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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Based on previous agreements, this contribution provides our further views on the potential enhancements for propagation delay compensation.

Potential enhancements for propagation delay compensation
As discussed before, TA-based propagation delay (i.e. option 1) and RTT-based delay compensation (i.e. option 2) were agreed for further study. This section provides our views on the candidate solutions.
1.1 RTT based compensation
	[bookmark: OLE_LINK11]Agreement
For evaluation of the overall time synchronization error for RTT-based propagation delay compensation,
· Alt.1 for RTT-based PDC



In the RAN1#106bis-e meeting, it was already agreed to use Alt. 1 for RTT-based PDC evaluation. The detailed total error of Alt.1 for RTT-based PDC is shown below. 

For the value of each error component, we give our views below.
BS downlink transmit error 
	Agreements:
· Take 65 ns as the assumption of transmit timing error for evaluation of the overall time synchronization error for control-to-control. 



In the RAN1#106bis-e meeting, it was discussed to use 65ns or 32.5ns for  but it seems different companies have different understandings. Here we use 65ns for RTT-based PDC evaluation based on the previous agreement shown above.

UE downlink detection error 
	Agreement
For evaluation and comparison of enhanced TA-based PDC and RTT-based PDC, the timing detection error = 0.5/(RS BW) = 0.5/(N_PRB*12*SCS) can be used to achieve  and , if needed in the evaluation equation separately, where N_PRB is the number of PRBs of the RS bandwidth used in the detection by UE and gNB, respectively.
· Note: Detection error achieved by evaluations is not precluded if available. 

Agreement
If RTT-based propagation delay compensation is supported, 
· CSI-RS for tracking (TRS) can be used for Rx – Tx time difference estimation at UE side, if PRS is not configured for the UE.
· PRS can be used for Rx – Tx time difference estimation at UE side, if PRS is configured for the UE.  



Here we use 0.5/(N_PRB*12*SCS) as the downlink detection error for evaluation based on the agreements shown above.

gNB Rx-Tx time difference measurement error 
	Agreement
For evaluation of the overall time synchronization error for RTT-based propagation delay compensation with Alt.1, it is assumed that 
· [bookmark: OLE_LINK3]The UE Rx-Tx time difference measurement accuracy based on PRS defined in Table 10.1.25.2-2 in TS 38.133 v17.3.0 is taken as the reference for the UE Rx-Tx time difference measurement accuracy 
· The gNB Rx-Tx time difference accuracy based on SRS for positioning defined in Table 13.2.2.2-1 in TS 38.133 v17.3.0 is taken as the reference for the gNB Rx-Tx time difference accuracy based on SRS for PDC



In the RAN1#106bis-e meeting, it was agreed that the gNB Rx-Tx time difference accuracy based on SRS for positioning defined in Table 13.2.2.2-1 in TS 38.133 v17.3.0 shown in Annex 1 is taken as the reference for the gNB Rx-Tx time difference accuracy based on SRS for PDC. Thus, the accuracy is within ±(X+Y) Tc and X is defined in Table 13.2.2.2-1 and Y is declared by manufacturer. The value of X is dependent on the SRS bandwidth and the SINR.

UE Rx-Tx time difference measurement error 
In the RAN1#106bis-e meeting, it was agreed that the UE Rx-Tx time difference measurement accuracy based on PRS defined in Table 10.1.25.2-2 in TS 38.133 v17.3.0 shown in Annex 2 is taken as the reference for the UE Rx-Tx time difference measurement accuracy. Thus the accuracy can be formulated as (Z+) Tc where  is the margin and Z is the specific value from the table in Annex 2.

Rx-Tx time difference indication error 
	Agreement
If RTT-based propagation delay compensation is supported, the Rx-Tx time difference is reported with granularity 2k*Tc, where k is an integer satisfying 0<=k<=5.   
· FFS the value of k
· FFS the reporting range of Rx-Tx time difference measurement for PDC



In the RAN1#106bis-e meeting, it was agreed that the Rx-Tx time difference report granularity is 2k*Tc, so its error would be half i.e. 2k-1*Tc. Here we assume k=5 so the error is 25-1*Tc=8ns.


Based on above analysis, the total error would be the following equation.


