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1. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
	In the last RAN4 #92 meetings, RAN4 agreed the principle [2] of general RF core requirements for NR V2X service. 
	Title
	Considerations

	Transmitter power for V2X
	· For UE maximum output power, PC3 will be defined as baseline.
· Simulations for MPR and A-MPR will start after RAN1 agrees on parameters.
· For configured transmitted power, general principle for LTE V2X can be reused. 

	Output power dynamics for V2X
	· For UE minimum output power, [-30dBm] can be reused as baseline.
· For Transmit OFF power, existing requirements of [-50dBm] could be reused.
· For ON/OFF time mask, existing ON/OFF time mask could be reused for standalone operation. [Switching time between LTE SL and NR SL in ITS spectrum can be studied for contiguous and non-contiguous cases separately.]
· Power control is FFS based on RAN1 progress.

	Transmit signal quality for V2X
	· For Frequency error and EVM, existing requirements of [LTE V2X] could be used as baseline.
· For IBE, existing LTE V2X requirement could be reused.

	Output RF spectrum emissions for V2X
	· For OBW, same principle will be applied for V2X specific CBW.
· For SEM, [LTE V2X] SEM mask for the same CBW could be reused.
· For ACLR, it will be defined based on the output of NR V2X coexistence study
· For Spurious emission, if frequency specific value is not specified, typical value of -30dBm could be reused
· For Transmit intermodulation, existing NR Uu requirement could be reused

	Reference sensitivity power level for V2X
	· To be defined for V2X specific band after RAN1 physical layer design is completed.

	Maximum input level for V2X
	· Existing LTE V2X requirement of [-22 dBm] may be reused. 

	Adjacent channel selectivity for V2X
	· It will be defined based on the output of NR V2X coexistence study

	Blocking characteristics for V2X
	· For In-band/Out-of-band blocking, similar level of wanted signal (V2X) and interferer could be reused for given V2X CBW.
· For band n47, narrow band blocking isn’t needed.

	Spurious response for V2X
	· Similar level of wanted signal (V2X) and interferer could be reused for given V2X CBW.

	Intermodulation characteristics for V2X
	· Similar level of wanted signal (V2X) and interferer could be reused for given V2X CBW.



In this paper, we provide our views on how to define general RF core requirements.
2. Basic RF architecture for V2X UE
For LTE-based V2X service in Rel-14, RAN4 can consider example RF architecture [3] as shown in Figure 1. 


   
(a) RF architecture for Uu + SL in both different bands    (b) RF architecture for Uu+SL in a licensed band
Figure 1 Example RF architecture of con-current operation

To specify the RF core requirements, RAN4 should be consider above con-current V2X operation. Based on the basic RF architecture and priority of  V2X operating scenarios, RAN4 will specified RF core requirements as below
 Table 1: How to specify the candidate V2X UE con-current operation in specification aspect
	
	Specification

	V2X SL operation at n47
(E.g. single carrier SL operation)
	TS38.101-1

	V2X SL operation at 28GHz
(E.g. single carrier SL operation)
	TS38.101-2

	V2X SL operation at 2G/3.5GHz
(E.g. single carrier SL operation)
	TS38.101-1

	V2X con-current operation between  Uu (licensed band) + SL (at n47)
(E.g. Uu at NR/LTE Band X + SL at n47)
	TS38.101-3

	V2X multi-carrier operation between SL (licensed band) + SL (at n47)
(E.g SL at NR Band X + SL at n47)
	TS38.101-1




3. Transmitter requirements for V2X service
Table 2 summarizes V2X UE Tx RF requirements for single carrier at n47 in TS38.101-1. 
Table 2: V2X UE Tx RF requirements in TS 38.101-1
	Section / Clause
	Description

	6.2.1E
	V2X UE maximum output power    Define n47 with PC3

	6.2.2E
	UE maximum output power for V2X UE
Need more RAN1 input to derive MPR UE maximum output power for modulation (up to 64QAM) / channel bandwidth ( up to 40MHz)

	6.2.3E
	UE maximum output power with additional requirements, 
Need more RAN1 input to derive A-MPR levels & need study to regulatory requirements change in ITS spectrum

	6.2.4E
	Single carrier Configured transmitted Power for V2X UE (reuse LTE V2X)

	6.3.1E
	UE Minimum output power ( reuse LTE V2X min level as -30dBm)

	6.3.2E
	UE Transmit OFF power (reuse LTE V2X min level as -50dBm)

	6.3.3E
	Transmit On/off time mask
 - Need more RAN1 input for NR V2X design structure

	6.3.4E
	Power control for V2X UE
· Only define absolute power tolerance 

	6.4.1E
	Frequency error for V2X UE (+-0.1 ppm)

