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1. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
	In the last RAN4 #98BIS-e meetings, RAN4 agreed the priority for V2X operating scenarios in a licensed band and impact of RF requirements. 
In agreed WF, RAN4 consider as following scenarios
· Focus on prioritization on operating scenarios including TDM and FDM.
· 1st priority: TDM (Single RF chain for Tx as baseline)
· 2nd priority: FDM with adjacent carrier (Separate RF chain as baseline)
· 3rd priority: FDM with non-adjacent carrier (Separate RF chain as baseline): deprioritized in Rel-17. NR Uu shall treat the partial usage in a licensed band firstly.
· 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 (Option 1 as the majority view in 1st round).

 In this paper, we provide our views on the remaining issues and expected RF requirements for intra-band on-current V2X operation in a licensed band.
2. Discussion on RF requirements for TDM operation 
In previous RAN4 meeting, RAN4 decided to support TDM operation for intra-band con-current operation as 1st priority in a licensed band such as n79. And determine the baseline RF architecture according to V2X operating scenarios in licensed band.
To support TDM operation, RAN4 need to consider the intra device coexistence evaluation in adjacent carrier. In rel-16, RAN4 only focused on the UE-to-UE (inter-device) coexistence for SL operation with adjacent carrier. But, the TDM operation do not have any impact to each other RAT operation. So the intra device coexistence evaluation is not necessary to allow the TDM operation.
RAN4 only consider whether or not specify the additional RF requirements for SL and Uu operation as TDM manner in same/adjacent carrier or non-adjacent carrier.
It can be consider two ON/OFF time mask in RF perspective. One is ON/OFF time mask for TDM operation in same carrier. And the other is ON/OFF time mask for TDM operation in different carrier. 
Currently, RAN4 only allowed TDM operation within different carrier operation in ITS spectrum. 
So, the switching period and position should be considered with same/different carrier in licensed band. In here, RAN4 shall consider the which slot be protected to switch between NR SL and NR SUu.

The priority rule would be used to decide the switching position for TDM operation between NR Uu and NR SL operation based on RAN2 TS38.321 for MAC protocol specification for V2X con-current operation in licensed band as follow for both same carrier and different carriers.
- if both sl-PrioritizationThres and ul-PrioritizationThres are configured, the assigned priority of each NR SL and NR Uu is higher the each threshold, then NR Uplink is high priority than NR SL transmission.
- if both sl-PrioritizationThres and ul-PrioritizationThres are configured, the assigned priority of each NR SL and NR Uu is lower the each threshold, then NR Uplink is high priority than NR SL transmission.
- if both sl-PrioritizationThres and ul-PrioritizationThres are configured, the assigned priority of NR SL is lower the sl-PrioritizationThres and the assigned priority of NR Uu is higher the ul-PrioritizationThres, then NR uplink is high priority than NR SL transmission.
- if both sl-PrioritizationThres and ul-PrioritizationThres are configured, the assigned priority of NR SL is higher the sl-PrioritizationThres and NR Uu is lower the ul-PrioritizationThres, then NR SL transmission is high priority than NR uplink.

For the TDM operation between NR SL and NR Uu in same carrier, RAN4 do not need to consider the switching period (150us) since it is only considered for TDM operation in different carrier to retune the center frequency between CC1 and CC2. 
So, RAN4 can define the ON/OFF time mask for TDM operation in same carrier as follow
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Figure 2-1: ON/OFF Time mask for TDM operation in same carrier from NR Uu to NR SL in licensed band
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Figure 2-2: 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 2-3: ON/OFF Time mask for TDM operation in same carrier from NR SL to NR Uu in licensed band (60kHz SCS)
For 60kHz SCS, 10us +10us transient period can over the 1 symbol punctured time period, then 1 slot will be exhausted due to the V2X resource scheduling perspective. Therefore, RAN4 can adjust the transient period with 8us + 8us to keep the 1symbol punctured time period for 60kHz SCS.
For the other ON/OFF time mask for TDM operation in different carrier, RAN4 can follow the decision of TDM operation between LTE V2X and NR V2X in ITS spectrum. 

To decide the ON/OFF time mask in different carrier, high priority is belong to NR Uu operation except V2X safety message in NR SL in licensed band as shown the priority rule in TS38.321. 

Hence, we propose the ON/OFF time mask for TDM operation in different carrier as figure 2-4.
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Figure 2-4 (a): ON/OFF Time mask for TDM operation in different carrier from NR SL/NR Uu to NR Uu/NR SL in licensed band
or
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Figure 2-4 (b): ON/OFF Time mask for TDM operation in different carrier from NR SL/NR Uu to NR Uu/NR SL in licensed band
In Figure 2-4, we prefer Figure 2-4 (b) which is more generic description to inform the position of switching time.  
Based on our analysis, we propose as follow
Proposal 1: RAN4 specify ON/OFF Time Mask for TDM operation in same carrier as shown in Figure 2-1 to Figure 2-3.
Proposal 2: For the ON/OFF time mask for TDM operation in different carrier, RAN4 specify the ON/OFF Time mask in Figure 2-4 (b).