If assuming DL PRS BW=24RB with 15 kHz SCS, then . And  i.e. Z=180 if we assume DL SINR>=-13dB with fading channel. For uplink we assume UL SRS BW=44RB with 15kHz SCS, UL SINR>=-13dB with AWGN channel, then X=123Tc. So we have


[bookmark: OLE_LINK60]Similarly, if assuming DL PRS BW=104RB with 15 kHz SCS, then . And  i.e. Z=68 if we assume DL SINR>=-13dB with fading channel. For uplink we assume UL SRS BW=176RB with 15kHz SCS, UL SINR>=-13dB with AWGN channel, then X=17Tc. So we have

Then, we can get the total error under different assumptions as shown below in table 1.

Table 1 Total error for RTT-based propagation delay compensation
	SCS
	DL BW
	DL SINR
	
	UL BW
	UL SINR
	
	Total error

	15
	24RB
(4.32MHz)
	-13dB
	
	44RB
(7.92MHz)
	-13dB
	
	

	15
	104RB
(18.72MHz)
	-13dB
	
	176RB
(31.68MHz)
	-13dB
	
	

	30
	24RB
(8.64MHz)
	
	
	48RB
(17.28MHz)
	-13dB
	
	

	30
	132RB
(47.52MHz)
	
	
	176RB
(63.36MHz)
	-13dB
	
	



It can be seen from table 1 that the total error is dependent on the bandwidth and the values of Y and .  is the margin which has not been decided yet in RAN4. According to our RAN4 analysis in [1], the margin would be  if PRS BW is no smaller than 50 MHz and would be  otherwise. In table 1, the DL BW is smaller than 50MHz, so 48ns is used here for . Y is declared by the manufacturer. According to previous RAN4 discussions in [2] and [3], 20 Tc (i.e. 10ns) is used here for further evaluation.  would be 29ns in the table 1. So the total error can satisfy the 275ns budget except for the case that DL BW=24 RB and UL BW=44 RB with 15 kHz SCS in table 1. Thus, the overall synchronization error for RTT-based PDC may or may not satisfy the single Uu interface budget for control-to-control scenario depending on the value of Y and . But for large bandwidth, e.g. >100 RB for DL, it is very likely to meet the budget since the total error without consideration of Y and  is only ~100ns which is significantly smaller than the 275ns budget.
Observation 1: The overall synchronization error for RTT-based PDC may or may not satisfy the single Uu interface budget for control-to-control scenario depending on the value of Y which is declared by the manufacturer and the value of margin  which has not been decided in RAN4. However for a large bandwidth, e.g. >100RB for DL, it is very likely to meet the budget since the total error without consideration of Y and  is only ~100 ns which is significantly smaller than the 275ns budget.

In RAN1#106bis-e, it was discussed about how to ensure the same pair of TRS/PRS and SRS for RTT measurement but unfortunately no consensus yet. Based on the Rx-Tx time difference definition below, TUE-RX is the UE received timing of downlink subframe #i if TRS is in DL subframe #i, and TUE-TX is the UE transmitted timing of uplink subframe #j that is closest in time to the subframe #i. So if there is also SRS transmission in subframe #(j+1), then the UE still uses the uplink timing of subframe #j rather than subframe #(j+1) to obtain the Rx-Tx time difference. The pair should be DL subframe #i and UL subframe #j. For the gNB RTT measurement it can be same as UE RTT measurement to ensure the same pair of TRS/PRS and SRS. For the A-SRS transmission in a subframe, we think the same mechanism can be used, i.e. if this subframe is closest in time to the subframe #i, then it should be used for RTT measurement.

	[bookmark: _Toc524695270][bookmark: _Toc29045131][bookmark: _Toc29901472][bookmark: _Toc29901519][bookmark: _Toc35596400][bookmark: _Toc44881136][bookmark: _Toc51776306][bookmark: _Toc57991526]5.1.30	UE Rx – Tx time difference
	Definition
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

Where:
TUE-RX is the UE received timing of downlink subframe #i from a Transmission Point (TP) [18], defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP.

Multiple DL PRS resources can be used to determine the start of one subframe of the first arrival path of the TP.

