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Introduction
In RAN4 meeting #91, a WF[1] on NR V2X UE transmit timing error was approved as below, 
	· For NR V2X SL Tx timing error
· the following synchronization reference sources should be considered based on RAN1 agreement.
· GNSS
· gNB
· eNB 
· NR UE
· RAN4 shall study the impact of synchronization source selection if any of eNB and gNB can be used as sync source based on the conclusion of RAN4 RF or RAN1. 
· On top of timing error by each synchronization reference source at reception side, additional timing error should be considered, e.g., error depends on different SCS of transmit SL 
· For next meeting, companies are encouraged to present provide  their views on:
· Methodology used for deriving the NR V2X SL Tx timing error requirement
· NR V2X SL Tx timing error
· RAN4 shall study impact of BWP switching in NR Uu (DL/UL) on NR SL.



In this contribution we provide further discussion on the transit timing error for NR V2X with different reference sources.
Discussion
GNSS is used as synchronization reference source
For GNSS based synchronization, the values assumed for the LTE analysis could be reused for FR1 (i.e. [12]*64*Tc). For FR2, in general case similar timing accuracy values could apply. Same time, “12*64*Tc” timing accuracy may be insufficient for FR2 operation and will cause asynchronous operation due to short OFDM symbol duration and CP (~18*64*Tc for 120 kHz SCS). The “12*64*Tc” GNSS accuracy for LTE was defined under assumption of L1 band GNSS signal is available. The bandwidth for GNSS system is summarized as below,
GPS L1 Band: 1575.42 MHz with a bandwidth of 15.345 MHz
GPS L2 Band: 1227.6 MHz with a bandwidth of 11 MHz
GPS L5 Band: 1176.45 MHz with a bandwidth of 12.5 MHz
The two codes on the GNSS L1 carrier are the P code and the C/A code. The P code has a chip rate of 10.23 Mcps (time chip size is about 97.8 ns or 3*64*Tc) while the C/A code has a chip rate of 1.023Mcps (time chip size is about 977.5ns or 30*64*Tc). In the worst case, when the C/A code is used for UE measurement the rough measurement error is 15*64*Tc (half of the chip size) if no oversampling is assumed. However in current LTE spec the “12*64*Tc” timing accuracy already have taken into account the UE implementation gain and in our understanding the DL measurement error still dominate the timing accuracy regardless of SCS on the UE UL.
Thus, it is proposed to reuse the existing LTE V2X timing requirements for GNSS based synchronization source: 
Proposal 1:	The Te requirement on SL shall be applied as ±12*64*Tc for all SCS when GNSS is used as synchronization reference source.
gNB is used as synchronization reference source
If the synchronization reference source is gNB then it is very likely to reuse the same Te requirement as defined in TS38.133 section 7.1.2-1. However, the Te requirement in TS38.133 didn’t cover the case that SSB in one FR (e.g. FR1) but SL in other FR (e.g. FR2). So in order to address this issue, we need to understand the components in current Te requirement. Based on the previous agreement in RAN4 #85, 
	Agreement:
· Initial UE transmit timing error (Te):
· Principle: 
· For Te values, the downlink bandwidth of SSB and/or TRS and uplink SCS should be taken into account. 
· The different RF margins apply to different frequency ranges.
· The margin decrease with the increasing SCS
· The lower boundary of Te for each bandwidth/SCS should be expected
· Autonomous timing adjustment accuracy (Tq):
· Principle: 
· The fixed number of Maximum Autonomous Time Adjustment Step and maximum aggregate adjustment rate will be used for different SCS-es.
· The values for FR2 should be smaller than the value for FR1.