	6.4.2E
	Transmit modulation quality for V2X UE
 Reuse LTE V2X EVM, carrier leakage, IBE, spectrum flatness

	6.5.1E
	Occupied bandwidth for V2X (reuse LTE V2X)

	6.5.2E
	Out of band emission for V2X (reuse LTE V2X)
 ACLR, SEM, A-SEM for ITS spectrum

	6.5.3E
	Spurious emissions for V2X UE
 Need to define UE-to-UE coexistence requirements for n47



For NR V2X UE, RAN4 only had consensus that NR SL operation is do not any impact to the legacy DSRC and LTE system in ITS spectrum. So the Tx requirements for ITS spectrum is 1st priority to specify the RF core requirements as shown in Table 1. 
And then, RAN4 need to specify the concurrent operation between NR-SL operation in n47 band and NR-Uu or LTE-Uu operation at licensed in rel-16 NR V2X WI phase. This specification is 2nd priority in rel-16 NR V2X WI.
In LTE V2X, RAN4 only specify the total maximum output power for con-current transmission Hence the V2X UE should divide the total power based on the priority or some criterion.
So we would like to define the maximum output power based on power class as a basic principle. And the total power can be separated by the UE configured transmitted power for con-current V2X UE.
This issue will impact to the configured transmitted power that will be changed according to the transmission priority between NR V2X operation and NR Uu operation when RAN4 consider the maximum output power. In here, we can consider two RF architecture to support con-current operation. One is separate chipset NR SL operation and NR Uu operation and the other is one-chip solution for both NR SL and NR Uu operations.

We summarized the estimated the NR V2X Tx requirements for con-current V2X operation in Table 3.

Table 3: V2X UE Tx RF requirements for con-current operation in TS 38.101-3
	Section / Clause [1]
	Reference for Description
	Comment

	 5.2E
	Operating bands for V2X
	Add the con-current band combinations for NR V2X service

	5.3E
	Channel bandwidth for V2X
	Add con-current operation DL/UL configuration and define BCS

	5.4E
	Channel arrangement for V2X
	Define individual channel arrangement

	5.5E
	Configuration V2X
	For inter-band con-current case, RAN4 decide whether or not introduce the con-current band combination per band combination by self-interference analysis

	6.2.1E
	UE maximum output power for V2X
	Define total UE power class for con-current operation. (PC3 for con-current operation)

	6.2.2E
	MPR for modulation/CBW
	Reuse the MPR for Uu in licensed band and the MPR for SL operation in n47.

	6.2.3E
	UE max output power with additional requirements
	Reuse the A-MPR for Uu in licensed band and the A-MPR for SL operation in n47

	6.2.4E
	Configured transmitted Power for V2X
	Add configured Tx power for con-current operation between V2X service and NR Uu based on the priority.

	6.3E
	UE output power dynamics for V2X
	No need to change per V2X SL and Uu

	6.4E


	UE Transmit signal quality for V2X
	No need to change per V2X SL and Uu

	
	Power control for V2X
	Reuse the requirements per carrier for con-current operation

	
	Frequency error for V2X
	All sync. Source will be defined with  0.1ppm

	
	Transmit modulation quality for V2X
	Reuse the defined requirements in single carrier for the con-current operation. 

	6.5E
	UE spectrum emissions for V2X
	Applied individual occupied bandwidth,  out-of band emission, spurious emission and transmit intermodulation

	
	Adjacent Channel Leakage Ratio
	Reuse the ACLR requirements per carrier for the multi-carrier operation. 
Verify ACLR requirement to satisfy the adjacent channel coexistence with legacy system for high power V2X UE

	
	Spurious Emission for V2X
	Add new SE UE-to-UE coexistence requirements for con-current operation



Proposal 1: For 5G V2X UE Tx RF requirements, RAN4 need to consider above Table 2 and Table 3 according to single carrier operation and con-current operation.

4. Receiver requirements for V2X service
Table 4 summarizes V2X UE Rx RF requirements for single carrier at n47 in TS38.101-1. 
Table 4: V2X UE Rx RF requirements in TS 38.101-1
	Section / Clause
	Current Description
	Comments

	7.3E
	Reference sensitivity for NR V2X
	- Need to RAN1 input for the physical layer design.
- Define REFSENS requirements with 10/20/40MHz 
: SNR level, NF and IM will be further discussed in demodulation session.

