and channel raster 
The NR-ARFCN and channel raster defined in subclause 5.4.2.1 in TS38.101-1 are applied to each licensed operating band for NR SL enhancement.
[bookmark: _Toc36034791][bookmark: _Toc42537388][bookmark: _Toc46356453][bookmark: _Toc52566367][bookmark: _Toc61187275][bookmark: _Toc72931493][bookmark: _Toc73026125][bookmark: _Toc80918213]7.3.1.2	Channel raster to resource element mapping
Channel raster to resource element mapping defined in subclause 5.4.2.2 in TS38.101-1 are applied to each licensed operating band for NR SL enhancement.
[bookmark: _Toc36034792][bookmark: _Toc42537389][bookmark: _Toc46356454][bookmark: _Toc52566368][bookmark: _Toc61187276][bookmark: _Toc72931494][bookmark: _Toc73026126][bookmark: _Toc80918214]7.3.1.3	Channel raster entries for each operating band
The channel raster entries defined in subclause 5.4.2.3 in TS38.101-1 are applied to each licensed operating band for NR SL enhancement.
[bookmark: _Toc72931495][bookmark: _Toc73026127][bookmark: _Toc80918215][bookmark: _Toc36034793][bookmark: _Toc42537390][bookmark: _Toc46356455][bookmark: _Toc52566369]7.3.2	Synchronization raster 
There is no synchronization raster definition for each licensed operating band for NR SL enhancement.
[bookmark: _Toc36034795][bookmark: _Toc42537392][bookmark: _Toc46356457][bookmark: _Toc52566371][bookmark: _Toc72931496][bookmark: _Toc73026128][bookmark: _Toc80918216]
8	Transmitter/Receiver characteristics for SL enhancement
[bookmark: _Toc36034796][bookmark: _Toc42537393][bookmark: _Toc46356458][bookmark: _Toc52566372][bookmark: _Toc72931497][bookmark: _Toc73026129][bookmark: _Toc80918217]8.1	SL enhancement UE Tx requirements

[bookmark: _Toc36034825][bookmark: _Toc42537425][bookmark: _Toc46356490][bookmark: _Toc52566404][bookmark: _Toc72931498][bookmark: _Toc73026130][bookmark: _Toc80918218]8.2	SL enhancement UE Rx requirements
[bookmark: _Toc463997783][bookmark: _Toc36034826][bookmark: _Toc42537426][bookmark: _Toc46356491][bookmark: _Toc52566405][bookmark: _Toc72931499][bookmark: _Toc73026131][bookmark: _Toc80918219]8.2.1 Reference sensitivity power level
The reference sensitivity power level REFSENS is the minimum mean power applied to the UE antenna connector at which the throughput shall meet or exceed 95% of the maximum throughput of the reference measurement channels.
The SL enhancement UE REFSENS is defined by the following equation: 
REFSENSV2X=kTB + SNRV2X +10log10(LCRB*SCS*12/RX_BW) +( NFV2X+ IM) – Diversity gain
Where
-	kTB: Thermal noise level is [-174dBm(kT) + 10*log10(RX BW)]dBm.
-	NF: Noise figure. 13 dB is used for LAA and can be reused for NR V2X requirements. Assumed NF is 9dB < 3GHz, NF is 10dB>= 3GHz (e.g B42, n77, n78, n79…) at licensed bands at FR1.
-	IM: 2.5 dB is assumed. When the number of RB size is equal to or less than 24RBs, 0.5dB additional relaxation is allowed.
-	Target SNR: -0.5 dB
-	Diversity gain: 3dB
The REFSENS requirements for NR SL enhancement are specified in Table 8.2.1-1.
Table 8.2.1-1: Reference sensitivity for NR SL enhancement (PC5)
	NR Operating band / SCS / Channel bandwidth / Duplex-mode

	V2X Band
	SCS
kHz
	5MHz
(dBm)
	10MHz
(dBm)
	20MHz
(dBm)
	30MHz
(dBm)
	40MHz
(dBm)
	Duplex Mode

	n14
	15
	TDB
	TDB
	
	
	
	FDDHD

	
	30
	
	TDB
	
	
	
	

	
	60
	
	
	
	
	
	



Table 8.2.1-2: Sidelink TX configuration for reference sensitivity for NR SL enhancement (PC5)
	NR operating Band / SCS/ Channel bandwidth / NRB / Duplex mode

	V2X Band
	SCS (kHz)
	5 MHz
(dBm)
	10 MHz
(dBm)
	20 MHz
(dBm)
	30 MHz
(dBm)
	40 MHz
(dBm)
	Duplex Mode

	n14
	15
	25
	50
	
	
	
	FDDHD

	
	30
	
	24
	
	
	
	

	
	60
	
	
	
	
	
	


============================ End of TP ============================
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