In our understanding, there two components in Te requirement as followings, 

Te = Error_DL+ Margin_UL 

1) DL timing estimation and quantization error (Error_DL): downlink timing estimation error and quantization error due to the time chip granularity
2) UL transmission with RF margin(Margin_UL): RF margins on uplink transmission due to different frequency ranges and SCS
Actually, in many cases Margin_UL is a compromised value among companies and it’s difficult to find a rule to derive it. So we would like to derive the Margin_UL from the current Te requirement table in TS38.133 (Te - Error_DL), which is similar methodology as in [2]. 
Regarding Error_DL, we assume the side condition for UE timing requirement is relatively good, e.g. SNR=3dB in existing test case setup, and therefore the Error_DL can be assumed as much as the quantization error, which is equivalent to the time chip granularity. The time chip granularity can be derived from the sampling time interval on DL, which can be denoted as,
Work assumption:

Error_DL = time chip granularity = Sampling time interval on DL (in relatively good channel condition)

Sampling time interval on DL = 1/ (∆fmax*Nf)
where ∆fmax is SCS size and Nf  FFT size. 
In order to consider the worst case, we assume system BW is same as SSB BW and therefore the smallest FFT size is 256.
Thus the Error_DL can be summarized as in following table,
Table 1. Error_DL summary (gNB as synchronization reference source)
	DL SCS(kHz)
	PSS/SSS BW
(MHz)
	SSB-PBCH BW
 (MHz)
	Min FFT size
	Sampling time interval
(64*Tc)
	Error_DL 
(64*Tc)

	15
	2.16
	3.6
	256
	8
	8

	30
	4.32
	7.2
	256
	4
	4

	120
	17.28
	28.8
	256
	1
	1

	240
	34.56
	57.6
	256
	0.5
	0.5


With the Error_DL values in Table1, we can accordingly derive the Margin_UL by using “existing_Te - Error_DL”,
Table 2.  Margin_UL summary 
	FR1

	DL SCS (kHz)
	UL SCS (kHz)
	Te Requirement in TS38.133
(64*Tc)
	Margin_UL 
(64*Tc)

	15
	15
	12
	4

	
	30
	10
	2

	
	60
	10
	2

	30
	15
	8
	4

	
	30
	8
	4

	
	60
	7
	3

	FR2

	DL SCS (kHz)
	UL SCS (kHz)
	Te Requirement in TS38.133 
(64*Tc)
	Margin_UL 
(64*Tc)

	120
	60
	3.5
	2.5

	
	120
	3.5
	2.5

	240
	60
	3
	2.5

	
	120
	3
	2.5


In RAN1 it was agreed on SCS for SL as,
	· NR sidelink supports the SCSs supported by Uu in a given frequency range, i.e., {15, 30, 60 kHz} in FR1 and {60, 120 kHz} in FR2.


And to derive the Te for SL, we also will follow the principle that, if the DL SCS are same, when SL SCS becomes larger, the Te requirement shall be in a non-increasing order. For example, in case of DL SCS=15kHz and SL SCS =120kHz, Te= Error_DL+ Margin_UL=(8+2.5)*64*Tc =10.5*64*Tc; however, it is larger than Te for DL SCS=15kHz and SL SCS =60kHz, so in this case we will choose to use Te value (10*64*Tc) for this case. 
Principle 1: non-increasing Te will be applied, if the SSB SCS size is fixed and SL SCS size is increased.
And for the case of UL SCS=30kHz, the Margin_UL in table 2 is different between DL SCS=15kHz and 30kHz, and our assumption to choose the worst case for requirement design. So if DL SCS=120kHz and SL SCS=30kHz, the Te= Error_DL+ Margin_UL=1*64*Tc +max(2,4)*64*Tc=5*64*Tc
Principle 2: always use max Margin_UL value to derive the minimum requirement, if Margin_UL have different values for a single UL SCS associated with different DL SCS sizes.
Then the requirement for UE timing for V2X can be derived as,
Table 3. Te requirement for NR SL (gNB as synchronization reference source)
	SCS of SSB signals (KHz)
	SCS on SL(KHz)
	Te for SL
	Note

	15
	15
	12*64*Tc
	Same as TS38.133

	
	30
	10*64*Tc
	Same as TS38.133

	
	60 in FR1
	10*64*Tc
	Same as TS38.133

	
	60 in FR2
	10*64*Tc 
	Te= Error_DL+ Margin_UL =(8 +2.5)* 64*Tc =10.5* 64*Tc, but according to principle 1, 10*64*Tc shall be applied.   

