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Introduction

This contribution provides RF requirmeents for remaining open issues for sidelink enhancements in Rel-17. In this paper, we propose the detail RF requirements to address the remaining open issues. 
************* Start of the TP in subcluase 5 of TR 38.785 ***************
5.2
Intra-band V2X operation in a licensed band
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:
· 1st priority: TDM with same carrier or different carrier (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 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.
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 and non-contiguous V2X con-current operation with FDM operation, simultaneous UL transmission and SL reception in TDD band are not allowed. 
In Rel-17, SL transmission timing remains aligned with UL timing as defined in Rel-16. When it comes to intra-band Uu and V2X operation in a licensed band, it is more likely to have self-interference between Uu and SL, especially for the same carrier. Uu timing and SL timing are illustrated in figure 5.2.1-1.
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Figure 5.2.1-1: Uu timing and SL timing
The timing for sidelink radio frame shall start [image: image3.png](Ntast + Ntaofser) * Te



 seconds before the start of DL as timing reference radio frame. Refer to TS 38.211 sub-clause 8.5, for intra-band concurrent operation, the  [image: image5.png]Nraoffset



 is given by clause 4.3.1 of [TS 38.211] while The quantity [image: image7.png]


 equals to 0. Hence the following timing advance for sidelink and uplink can be found as:

-The denoted sidelink timing advance TTA,SL = [image: image9.png]Nraoftser * Te




-The denoted uplink timing advance TTA= [image: image11.png](Ntast + Ntaofser) * Te




The overlapping of SL and UL is the timing difference as ΔT = TTA,SL - TTA=  [image: image13.png]



The detailed self-interference problem is illustrated in figure 5.2.1-2. The overlapping part of UL slot and SL Rx slot (blue shadow part) implies UL transmission has interference to SL reception due to timing misalignment between SL and UL. On the other hand, SL transmission has no interference to DL reception since SL timing is currently aligned with DL timing. 
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Figure 5.2.1-2: UL Tx interfering to SL Rx
The last symbol of each SL slot is punctured as guard period. However, UL transmission still has interference to SL reception when the timing advance is larger than the length of one symbol, particularly for the UE with a large cell size. 
5.2.2
Coexistence evaluation
5.2.2.1 Coexistence evaluation scenarios

In the coexistence evalutions for intra-band con-current V2X operation, RAN4 allowed the TDM operation between NR Uu and NR SL and also allowed the FDM operation with synchronous operation between NR Uu and NR SL in a licensed band. Therefore, the adjacent coexistence evaluation is not necessary to allow the intra-band con-current V2X operation in a licensed band since the intra-band con-current operations are quite similar to the intra-band NR CA operation in a licensed band. 


5.2.2.2 Conclusion of Coexistence evaluations

Based on the intra-band V2X operation scenarios and basic assumptions in section 5.2.1, RAN4 do not need to study the adjacent coexistence evaluation analysis in a licensed band. Because RAN4 agreed the operation scenarios priority in section 5.2.1. And also, the simultaneous UL transmission and SL reception in TDD band are not allowed in 2nd priority and 3rd priority. 

Hence, the coexistence evaluation is not necessary to allow the intra-band con-current V2X operation in a licensed band since the intra-band con-current operations are quite similar to the intra-band NR CA operation in a licensed band. Therefore, the intra-band con-current V2X UE can be coexisted with legacy NR system.
<Unchanged sections are omitted>

5.2.3.2 Tx requirements for intra-band V2X operation with TDM operation
5.2.3.2.1
Additional Tx requirements for TDM operation

To decide the switching position for TDM operation in same/different carrier, RAN4 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.

In RAN4 #101 meeting, RAN4 decided to apply the different TA between NR Uu and NR SL. The expected NR Uu’s TA is 6.6us + 13us =19.6us when RAN4 assumed cell range with 1km. But the TASL is only considered the NTA_offset with 13us as shown in Figure 5.2.3.2.1-1. 

NOTE: The different TA between NR SL and NR Uu could be interfered each other carrier. Some cases, the interference problem are elimited by last symbol puncturing and other means. Specially, the interference problem will be raised for the larger cell range such as over 5km cell range.
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Figure 5.2.3.2.1-1 Analysis of the interference problems for the time alignment between NR Uu and NR SL for intra-band con-current operation
The detail UL slot and SL slot are described as follow in Figure 5.2.3.2.1-2.
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Figure 5.2.3.2.1-2. NR SL and NR UL allocated slots with different TA in same/differnt carrier

In scenario 1, RAN4 can consider two cases (case 1 and Case 2) according to the priority rules between NR Uu and NR SL as shown in Figure 5.2.3.2.1-3 in same carrier. 
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Figure 5.2.3.2.1-3. 4 operating cases based on priority between NR SL and NR UL with different TA in same carrier
In Figure 5.2.3.2.1-3, the yellow colour region is the agreed switching time position for TDM operation between NR UL slot n and NR SL slot n+1. In here, there are NTA time (6.6us) between UL slot and NR next slot as shown in Case 1 and Case 2. There was no TA problem for TDM operation in same carrier and the high priority carrier (green colour) shall be protected without any TA interference problem as shown in Case 1 and Case 2.