For frequency range 1, the reference point for TUE-RX measurement shall be the Rx antenna connector of the UE and the reference point for TUE-TX measurement shall be the Tx antenna connector of the UE. For frequency range 2, the reference point for TUE‑RX measurement shall be the Rx antenna of the UE and the reference point for TUE‑TX measurement shall be the Tx antenna of the UE.

	Applicable for
	RRC_CONNECTED






Observation 2: UE RTT measurement can be based on the pair of DL subframe #i and UL subframe #j that is closest in time to the subframe #j if PRS/TRS is transmitted in subframe #i and SRS is transmitted in subframe #j.

In the RAN1#106bis-e meeting the following was agreed.
	Agreement
If RTT-based propagation delay compensation is supported, the Rx-Tx time difference is reported with granularity 2k*Tc, where k is an integer satisfying 0<=k<=5.
· FFS the value of k
· FFS the reporting range of Rx-Tx time difference measurement for PDC



For the Rx-Tx time difference granularity, it can be seen that 25*Tc=32 Tc (i.e. 16 ns) is already sufficient to satisfy the budget if we don’t consider Y and . Thus, there is no need to further reduce this granularity and it is sufficient to use 32 Tc as the gNB Rx-Tx time difference granularity to keep the signaling overhead low. We are also fine to smaller value of k since it can further reduce the total error.

Observation 3: If RTT-based propagation delay compensation is supported, the granularity of 32 Tc for reporting Rx-Tx time difference is sufficient.

Proposal 1: If RTT-based propagation delay compensation is supported, the Rx-Tx time difference is reported with granularity 2k*Tc and k=5.

Regarding the second FFS from the above mentioned agreement, in positioning the reporting range of Rx-Tx time difference measurement is from -985024Tc to 985024Tc, i.e. from -0.5ms to +0.5ms with the resolution step of 2kTc. It is expected that in PDC we can reuse this Rx-Tx time difference definition as much as possible to reduce the spec impact, so we think the reporting range of Rx-Tx time difference measurement for PDC can be the same as shown in Table 10.1.25.3.1-6 for k=5.
Table 10.1.25.3.1-6: Absolute UE Rx-Tx time difference measurement report mapping for k=5
	Reported Quantity Value
	Measured Quantity Value
	Unit

	RX-TX_TIME_DIFFERENCE_0000
	TUE Rx-Tx < -985024
	Tc

	RX-TX_TIME_DIFFERENCE_0001
	-985024  TUE Rx-Tx < -984992
	Tc

	RX-TX_TIME_DIFFERENCE_0002
	-984992  TUE Rx-Tx < -984960
	Tc

	
	
	…

	RX-TX_TIME_DIFFERENCE_30782
	-32  TUE Rx-Tx < 0
	Tc

	RX-TX_TIME_DIFFERENCE_30783
	0  TUE Rx-Tx < 32
	Tc

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_61563
	984960  TUE Rx-Tx < 984992
	Tc

	RX-TX_TIME_DIFFERENCE_61564
	984992  TUE Rx-Tx < 985024
	Tc

	RX-TX_TIME_DIFFERENCE_61565
	985024  TUE Rx-Tx
	Tc



Proposal 2: If RTT-based propagation delay compensation is supported for PDC, the reporting range of Rx-Tx time difference measurement is the same as table 10.1.25.3.1-6 in TS 38.133.

1.2 TA-based compensation
In the RAN1#106bis-e meeting, the following was agreed.
	Agreement
For evaluation of the overall time synchronization error for TA-based propagation delay compensation,
· Alt.1 for TA-based PDC



The detailed total error of Alt.1 for TA-based PDC is shown below.

BS downlink transmit error 
Here we use 65ns for TA-based PDC evaluation to align the assumption with the RTT-based PDC evaluation.
UE downlink detection error  and BS uplink detection error 
Here we use 0.5/(N_PRB*12*SCS) for evaluation.
TA indication error 
This is related to RAN4’s reply to the LS R1-2108635. Here we assume (1/16)* (16*64*Tc/2)) as the TA indication granularity, so its error would be half, i.e. 1/2*(1/16)* (16*64*Tc/2)), which is feasible based on our RAN4 analysis [4]. Please note that the granularity is 25Tc=32Tc in RTT-based PDC while the granularity is  in TA-based PDC. For 15 kHz SCS the granularity in TA-based PDC is twice than the granularity in RTT-based PDC, but for 30 kHz it is the same.