	
	120
	10*64*Tc
	Te= Error_DL+ Margin_UL =(8 +2.5)* 64*Tc =10.5* 64*Tc, but according to principle 1, 10*64*Tc shall be applied.   

	30
	15
	8*64*Tc
	Same as TS38.133

	
	30
	8*64*Tc
	Same as TS38.133

	
	60 in FR1
	7*64*Tc
	Same as TS38.133

	
	60 in FR2
	6.5*64*Tc
	Te= Error_DL+ Margin_UL =(4 +2.5)* 64*Tc =6.5* 64*Tc

	
	120
	6.5*64*Tc
	Te= Error_DL+ Margin_UL =(4 +2.5)* 64*Tc =6.5* 64*Tc

	120
	15
	5*64*Tc
	Te= Error_DL+ Margin_UL =(1 +4)* 64*Tc =5* 64*Tc

	
	30
	5*64*Tc
	Te= Error_DL+ Margin_UL =(1 + max(2,4))* 64*Tc =5* 64*Tc (principle 2)

	
	60 in FR1
	4*64*Tc
	Te= Error_DL+ Margin_UL =(1 + max(2,3))* 64*Tc =4* 64*Tc (principle 2)

	
	60 in FR2
	3.5*64*Tc
	Same as TS38.133

	
	120
	3.5*64*Tc
	Same as TS38.133

	240
	15
	4.5*64*Tc
	Te= Error_DL+ Margin_UL =(0.5 +4)* 64*Tc =4.5* 64*Tc

	
	30
	4.5*64*Tc
	Te= Error_DL+ Margin_UL =(0.5 + max(2,4))* 64*Tc =4.5* 64*Tc (principle 2)

	
	60 in FR1
	3.5*64*Tc
	Te= Error_DL+ Margin_UL =(0.5 + max(2,3))* 64*Tc =3.5* 64*Tc (principle 2)

	
	60 in FR2
	3*64*Tc
	Same as TS38.133

	
	120
	3*64*Tc
	Same as TS38.133


Based on the analysis above, we propose that,
Proposal 2: the following Te requirement on SL shall be applied when gNB is used as synchronization reference source.
	SCS of SSB signals (KHz)
	SCS on SL(KHz)
	Te for SL

	15
	15
	12*64*Tc

	
	30
	10*64*Tc

	
	60 in FR1
	10*64*Tc

	
	60 in FR2
	10*64*Tc 

	
	120
	10*64*Tc

	30
	15
	8*64*Tc

	
	30
	8*64*Tc

	
	60 in FR1
	7*64*Tc

	
	60 in FR2
	6.5*64*Tc

	
	120
	6.5*64*Tc

	120
	15
	5*64*Tc

	
	30
	5*64*Tc

	
	60 in FR1
	4*64*Tc

	
	60 in FR2
	3.5*64*Tc

	
	120
	3.5*64*Tc

	240
	15
	4.5*64*Tc

	
	30
	4.5*64*Tc

	
	60 in FR1
	3.5*64*Tc

	
	60 in FR2
	3*64*Tc

	
	120
	3*64*Tc


eNB is used as synchronization reference source
If the eNB is used as synchronization reference source, we also think the Te requirement has two parts:

Te = Error_DL+ Margin_UL 

In TS36.133, the Te requirement is specified as:
	Table 7.1.2-1: Te Timing Error Limit
	Downlink Bandwidth (MHz)
	Te_