In scenario 2, RAN4 also consider two cases (Case 3 and Case 4) according to the priority rules between NR Uu and NR SL as shown in Figure 5.2.3.2.1-3 in same carrier. 

In case 3, the high priority is in NR Uu for switching time from SL slot n+i to UL slot n+i+1, then the UL slot shall be protected from the SL transmission. But NTA time (6.6us) of NR UL slot was overlapped with previous SL slot n+i and the UL signal will be lost since the overlapped region was considered as switching time for TDM operation. 
In case 4, the high priority is in NR SL for switching time from SL slot n+i to UL slot n+i+1 as shown in Figure 5.2.3.2.1-3, then the SL slot shall be protected from the UL transmission. But, there was not exist the SL signal in the overlapped NTA time (6.6us) which was belong to the punctured last symbol of NR SL. Therefore, the high priority NR SL shall be protected by TA interference problem and keep the agreed ON/OFF time mask in Figure 5.2.3.2.1-5.

For the TDM operation in same carrier, the following transmit ON/OFF time mask are applied.
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Figure 5.2.3.2.1-4: ON/OFF Time mask for TDM operation in same carrier from NR Uu to NR SL in licensed band
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Figure 5.2.3.2.1-5: ON/OFF Time mask for TDM operation in same carrier from NR SL to NR Uu in licensed band 

For the TDM operation in different carrier, the following transmit ON/OFF time mask is applied.
[TBD]

For intra-band V2X operating UE in Band n79 with TDM mode, the configured transmitted power each RAT specified in clause 6.2.4 in TS38.101-1 and in clause 6.2E.4 in TS38.101-1 which will apply for NR uplink carrier and NR V2X carrier, respectively.
5.2.3.3 Other Tx/Rx requirements for intra-band V2X operation with TDM operation
For intra-band V2X operating UE in Band n79 with TDM mode, the each Tx/Rx requirements specified in TS38.101-1 which will be applied for NR uplink carrier and NR SL carrier respectively. 

5.2.4
Intra-band contiguous V2X con-current operation with FDM operation
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_n79B
	NR band n79
	40, 50, 60, 80
	10,20,30,40
	100
	0


5.2.4.2 Tx requirements for intra-band contiguous V2X con-current operation with FDM operation
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/-3
	23
	+2/-3
	
	

	
	
	
	
	
	
	
	
	

	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 


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
	23dBm: Back off 3dB with 23dBm 2 PAs or

26 dBm: 23dBm 2 PAs

	numerology
	15 kHz/30kHz/60kHz

	Modulation
	QPSK/16QAM/64QAM/256QAM

Individual modulation order will be considered between NR SL and NR Uu

	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
10 for NR SL(minimum value)

1 for NR Uu (minimum value),

The values are selected for worst case in aspect of MPR.

	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.

For NR intra-band V2X con-current operation with adjacent channel, the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 5.2.4.2.1-1 with contiguous RB allocation is specified in Table 5.2.4.2.2-3 for UE power class 3 with bandwidth class B. 

Table 5.2.4.2.2-3: Contiguous RB allocation for Power Class 3
	Higher Modulation order between sidelink and uplink 
	MPR for bandwidth class B(dB)

	
	inner
	outer

	CP-OFDM
	QPSK
	≤ [2.5]
	≤ [4.5]

	
	16QAM
	≤ [2.5]
	≤ [4.5]

	
	64QAM
	≤ [4.5]
	≤ [5.0]

	
	256QAM
	≤ [6.0]
	≤ [6.0]


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 5.2.4.2.1-1 with non-contiguous RB allocation is specified in Table 5.2.4.2.2-4 for UE power class 3 with bandwidth class B. 

Table 5.2.4.2.2-4: Non-contiguous RB allocation for Power Class 3

	Higher Modulation order between sidelink and uplink 
	MPR for bandwidth class B(dB)

	
	inner
	Outer1
	Outer2

	CP-OFDM
	QPSK
	≤ [2.5]
	≤ [4.0]
	≤ [4.5]

	
	16QAM
	≤ [2.5]
	≤ [4.0]
	≤ [4.5]

	
	64QAM
	≤ [4.5]
	≤ [4.5]
	≤ [5.0]

	
	256QAM
	≤ [6.0]
	≤ [6.0]
	≤ [6.0]


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∙2(1
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 5.2.4.2.1-1 with contiguous RB allocation is specified in Table 5.2.4.2.2-5 for UE power class 2 with bandwidth class B. 