This is related to RAN4’s reply to the LS R1-2108635.


Based on above analysis, the total error would be the following equation.

If assuming DL TRS BW=24 RB with 15kHz SCS, then 0.5/(N_PRB_DL_RS*12*SCS)=116 ns. For uplink we assume UL SRS BW=44 RB with 15kHz SCS, then 0.5/(N_PRB_UL_RS*12*SCS)=63 ns. So we have


Then we can get the total error under different assumptions as shown below in table 2. Please note that the bandwidth assumptions for TA-based PDC and RTT-based PDC are the same here.

Table 2 Total error for TA-based propagation delay compensation
	SCS
	DL BW
	
	UL BW
	
	Total error

	15kHz
	24 RB
(4.32MHz)
	116 ns
	44 RB
(7.92MHz)
	63 ns
	

	15kHz
	104 RB
(18.72MHz)
	27 ns
	176 RB
(31.68MHz)
	16 ns
	

	30kHz
	24 RB
(8.64MHz)
	58 ns
	48 RB
(17.28MHz)
	29 ns
	

	30kHz
	132 RB
(47.52MHz)
	11 ns
	176 RB
(63.36MHz)
	8 ns
	



Based on table 2 it can be seen that the total error of TA-based PDC depends on the bandwidth and how much Te can be reduced, which is dependent on the RAN4 evaluation. Based on our RAN4 analysis [4], Te can be enhanced to 70ns for 30 kHz TRS with 52RB (i.e. 18.72MHz) or 15 kHz TRS with 106RBs (i.e. 19.08MHz). Thus for 18.72MHz DL in table 2, the total error  would be 176ns assuming Te is 70ns.

Observation 4: The overall synchronization error for TA-based PDC may or may not satisfy the single Uu interface budget for control-to-control scenario depending on the bandwidth and RAN4’s reply for Te.

If TA-based PDC is supported, then we need to define the range of the enhanced TA command indication. This is related to the distance between the gNB and UE. The service area of control-to-control and smart grid is 1000m  100m and 20km2, the radius would be 178m and 2.5km respectively assuming the area is a circle. Thus the enhanced TA command indication can be from 0 to 16384Tc.

Proposal 3: If TA-based propagation delay compensation is supported for PDC, the enhanced TA command indication is from 0 to 16384 Tc.

Conclusion
In this paper, we give our considerations for the enhancements in Rel-17.
Observation 1: The overall synchronization error for RTT-based PDC may or may not satisfy the single Uu interface budget for control-to-control scenario depending on the value of Y which is declared by the manufacturer and the value of margin  which has not been decided in RAN4. However for a large bandwidth, e.g. >100RB for DL, it is very likely to meet the budget since the total error without consideration of Y and  is only ~100 ns which is significantly smaller than the 275ns budget.

Observation 2: UE RTT measurement can be based on the pair of DL subframe #i and UL subframe #j that is closest in time to the subframe #j if PRS/TRS is transmitted in subframe #i and SRS is transmitted in subframe #j.

Observation 3: If RTT-based propagation delay compensation is supported, the granularity of 32 Tc for reporting Rx-Tx time difference is sufficient.

Observation 4: The overall synchronization error for TA-based PDC may or may not satisfy the single Uu interface budget for control-to-control scenario depending on the bandwidth and RAN4’s reply for Te.

Proposal 1: If RTT-based propagation delay compensation is supported, the Rx-Tx time difference is reported with granularity 2k*Tc and k=5.

Proposal 2: If RTT-based propagation delay compensation is supported for PDC, the reporting range of Rx-Tx time difference measurement is the same as table 10.1.25.3.1-6 in TS 38.133.