	1.4
	24*TS

	≥3
	12*TS

	Note:	TS is the basic timing unit defined in TS 36.211





In a very old RAN4 paper (R4-090245), the design logic was disclosed: the Te requirement is derived from 1.5* system time chip size; “1.5” scaling factor is from UMTS timing accuracy. The reason why the table stopped at 3MHz is because there is no obvious benefit to achieve higher accuracy on Tx timing by using larger BW. However, in order to design the Te requirement for SL, we need to know how much is the Error_DL from Uu link, and we also assume the Error_DL includes downlink timing estimation error and quantization error due to the time chip granularity. In LTE, the side condition for timing requirement is also relatively good, so Error_DL can be assumed as much as the quantization error as well. To be more precise, we would like to extend the LTE table to cover all the BW cases, like following,
Table 4. Error_DL summary (eNB as synchronization reference source)
	Downlink Bandwidth (MHz)
	Base Sampling rate
(MHz)
	Sampling time interval
(64 * Tc)
	Error_DL
(64*Tc)

	1.4
	1.92
	16
	16

	3
	3.84
	8
	8

	5
	7.68
	4
	4

	10
	15.36
	2
	2

	20
	30.72
	1
	1


Then the Margin_UL can refer to table 2 and therefore the complete Te requirement table is as below (principle 1 and 2 shall also be taken into account here),
Table 5. Complete table for Te for NR SL (eNB as synchronization reference source)
	Uu link BW (MHz)
	SCS on SL(KHz)
	Te for SL
	Note

	1.4
	15
	20*64*Tc
	Te= Error_DL+ Margin_UL =(16 +4)* 64*Tc =20* 64*Tc,

	
	30
	20*64*Tc
	Te= Error_DL+ Margin_UL =(16 + max(2,4))* 64*Tc =20* 64*Tc (principle 2)

	
	60 in FR1
	19*64*Tc
	Te= Error_DL+ Margin_UL =(16 + max(2,3))* 64*Tc =20* 64*Tc (principle 2)

	
	60 in FR2
	18.5*64*Tc 
	Te= Error_DL+ Margin_UL =(16 +2.5)* 64*Tc =20* 64*Tc

	
	120
	18.5*64*Tc
	Te= Error_DL+ Margin_UL =(16 +2.5)* 64*Tc =20* 64*Tc

	3
	15
	12*64*Tc
	Te= Error_DL+ Margin_UL =(8 +4)* 64*Tc =12* 64*Tc,

	
	30
	12*64*Tc
	Te= Error_DL+ Margin_UL =(8 + max(2,4))* 64*Tc =12* 64*Tc (principle 2)

	
	60 in FR1
	11*64*Tc
	Te= Error_DL+ Margin_UL =(8 + max(2,3))* 64*Tc =11* 64*Tc (principle 2)

	
	60 in FR2
	10.5*64*Tc
	Te= Error_DL+ Margin_UL =(8 +2.5)* 64*Tc =10.5* 64*Tc

	
	120
	10.5*64*Tc
	Te= Error_DL+ Margin_UL =(8 +2.5)* 64*Tc =10.5* 64*Tc

	5
	15
	8*64*Tc
	Te= Error_DL+ Margin_UL =(4 +4)* 64*Tc =8* 64*Tc,

	
	30
	8*64*Tc
	Te= Error_DL+ Margin_UL =(4 + max(2,4))* 64*Tc =8* 64*Tc (principle 2)

	
	60 in FR1
	7*64*Tc
	Te= Error_DL+ Margin_UL =(4 + max(2,3))* 64*Tc =7* 64*Tc (principle 2)

	
	60 in FR2
	6.5*64*Tc
	Te= Error_DL+ Margin_UL =(4 +2.5)* 64*Tc =6.5* 64*Tc

	
	120
	6.5*64*Tc
	Te= Error_DL+ Margin_UL =(4 +2.5)* 64*Tc =6.5* 64*Tc

	10
	15
	6*64*Tc
	Te= Error_DL+ Margin_UL =(2 +4)* 64*Tc =6* 64*Tc,

	
	30
	6*64*Tc
	Te= Error_DL+ Margin_UL =(2 + max(2,4))* 64*Tc =6* 64*Tc (principle 2)