3. [bookmark: _GoBack]Discussion on RF requirements for FDM operation
2. 
3. 
3.1 Transmitter Time difference between PC5 and Uu

In Rel-16 timeline, some operators requested that the SL operation is in sync with the non-V2X operation in the same licensed bands such as n79 or n38.


However, RRM session already agreed the and  for SL transmission in licensed band is 0us in TS38.133 as follow
12.2.3	NR Cell as synchronization reference source
The requirements in this subclause are applicable when the reference timing used for sidelink transmissions is a NR serving cell on a non-V2X sidelink carrier.



The sidelink transmissions takes place  before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell, where  = 0 and=0.

Also, RAN1 had sent reply LS to RAN4 [3] as follow 

	
	There are two options under discussion in RAN4 as below. 
Option 1: To follow the Rel-16 agreement to align SL transmission timing with DL timing.
Option 2: To reconsider SL transmission timing to align with UL timing to mitigate the interference between Uu and SL, i.e.
· For sidelink transmissions, 
· SL transmission timing is aligned with Uplink timing when Uu and sidelink is TDMed/FDMed coexistence in the same band, including TDM coexistence within the same carrier or different carriers. 
· Otherwise, SL transmission timing is aligned with Downlink timing.
RAN4 respectfully ask RAN1 to clarify that is it feasible that RAN4 consider option 2 from RAN1 perspective to define SL transmission timing to align with UL timing when SL is synchronized to a network?



Response to RAN4:

· There is no consensus in RAN1 on the feasibility of option 2(using UL timing as a reference for NR SL transmission) in Rel-17.
RAN1 notes that there is only 1 meeting left for RAN1 in Rel-17 sidelink enhancement, and there is no objective on SL synchronization enhancement in Rel-17 eSL WID.



So, as RAN4 shall consider the option 1 as above Timing Alignment to derive RF core requirements for intra-band con-current V2X operation in n79.
Proposal 3: To derive intra-band con-current V2X RF requirements, RAN4 shall consider the SL transmission TA will be aligned DL timing with NTA_SL =0 and specific NTA_offset value.

Based on the above option1, RAN4 consider the real transmission timing between NR UL/DL and SL which has some timing offset as shown in Figure 3-1 for FDM operation.
.
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Figure 3-1. Tx/Rx timing descriptions for con-current operation
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Figure 3-2. Analysis of the transmission time difference for con-current operation
In Figure 3-2, we analyse the self-interference problem between PC5 and Uu operation. When we consider the separate RF architecture, the SL transmitted signal power can leak into the own NR received signal (black region) as Case1.
But, NR DL slot have some time gap from UL slot as in Case1 in Figure3-2. So we can expect that there is no interference problem in Case1.
In Case2, the 1st slot of TDD DL/UL configuration is assigned UL slot but there was no transmitted signal in Uu operation, so the 1st SL slot is operated to receive SL signal, then the second slot of UL signal will leak into the SL reception (blue region) due to the TA difference as shown in Case2. However, RAN4 decided to puncture the last symbol (71.4us for SCS 15kHz, 35.7us for SCS 30kHz, 17.9us for SCS 60kHz) in SL slot. 
Also the TA (Timing advance) can be estimated as the equation of TA = NTA + NTA offset. In other word, the general TA is decided by propagation delay of NTA and NTA offset which were specified in section 7.1.2 in TS38.133 as follow
Table 7.1.2-2: The Value of [image: ]in TS38.133
	Frequency range and band of cell used for uplink transmission
	[image: ](Unit: TC)

	FR1 FDD or TDD band with neither E-UTRA–NR nor NB-IoT–NR coexistence case 
	25600 (Note 1) = 13us

	FR1 FDD band with E-UTRA–NR and/or NB-IoT–NR coexistence case 
	0 (Note 1)

	FR1 TDD band with E-UTRA–NR and/or NB-IoT–NR coexistence case
	39936 (Note 1) = 20us