Proposal 3: If TA-based propagation delay compensation is supported for PDC, the enhanced TA command indication is from 0 to 16384Tc.
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Annex 1
	TS38.133-h30
13.2.2.2	Requirements
The accuracy requirements for gNB Rx-Tx time difference measurement shall be within ±(X+Y) Tc under the following conditions:
-	AWGN propagation conditions.
-	The measured signals are in the directions covered by RoAoA of OTA reference sensitivity requirements for gNB type 1-O and 2-O BS
where 
-	X is defined in Table 13.2.2.2-1 for gNB types 1-C, 1-H and 1-O and in Table 13.2.2.2-2 for gNB type 2-O.
-	Y is declared by manufacturer and can be different for different gNB types 1-C, 1-H, 1-O and 2-O.
Note:	The measurement accuracy requirements in Table 13.2.2.2-1 and Table 13.2.2.2-2 are defined under an assumption that gNB is not mandated to perform receive beam sweeping.
Table 13.2.2.2-1: gNB Rx-Tx time difference absolute accuracy in FR1 for gNB type 1-C, 1-H and 1-O
	Accuracy
	SRS Ês/Iot
	SCS
	SRS bandwidth range

	Unit: Tc
	Unit: dB
	Unit: kHz
	Unit: RB

	123
	≥ -13
	15
	 44 ≤ BW ≤ 84

	48
	
	
	 88 ≤ BW ≤ 168

	17
	
	
	176 ≤ BW

	122
	≥ +3
	
	24 ≤ BW ≤ 40

	62
	
	
	 44 ≤ BW ≤ 84

	32
	
	
	 88 ≤ BW ≤ 168

	16
	
	
	176 ≤ BW

	42
	≥ -13
	30
	 48 ≤ BW ≤ 84

	24
	
	
	 88 ≤ BW ≤ 168

	8
	
	
	176 ≤ BW

	32
	≥ +3
	
	 48 ≤ BW ≤ 84

	17
	
	
	 88 ≤ BW ≤ 168

	9
	
	
	176 ≤ BW

	21
	≥ -13
	60
	 48 ≤ BW ≤ 84

	12
	
	
	 88 ≤ BW 

	16
	≥ +3
	
	 48 ≤ BW ≤ 84

	9
	
	
	 88 ≤ BW 



Table 13.2.2.2-2: gNB Rx-Tx time difference absolute accuracy in FR2 for gNB type 2-O
	Accuracy
	SRS Ês/Iot
	SCS
	SRS bandwidth range

	Unit: Tc
	Unit: dB
	Unit: kHz
	Unit: RB

	9
	≥ -13
	60
	 132 ≤ BW ≤ 168

	8
	
	
	176 ≤ BW

	9
	≥ +3
	
	132 ≤ BW ≤ 168

	8
	
	
	176 ≤ BW

	22
	≥ -13
	120
	 32 ≤ BW ≤ 40

	15
	
	
	 44 ≤ BW ≤ 84

	8
	
	
	88 ≤ BW

	16
	≥ +3
	
	 32 ≤ BW ≤ 40

	9
	
	
	 44 ≤ BW ≤ 84

	8
	
	
	88 ≤ BW








Annex 2
	TS38.133-h30
10.1.25.2	Measurement Accuracy Requirements
The UE Rx-Tx time difference measurement accuracy requirements in this clause shall not apply, if:
NTA_offset defined in Table 7.1.2-2 changes during the UE Rx-Tx measurement period or
if the uplink transmission timing changes during the UE Rx-Tx measurement period due to the network-configured Timing Advance.
FFS: whether UE Rx-Tx time difference measurement accuracy requirements in this clause shall also apply if the uplink transmission timing changes during the UE Rx-Tx measurement period due to the autonomous timing adjustment defined in clause 7.1.2.
The UE shall continue and complete a UE Rx-Tx measurement while meeting UE Rx-Tx measurement accuracy requirements defined in this clause when a serving cell change occurs during the UE Rx-Tx measurement provided that the serving cell change does not impact the SRS configuration for the UE Rx-Tx measurement.
Note:	The requriements for fading channel in this clause are derived based on TDL-A (30 ns delay spread, 5Hz) and TDL-C (60 ns delay spread, 300 Hz) channel models for FR1 and FR2 respectively.
Editor’s note: In accuracy tables  is margin and is FFS
The accuracy requirements in Table 10.1.25.2-1 for FR1 are valid under the following conditions:
Conditions defined in clause 7.3 of TS 38.101-1 [18] for reference sensitivity are fulfilled.
PRP|dBm according to Annex B.2.x for a corresponding Band.
AWGN propagation condition.
Table 10.1.25.2-1: UE Rx-Tx time difference measurement accuracy in FR1 in AWGN
	Accuracy
	Conditions