	
	60 in FR1
	5*64*Tc
	Te= Error_DL+ Margin_UL =(2 + max(2,3))* 64*Tc =5* 64*Tc (principle 2)

	
	60 in FR2
	4.5*64*Tc
	Te= Error_DL+ Margin_UL =(2 +2.5)* 64*Tc =4.5* 64*Tc

	
	120
	4.5*64*Tc
	Te= Error_DL+ Margin_UL =(2 +2.5)* 64*Tc =4.5* 64*Tc

	20
	15
	5*64*Tc
	Te= Error_DL+ Margin_UL =(1 +4)* 64*Tc =5* 64*Tc,

	
	30
	5*64*Tc
	Te= Error_DL+ Margin_UL =(1 + max(2,4))* 64*Tc =5* 64*Tc (principle 2)

	
	60 in FR1
	4*64*Tc
	Te= Error_DL+ Margin_UL =(1 + max(2,3))* 64*Tc =4* 64*Tc (principle 2)

	
	60 in FR2
	3.5*64*Tc
	Te= Error_DL+ Margin_UL =(1 +2.5)* 64*Tc =3.5* 64*Tc

	
	120
	3.5*64*Tc
	Te= Error_DL+ Margin_UL =(1 +2.5)* 64*Tc =3.5* 64*Tc


Since the complete table is too long and complicated, in the worst case we only need to take into account 1.4MHz and 3MHz case from LTE Uu link; and therefore we propose that,
Proposal 3: the following Te requirement on SL shall be applied when eNB is used as synchronization reference source.
	Uu link BW (MHz)
	SCS on SL(KHz)
	Te for SL

	1.4
	15
	20*64*Tc

	
	30
	20*64*Tc

	
	60 in FR1
	19*64*Tc

	
	60 in FR2
	18.5*64*Tc 

	
	120
	18.5*64*Tc

	≥3
	15
	12*64*Tc

	
	30
	12*64*Tc

	
	60 in FR1
	11*64*Tc

	
	60 in FR2
	10.5*64*Tc

	
	120
	10.5*64*Tc


NR UE is used as synchronization reference source
If NR UE is used as synchronization reference source, the first thing need to check is the BW of S-SSB on SL. Some agreements were made in RAN1, as below,
	· Agreements on S-SSB structure
· In NR V2X, S-SSB bandwidth is 11RBs. 
· PSBCH spans 11RBs.
· The S-SSB is designed following combination 1.
· Length-127 M-sequences for S-PSS and length-127 Gold sequences for S-SSS
· Two symbols are used for each of S-PSS and S-SSS, respectively.


Similar methodology as in section 2.2, we also need to calculate the sampling time interval. Since the S-SSB is on 11RBs (132REs), the minimum FFT size could be 256. So the Error_DL can be summarized as in following table,
Table 6. Error_DL summary (NR UE as synchronization reference source)
	SL SCS(kHz)
	S-SSB BW
 (MHz)
	Min FFT size
	Sampling time interval
(64*Tc)
	Error_DL 
(64*Tc)

	15
	1.98
	256
	8
	8

	30
	3.96
	256
	4
	4

	60
	7.92
	256
	2
	2

	120
	15.84
	256
	1
	1


Then the Margin_UL can refer to table 2 and therefore the Te requirement table is as below (principle 1 and 2 shall also be taken into account here),
Table 7. Te requirement for NR SL (NR UE as synchronization reference source)
	NR refUE S-SSB SCS (KHz)
	SCS on SL(KHz)
	Te for SL
	Note

	15
	15
	12*64*Tc
	Te= Error_DL+ Margin_UL =(8 +4)* 64*Tc =12* 64*Tc,

	
	30
	12*64*Tc
	Te= Error_DL+ Margin_UL =(8 + max(2,4))* 64*Tc =12* 64*Tc (principle 2)

	
	60 in FR1
	11*64*Tc
	Te= Error_DL+ Margin_UL =(8 + max(2,3))* 64*Tc =11* 64*Tc (principle 2)