	FR2
	13792



The maximum NTA offset is 20 us in licensed band with 39936*Tc, the expected NTA is calculated according to cell range. If the cell rang is 500m, then the estimated NTA is 3.3us NTA= 2*Td = 2* (500/3*108)= 2*1.67 us = 3.3us. Also the cell range is 1km, then 6.6us is considered. So if RAN4 assumed 1km cell range, then the worst expected TA is calculated about 26.6 us as NTA + NTA offset = 6.6 + 20us. 
However, RAN1 considered the NR SL transmission is only allow NTA, SL = 0 in TS38.211 as follow.
	[bookmark: _Toc74660597]8.5	Timing (in TS38.211)
Transmission of a sidelink radio frame number  from the UE shall start  seconds before the start of the corresponding timing reference frame at the UE. The UE is not required to receive sidelink or downlink transmissions earlier than the value of , which is given in [TS 38.133], after the end of a sidelink transmission.
For sidelink transmissions:
If the UE has a serving cell fulfilling the S criterion according to clause 8.2 of [TS 38.304]
-	The timing of reference radio frame  equals that of downlink radio frame  in the cell with the same uplink carrier frequency as the sidelink and
-	 is given by clause 4.3.1 of [TS 38.211],
Otherwise 
-	The timing of reference radio frame i is implicitly obtained from clause 4.2 of [TS 38.213] and
-	.


Figure 8.5-1: Sidelink timing relation
The quantity  equals to 0.



Also, RAN4 considered NR only system in n79, then the NTA offset = 13us in Table 7.1.2-2 in TS38.133.

But, the real overlapped timing between SL and NR UL is only NTA time 6.6us with 1km cell range in n79 as shown in Figure 3-3.
In Figure 3-3, the uplink Tx Time Advance (TA) = 13us+6.6us =19.6us in cell range 1km coverage in n79. The SL TA is only consider with NTA offset = 13us, then we can see the only about 6.6us will be interfered in SL reception slot by NR uplink as shown in Figure 3-3.
[image: ]
Figure 3-3. Analysis of the interference problems for the time alignment between NR Uu and NR SL for intra-band con-current operation

Based on Figure 3-3 in n79, we can expect that the intra-band con-current V2X UE only interfered in 6.6us timing which is overlapped between NR UL transmission and NR SL transmission. 
Therefore the interference problem by UL transmission does not make any interference issues to the own SL reception since 6.6us is included in the punctured symbol time for all SCS waveforms.
Observation 1: In n79, the TA time difference between NR UL and NR SL is expected within NTA in Figure 3-3. 
Proposal 4: When RAN4 consider 1km cell range in n79, SL reception do not have any interference problem in its own device since the overlapped time (6.6us) is belong to the punctured last symbol time for all SCS waveforms.

Furthermore, there is not any interference problem for intra-band con-current V2X UE operation in n79 up to cell range 2km. the expected NTA is 13.2us in 2km cell range. 
Observation 2: There is not any interference problem for intra-band con-current V2X UE operation in n79 up to cell range 2km since the expected NTA is 13.2us in 2km cell range which is also belong to the punctured last symbol time for all SCS waveforms.

1. 
2. 
3. 
4. Specification aspect for intra-band con-current V2X operation in a licensed band

To support simultaneous NR uplink and SL transmission in a licensed band, RAN4 needs to specify the con-current NR V2X operating bands in TS38.101-1.
For TDM operation, RAN4 only to define operating band for V2X_n79A-n79A and ON/OFF time mask in same carrier firstly as shown in Section 2. And the ON/OFF time mask in different carrier will be decided based on Rel-16 TDM operation between LTE V2X and NR V2X in ITS spectrum.
For the FDM operation, RAN4 shall define the follow RF core requirements in TS38.101-1 based on separate RF architecture.
Table 4-1: NR V2X UE Tx/Rx RF requirements in TS 38.101-1
	Section / Clause
	Description

	5.3E
	V2X operating band
Define the con-current operating bands for V2X_n79-n79

	6.2E.1
	UE maximum output power for intra-band con-current V2X UE
Define V2X_n79-n79 with PC3

	6.2E.2
	UE maximum output power for intra-band con-current V2X UE
Define MPR for intra-band contiguous/non-contiguous V2X_n79-n79 with PC3

	6.2E.3
	UE maximum output power with additional requirements, 
Define A-MPR for intra-band contiguous/non-contiguous V2X_n79-n79 if the regional regulatory requirements for PC3 are identified

	6.2E.4
	Configured transmitted Power for intra-band con-current V2X UE
Define additional requirements for configured Tx power to support intra-band contiguous or non-contiguous con-current operation

	6.3E.1
	Minimum output power for intra-band con-current V2X UE
Define min. output power requirements to support intra-band contiguous or non-contiguous con-current operation

	6.3E.2
	Transmit OFF power for intra-band con-current V2X UE
Define Transmit OFF power requirements to support intra-band contiguous or non-contiguous con-current operation

	6.3E.3
	Transmit ON/OFF time mask for intra-band con-current V2X UE
Define Transmit ON/OFF time mask to support intra-band contiguous or non-contiguous con-current operation

	6.3E.4
	Power control for intra-band con-current V2X UE
Define power control requirements to support intra-band contiguous or non-contiguous con-current operation

	6.4E.1
	Frequency error for intra-band con-current V2X UE
Define Frequency error requirements to support intra-band contiguous or non-contiguous con-current operation