Table 5.2.4.2.2-5: Contiguous RB allocation for Power Class 2
	Higher Modulation order between sidelink and uplink 
	MPR for bandwidth class B(dB)

	
	inner
	outer

	CP-OFDM
	QPSK
	≤ [3.0]
	≤ [5.5]

	
	16QAM
	≤ [4.0]
	≤ [5.5]

	
	64QAM
	≤ [5.5]
	≤ [6.0]

	
	256QAM
	≤ [7.5]
	≤ [7.5]


For NR intra-band V2X con-current operation with adjacent channel, the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 5.2.4.2.1-1 with non-contiguous RB allocation is specified in Table 5.2.4.2.2-6 for UE power class 2 with bandwidth class B. 

Table 5.2.4.2.2-6: Non-contiguous RB allocation for Power Class 2
	Higher Modulation order between sidelink and uplink 
	MPR for bandwidth class B(dB)

	
	inner
	Outer1
	Outer2

	CP-OFDM
	QPSK
	≤ [3.0]
	≤ [5.5]
	≤ [6.0]

	
	16QAM
	≤ [4.5]
	≤ [5.5]
	≤ [6.5]

	
	64QAM
	≤ [5.5]
	≤ [6.5]
	≤ [7.0]

	
	256QAM
	≤ [8.0]
	≤ [8.0]
	≤ [8.0]


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

<Unchanged sections are omitted>

5.3.6
Frequency error for V2X
For NR V2X UE supporting Tx diversity, the UE modulated carrier frequency at each transmit antenna connector shall be accurate to within ±0.1 PPM observed over a period of 1 ms in case of using GNSS synchronization source.
<Unchanged sections are omitted>
6
Sidelink enhancement for advanced V2X service, public safety and other commercial use cases
6.1
Coexistence evaluation

In LTE proximity service with SL operation in Rel-12, RAN4 already considered the PC1 and PC3 operation in a licensed band. And RAN4 already analysed the coexistence evaluation results based on the following three scenarios.
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Figure 6.1-1: D2D co-existence / network scenarios in TR36.877

And RAN4 already analysed the detail different points between LTE SL and NR SL operation in a licensed band.
· Number of RB size and RB allocation
· OLPC power control mechanism

· SINR T-put curve
Based on the diffierent points, RAN4 made consensus in WF (R4-2114978) without any additional coexistence evaluations.
6.1.1 Coexistence evaluation scenarios

In the RAN4 #100-e meeting, RAN4 agreed with option 1 in WF (R4-2114978) to protect B13/n13 and NR legacy Uu system in n14 from n14 PS operation as follow 
6.1.1.1 Protection of B13/n13 UE by n14 PS operation with PC1/PC3
· Agreements: RAN4 does not see the need for the additional coexistence evaluation to protect B13/n13 UE based on evaluation of the difference of coexisting simulation difference between NR SL UE and LTE SL UE

1. Always enable the OLPC in NR SL UE in-coverage: Network always configures the in-coverage NR SL with association to a network cell (e.g (a) and (b) in Figure 1 in Annex) and avoid the configuration where no network cell is associated NR SL UE (e.g the configuration of the (c) and (d) in Figure 1 of the annex)

2.  NR SL SINR to throughput table is similar with LTE V2X SNIR to throughput table.

6.1.1.2 Protection of legacy n14 Uu system in coverage NW scenarios
· Agreements: RAN4 does not see the need for the additional coexistence evaluation for based on evaluation of the difference of coexisting simulation difference between NR SL UE and LTE SL UE

1. NR SL SINR to throughput table is similar with LTE V2X SNIR to throughput table

2. RB allocations difference between NR SL and LTE V2X is not key factor for Coexisting simulation result. LTE 2 RB is worst case from interference point of view compared with the at least 10RB allocation for NR SL.

6.1.2  Conclusion of Coexistence evaluations
Based on the RAN4 agreements, the PC1/PC3 PS UE will be coexisted with legacy NR system in both in-coverage NW and out-of-coverage NW scenarios.
 

9
Conclusion and recommendations 
According to the coexistence simulation results and analysis, RAN4 made consensus for the NR SL enhancement UE will be coexisted with legacy NR system for PC2 V2X UE, intr-abnd con-current V2X UE and NR PS UE with sidelink operation.

For the leftover issues, RAN4 studied the coexistence evaluation in section 5.1.1 and specified the PC2 V2X UE RF requirements in section 5.1.2 and 5.1.3.

To support intra-band con-current V2X UE operation, RAN4 studied coexistence evaluation in section 5.2.2 and specified RF requirements in section 5.2.3 and 5.2.4.
The SL enhancement for advanced V2X service and public safety and other commercial use case, RAN4 evaluated the coexistence analysis in section 6.1 and specified the NR V2X UE RF requirements to support the following scenarios.

· Specify operating NR V2X bands and system parameters (Section 7)

· Specify RF core requirements (Section 8)

· Specify Tx requirements including A-MPR requirements for PC1/PC3 PS UE
· Specify Rx requirements
Above RF core requirements for NR SL enhancement, RAN4 will specify NR SL enhancement UE RF core requirements in TS38.101-1 for NR PC2 V2X operation, intra-band con-current V2X UE and PS UE using sidelink in FR1.
<End of Changed>
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