	
	60 in FR2
	10.5*64*Tc 
	Te= Error_DL+ Margin_UL =(8 +2.5)* 64*Tc =10.5* 64*Tc

	
	120
	10.5*64*Tc
	Te= Error_DL+ Margin_UL =(8 +2.5)* 64*Tc =20* 64*Tc

	30
	15
	8*64*Tc
	Te= Error_DL+ Margin_UL =(4 +4)* 64*Tc =8* 64*Tc,

	
	30
	8*64*Tc
	Te= Error_DL+ Margin_UL =(4 + max(2,4))* 64*Tc =8* 64*Tc (principle 2)

	
	60 in FR1
	7*64*Tc
	Te= Error_DL+ Margin_UL =(4 + max(2,3))* 64*Tc =7* 64*Tc (principle 2)

	
	60 in FR2
	6.5*64*Tc
	Te= Error_DL+ Margin_UL =(4 +2.5)* 64*Tc =6.5* 64*Tc

	
	120
	6.5*64*Tc
	Te= Error_DL+ Margin_UL =(4 +2.5)* 64*Tc =6.5* 64*Tc

	60
	15
	6*64*Tc
	Te= Error_DL+ Margin_UL =(2 +4)* 64*Tc =6* 64*Tc,

	
	30
	6*64*Tc
	Te= Error_DL+ Margin_UL =(2 + max(2,4))* 64*Tc =6* 64*Tc (principle 2)

	
	60 in FR1
	5*64*Tc
	Te= Error_DL+ Margin_UL =(2 + max(2,3))* 64*Tc =5* 64*Tc (principle 2)

	
	60 in FR2
	4.5*64*Tc
	Te= Error_DL+ Margin_UL =(2 +2.5)* 64*Tc =4.5* 64*Tc

	
	120
	4.5*64*Tc
	Te= Error_DL+ Margin_UL =(2 +2.5)* 64*Tc =4.5* 64*Tc

	120
	15
	5*64*Tc
	Te= Error_DL+ Margin_UL =(1 +4)* 64*Tc =65* 64*Tc,

	
	30
	5*64*Tc
	Te= Error_DL+ Margin_UL =(1 + max(2,4))* 64*Tc =5* 64*Tc (principle 2)

	
	60 in FR1
	4*64*Tc
	Te= Error_DL+ Margin_UL =(1 + max(2,3))* 64*Tc =4* 64*Tc (principle 2)

	
	60 in FR2
	3.5*64*Tc
	Te= Error_DL+ Margin_UL =(1 +2.5)* 64*Tc =3.5* 64*Tc

	
	120
	3.5*64*Tc
	Te= Error_DL+ Margin_UL =(1 +2.5)* 64*Tc =3.5* 64*Tc


So we propose that,
Proposal 4: the following Te requirement on SL shall be applied when NR UE is used as synchronization reference source.
	NR refUE S-SSB SCS (KHz)
	SCS on SL(KHz)
	Te for SL