	7.4E
	Maximum input level for NR V2X
	Consider high modulation order (up to 64QAM) to define MIL for V2X for 10/20/40MHz

	7.5E
	ACS for NR V2X
	Apply same principle of LTE V2X to decide ACS level,  Pinterference power level in Case1 and wanted signal power levels in Case2 according to Channel BW 
(E.g. 10MHz: 33dB,  20MHz :27dB, 40MHz: 24dB)




	Section / Clause
	Current Description
	Comments

	7.6E.2
	In band blocking for NR V2X
	Apply same principle of LTE V2X to decide wanted signal power level and freq. offset according to Channel BW 
(E.g. 10MHz: 6dB,  20MHz :9dB, 40MHz: 12dB)

	7.6E.3
	Out-of-band blocking for NR V2X
	Apply same principle of LTE V2X to decide wanted signal power level according to Channel BW 
(E.g. 10MHz: 6dB,  20MHz :9dB, 40MHz: 12dB)

	7.6E.4
	Narrow band blocking for NR V2X
	Do not need requirements same as LTE

	7.7E
	Spurious response for NR V2X
	Apply same principle of LTE V2X to decide wanted signal power level according to Channel BW 
(E.g. 10MHz: 6dB,  20MHz :9dB, 40MHz: 12dB)

	7.8E
	Wide band intermodulation for NR V2X
	Apply same principle of LTE V2X to decide wanted signal power level and freq. offset according to Channel BW 
(E.g. 10MHz: 6dB,  20MHz :9dB, 40MHz: 12dB)



Also, we propose the estimated the NR V2X Rx requirements for con-current V2X operation in Table 5.
[bookmark: _GoBack]Table 5: V2X UE Rx RF requirements for con-current operation in TS 38.101-3
	Section / Clause
	Current Description
	Comments

	7.4E
	Reference sensitivity for V2X
	- Need to define REFSENS requirements in 7.3.1G to support new inter-band con-current band combination.
Apply same principle to decide UL configuration at LTE V2X according to each con-current band combinations

	7.5E
	Maximum input level for V2V
	Follow individual MIL per system

	7.6E.2
	ACS for V2V
	Follow individual ACS per system

	7.6E.3
	In band blocking for V2V
	Follow individual IBB per system

	7.6E.4
	Out-of-band blocking for V2V
	Follow individual OOBB per system

	7.7E
	Narrow band blocking for V2V
	Do not need requirements same as LTE

	7.8E
	Spurious response for V2V
	Follow individual spurious response per system 

	7.4E
	Wide band intermodulation for V2V
	Follow individual wideband intermodulation per system



For single carrier operation in NR Band n47 (ITS spectrum), RAN4 already defined REFSENS requirements for power class 3 UE in LTE V2X WI. So, RAN4 need to decide whether or not reuse the existing REFSENS requirements for new power class. 
For the inter-band con-current V2X operation (NR Uu V2X operation in licensed band) and NR Band n47 (NR V2X in ITS spectrum), RAN4 need to analyse whether or not self desense problem from NR Uplink transmission fall into the own NR n47 frequency range (5855~5925MHz).
In Figure 2, we described V2X transmission & reception signal in each V2X operating band according to 3 cases as below.
· Case 1: Inter-band Con-current operation on both licensed band and ITS spectrum
· Case 1A: TDD-FDD inter-band con-current operation (E.g. n7 + n47)
· Case 1B: TDD-TDD inter-band con-current operation (E.g. n79 + n47)

The Case1 shows con-current operations for NR V2X service. RAN4 need to define the REFSENS requirements for NR V2X service for inter-band con-current operation.
In Case 1A, the uplink transmission of licensed band can be effected as interference to receive the V2X signal in ITS spectrum. So these test configurations only applicable to TDD-FDD con-current V2V operation such as NR Band n7 + n47. In Case 1B, when RAN4 simultaneous Tx/Rx between two inter-bands, then the uplink transmission can be interfered in own n47 receiving. So RAN4 carefully specified the con-current operation and RAN4 will decide the uplink test configuration. Therefore, for both Case1A and 1B, RAN4 should define uplink configurations and REFSENS requirements for con-current NR V2X operation. 


Figure 2 V2X UE Tx/Rx operation in con-current V2X operation

Based on above analysis, we propose as follow
Proposal 2: For 5G V2X UE Rx RF requirements, RAN4 need to consider above Table 4 and Table 5 according to single carrier operation and con-current operation.

5. Conclusions
	In this contribution, we provided our view for V2V UE receiver requirements. From the analysis, we propose as follow and provide corresponding TP on V2V UE Receiver requirements in next section.
Proposal 1: For 5G V2X UE Tx RF requirements, RAN4 need to consider above Table 2 and Table 3 according to single carrier operation and con-current operation.
Proposal 2: For 5G V2X UE Rx RF requirements, RAN4 need to consider above Table 4 and Table 5 according to single carrier operation and con-current operation.
Based on these further analysis, corresponding TP [4] was proposed.
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