	
	PRS Ês/Iot
	Minimum PRS bandwidth
	
PRS SCS
	PRS resource repetition Note 3
	NR operating band groupsNote 2
	IoNote 4 range

	
	
	
	
	
	
	Minimum
IoNote 1
	Maximum
Io

	TcNote 5
	dB
	RB
	
kHz
	
	
	dBm / SCSPRS
	dBm/BW

	± [78+]
	-3
	≥[24]
	
15
	≥[4]
	NR_FDD_FR1_A, NR_TDD_FR1_A,
NR_SDL_FR1_A
	-121
	-50

	
	
	
	
	
	NR_FDD_FR1_B
	-120.5
	

	
	
	
	
	
	NR_TDD_FR1_C
	-120
	

	
	
	
	
	
	NR_FDD_FR1_D, NR_TDD_FR1_D
	-119.5
	

	
	
	
	
	
	NR_FDD_FR1_E, NR_TDD_FR1_E
	-119
	

	
	
	
	
	
	NR_FDD_FR1_F
	-118.5
	

	
	
	
	
	
	NR_FDD_FR1_G
	-118
	

	
	
	
	
	
	NR_FDD_FR1_H
	-117.5
	

	± [59+]
	
	≥[52]
	
	≥[1]
	Note 6
	Note 6
	Note 6

	± [30+]
	
	>[104]
	
	≥[1]
	Note 6
	Note 6
	Note 6

	± [57+]
	
	≥[24]
	30
	≥[4]
	NR_FDD_FR1_A, NR_TDD_FR1_A,
NR_SDL_FR1_A
	-118
	-50

	
	
	
	
	
	NR_FDD_FR1_B
	-117.5
	

	
	
	
	
	
	NR_TDD_FR1_C
	-117
	

	
	
	
	
	
	NR_FDD_FR1_D, NR_TDD_FR1_D
	-116.5
	

	
	
	
	
	
	NR_FDD_FR1_E, NR_TDD_FR1_E
	-116
	

	
	
	
	
	
	NR_FDD_FR1_F
	-115.5
	

	
	
	
	
	
	NR_FDD_FR1_G
	-115
	

	
	
	
	
	
	NR_FDD_FR1_H
	-114.5
	

	± [30+]
	
	≥[48]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [15+]
	
	≥[132]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [29+]
	
	≥[24]
	60
	≥[4]
	NR_FDD_FR1_A, NR_TDD_FR1_A,
NR_SDL_FR1_A
	-115
	-50

	
	
	
	
	
	NR_FDD_FR1_B
	-114.5
	

	
	
	
	
	
	NR_TDD_FR1_C
	-114
	

	
	
	
	
	
	NR_FDD_FR1_D, NR_TDD_FR1_D
	-113.5
	

	
	
	
	
	
	NR_FDD_FR1_E, NR_TDD_FR1_E
	-113
	

	
	
	
	
	
	NR_FDD_FR1_F
	-113.5
	

	
	
	
	
	
	NR_FDD_FR1_G
	-113
	

	
	
	
	
	
	NR_FDD_FR1_H
	-111.5
	

	± [15+]
	
	≥ [64]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [7+]
	
	≥ [132]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [101+]
	
-13
	≥[24]
	
15
	≥[4]
	NOTE 6
	NOTE 6
	NOTE 6

	± [75+]
	
	≥[52]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [37+]
	
	>[104]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [58+]
	
	≥[24]
	30
	≥[4]
	NOTE 6
	NOTE 6
	NOTE 6

	± [39+]
	
	≥[48]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [16+]
	
	≥[132]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [36+]
	
	≥[24]
	60
	≥[4]
	NOTE 6
	NOTE 6
	NOTE 6

	± [16+]
	
	≥ [64]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [8+]
	
	≥ [132]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	NOTE 1:	This minimum Io condition is expressed as the average Io per RE over all REs in an OFDM symbol.
NOTE 2:	NR operating band groups are as defined in Section 3.5.
NOTE 3:	 are configured by higher layer parameter dl-PRS-ResourceRepetitionFactor, dl-PRS-NumSymbols and  dl-PRS-CombSizeNdefined in TS 37.355 [34].
NOTE 4:	The Io is defined in PRS slots. The same Io range applies to PRS and non-PRS symbols. Io levels are different in PRS and non-PRS symbols within the same slot.
NOTE 5:	Tc is the basic timing unit defined in TS 38.211 [6].
NOTE 6:	The same bands and the same Io conditions for each band apply for this requirement as for the corresponding requirement with the PRS bandwidth of the smallest RB number for the corresponding SCS.