	6.4E.2
	Transmit modulation quality for intra-band con-current V2X UE
Define EVM, carrier leakage, IBE, spectrum flatness to support intra-band contiguous or non-contiguous con-current operation 

	6.5E.1
	Occupied bandwidth for intra-band con-current V2X UE
Define Occupied bandwidth requirements to support intra-band contiguous or non-contiguous con-current operation

	6.5E.2
	Out of band emission for intra-band con-current V2X UE
 Define ACLR, SEM, A-SEM for ITS spectrum to support intra-band contiguous or non-contiguous con-current operation

	6.5E.3
	Spurious emissions for intra-band con-current V2X UE
 Define UE-to-UE coexistence requirements for intra-band contiguous or non-contiguous con-current operation

	6.5E.4
	Transmit intermodulation for intra-band con-current V2X UE
Define Transmit intermodulation requirements for intra-band contiguous or non-contiguous con-current operation

	7.3E.3
	REFSENS requirements for intra-band con-current V2X UE
Define REFSENS requirements for intra-band contiguous or non-contiguous con-current operation

	7.4E.2
	Max. Input level for intra-band con-current V2X UE
Define max. input levels requirements for intra-band contiguous or non-contiguous con-current operation

	7.5E.2
	ACS for intra-band con-current V2X UE
Define ACS requirements for intra-band contiguous or non-contiguous con-current operation

	7.6E.2 and 7.6E.3
	Blocking characteristics for intra-band con-current V2X UE
Define in-band blocking/out-of-band blocking requirements for intra-band contiguous or non-contiguous con-current operation

	7.7E.2
	Spurious response for intra-band con-current V2X UE
Define spurious response requirements for intra-band contiguous or non-contiguous con-current operation

	7.8E.3
	Wideband intermodulation for intra-band con-current V2X UE
Define wideband intermodulation requirements for intra-band contiguous or non-contiguous con-current operation



Based on the above RF architecture and specification works, the intra-band con-current operation in a licensed band will be supported as the simultaneous transmission in Rel-17. 
Based on above analysis, we propose as follow

Proposal 5: Based on Table 4-1, RAN4 define the detailed RF requirements for intra-band con-current V2X operation in TDD band.
2. 
3. 
4. 

2. 
3. 
4. 
4. 
4.1 REFSENS requirements for intra-band con-current V2X UE
In TR38.886, RAN4 decided the detail RF parameters for REFSENS requirements in licensed bands as follow
The V2X 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 equal to or less than 24RBs, 0.5dB additional relaxation is allowed.
-	Target SNR: -0.5 dB
-	Diversity gain: 3dB

So, the above equation will be applied to decide the REFSENS requirements in licensed band such as n79 NR band. Basically, the existing REFSENS requirements for NR Uu operation in n79 are reused for intra-band con-current V2X operation.
Also, the expected REFSENS requirements are proposed in n79 NR band for SL operation as shown in Table 4-2, 4-3 and 4-4.

Table 4-2: 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 4-3: 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 4-4: 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
	



Proposal 6: Based on Table 4-2, 4-3 and 4-4, RAN4 define the REFSENS requirements for intra-band con-current V2X operation in n79.
 
5. Conclusions
	In this contribution, we provide our views on the timing Alignment impact for the intra-band con-current V2X UE in n79 based on the candidate RF architecture. 
In session 3, we shared two observation as follow

Observation 1: In n79, the TA time difference between NR UL and NR SL is expected within NTA in Figure 3-3. 
Observation 2: There is not any interference problem for intra-band con-current V2X UE operation in n79 up to cell range 2km since the expected NTA is 13.2us in 2km cell range which is also belong to the punctured last symbol time for all SCS waveforms.

And we propose to specify the RF core requirements for the intra-band con-current V2X UE in licensed band as follow

Proposal 1: RAN4 specify ON/OFF Time Mask for TDM operation in same carrier as shown in Figure 2-1 to Figure 2-3.
Proposal 2: For the ON/OFF time mask for TDM operation in different carrier, RAN4 specify the ON/OFF Time mask in Figure 2-4 (b).
Proposal 3: To derive intra-band con-current V2X RF requirements, RAN4 shall consider the SL transmission TA will be aligned DL timing with NTA_SL =0 and specific NTA_offset value.
Proposal 4: When RAN4 consider 1km cell range in n79, SL reception do not have any interference problem in its own device since the overlapped time (6.6us) is belong to the punctured last symbol time for all SCS waveforms.
Proposal 5: Based on Table 4-1, RAN4 define the detailed RF requirements for intra-band con-current V2X operation in TDD band.
Proposal 6: Based on Table 4-2, 4-3 and 4-4, RAN4 define the REFSENS requirements for intra-band con-current V2X operation in n79.
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