	15
	15
	12*64*Tc

	
	30
	12*64*Tc

	
	60 in FR1
	11*64*Tc

	
	60 in FR2
	10.5*64*Tc 

	
	120
	10.5*64*Tc

	30
	15
	8*64*Tc

	
	30
	8*64*Tc

	
	60 in FR1
	7*64*Tc

	
	60 in FR2
	6.5*64*Tc

	
	120
	6.5*64*Tc

	60
	15
	6*64*Tc

	
	30
	6*64*Tc

	
	60 in FR1
	5*64*Tc

	
	60 in FR2
	4.5*64*Tc

	
	120
	4.5*64*Tc

	120
	15
	5*64*Tc

	
	30
	5*64*Tc

	
	60 in FR1
	4*64*Tc

	
	60 in FR2
	3.5*64*Tc

	
	120
	3.5*64*Tc



Multiple synchronization reference sources are configured
If the multiple synchronization reference source are configured, it would be UE implementation to choose which one is used to derive the timing. For the requirement, it would be reasonable to define it based on the worst case, i.e., based on the reference source who has the worst timing accuracy.
Proposal 5: When multiple gNB/eNB synchronization sources are configured, define UE timing requirement based on the synchronization source with the worst timing accuracy.
Conclusions
In this contribution we provide further discussion on the transit timing error for NR V2X with different reference sources.
Work assumption:
Error_DL = time chip granularity = Sampling time interval on DL (in relatively good channel condition)
Sampling time interval on DL = 1/ (∆fmax*Nf)
where ∆fmax is SCS size and Nf  FFT size. 
Principle 1: non-increasing Te will be applied, if the SSB SCS size is fixed and SL SCS size is increased.
Principle 2: always use max Margin_UL value to derive the minimum requirement, if Margin_UL have different values for a single UL SCS associated with different DL SCS sizes.

Proposal 1: The Te requirement on SL shall be applied as ±12*64*Tc for all SCS when GNSS is used as synchronization reference source.
Proposal 2: the following Te requirement on SL shall be applied when gNB is used as synchronization reference source.
	SCS of SSB signals (KHz)
	SCS on SL(KHz)
	Te for SL

	15
	15
	12*64*Tc

	
	30
	10*64*Tc

	
	60 in FR1
	10*64*Tc

	
	60 in FR2
	10*64*Tc 

	
	120
	10*64*Tc

	30
	15
	8*64*Tc

	
	30
	8*64*Tc

	
	60 in FR1
	7*64*Tc

	
	60 in FR2
	6.5*64*Tc

	
	120
	6.5*64*Tc

	120
	15
	5*64*Tc

	
	30
	5*64*Tc

	
	60 in FR1
	4*64*Tc

	
	60 in FR2
	3.5*64*Tc

	
	120
	3.5*64*Tc

	240
	15
	4.5*64*Tc

	
	30
	4.5*64*Tc

	
	60 in FR1
	3.5*64*Tc

	
	60 in FR2
	3*64*Tc

	
	120
	3*64*Tc


Proposal 3: the following Te requirement on SL shall be applied when eNB is used as synchronization reference source.
	Uu link BW (MHz)
	SCS on SL(KHz)
	Te for SL

	1.4
	15
	20*64*Tc

	
	30
	20*64*Tc

	
	60 in FR1
	19*64*Tc

	
	60 in FR2
	18.5*64*Tc 

	
	120
	18.5*64*Tc

	≥3
	15
	12*64*Tc

	
	30
	12*64*Tc

	
	60 in FR1
	11*64*Tc

	
	60 in FR2
	10.5*64*Tc

	
	120
	10.5*64*Tc


Proposal 4: the following Te requirement on SL shall be applied when NR UE is used as synchronization reference source.
	NR refUE S-SSB SCS (KHz)
	SCS on SL(KHz)
	Te for SL

	15
	15
	12*64*Tc

	
	30
	12*64*Tc

	
	60 in FR1
	11*64*Tc

	
	60 in FR2
	10.5*64*Tc 

	
	120
	10.5*64*Tc

	30
	15
	8*64*Tc

	
	30
	8*64*Tc

	
	60 in FR1
	7*64*Tc

	
	60 in FR2
	6.5*64*Tc

	
	120
	6.5*64*Tc

	60
	15
	6*64*Tc

	
	30
	6*64*Tc

	
	60 in FR1
	5*64*Tc

	
	60 in FR2
	4.5*64*Tc

	
	120
	4.5*64*Tc

	120
	15
	5*64*Tc

	
	30
	5*64*Tc

	
	60 in FR1
	4*64*Tc

	
	60 in FR2
	3.5*64*Tc

	
	120
	3.5*64*Tc



[bookmark: _GoBack]Proposal 5: When multiple gNB/eNB synchronization sources are configured, define UE timing requirement based on the synchronization source with the worst timing accuracy.
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