The accuracy requirements in Table 10.1.25.2-2 for FR1 are valid under the following conditions:
Conditions defined in clause 7.3 of TS 38.101-1 [18] for reference sensitivity are fulfilled.
PRP|dBm according to Annex B.2.x for a corresponding Band.
Fading propagation condition.
Table 10.1.25.2-2: UE Rx-Tx time difference measurement accuracy in FR1 in fading
	Accuracy
	Conditions

	
	PRS Ês/Iot
	Minimum PRS bandwidth
	
PRS SCS
	PRS resource repetition Note 3
	NR operating band groupsNote 2
	IoNote 4 range

	
	
	
	
	
	
	Minimum
IoNote 1
	Maximum
Io

	TcNote 5
	dB
	RB
	
kHz
	
	
	dBm / SCSPRS
	dBm/BW

	± [137+]
	-3
	≥[24]
	
15
	≥[4]
	NR_FDD_FR1_A, NR_TDD_FR1_A,
NR_SDL_FR1_A
	-121
	-50

	
	
	
	
	
	NR_FDD_FR1_B
	-120.5
	

	
	
	
	
	
	NR_TDD_FR1_C
	-120
	

	
	
	
	
	
	NR_FDD_FR1_D, NR_TDD_FR1_D
	-119.5
	

	
	
	
	
	
	NR_FDD_FR1_E, NR_TDD_FR1_E
	-119
	

	
	
	
	
	
	NR_FDD_FR1_F
	-118.5
	

	
	
	
	
	
	NR_FDD_FR1_G
	-118
	

	
	
	
	
	
	NR_FDD_FR1_H
	-117.5
	

	± [96+]
	
	≥[52]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [62+]
	
	>[104]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [87+]
	
	≥[24]
	30
	≥[4]
	NR_FDD_FR1_A, NR_TDD_FR1_A,
NR_SDL_FR1_A
	-118
	-50

	
	
	
	
	
	NR_FDD_FR1_B
	-117.5
	

	
	
	
	
	
	NR_TDD_FR1_C
	-117
	

	
	
	
	
	
	NR_FDD_FR1_D, NR_TDD_FR1_D
	-116.5
	

	
	
	
	
	
	NR_FDD_FR1_E, NR_TDD_FR1_E
	-116
	

	
	
	
	
	
	NR_FDD_FR1_F
	-115.5
	

	
	
	
	
	
	NR_FDD_FR1_G
	-115
	

	
	
	
	
	
	NR_FDD_FR1_H
	-114.5
	

	± [68+]
	
	≥[48]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [44+]
	
	≥[132]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [59+]
	
	≥[24]
	60
	≥[4]
	NR_FDD_FR1_A, NR_TDD_FR1_A,
NR_SDL_FR1_A
	-115
	-50

	
	
	
	
	
	NR_FDD_FR1_B
	-114.5
	

	
	
	
	
	
	NR_TDD_FR1_C
	-114
	

	
	
	
	
	
	NR_FDD_FR1_D, NR_TDD_FR1_D
	-113.5
	

	
	
	
	
	
	NR_FDD_FR1_E, NR_TDD_FR1_E
	-113
	

	
	
	
	
	
	NR_FDD_FR1_F
	-113.5
	

	
	
	
	
	
	NR_FDD_FR1_G
	-113
	

	
	
	
	
	
	NR_FDD_FR1_H
	-111.5
	

	± [42+]
	
	≥ [64]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [36+]
	
	≥ [132]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [180+]
	
-13
	≥[24]
	
15
	≥[4]
	NOTE 6
	NOTE 6
	NOTE 6

	± [98+]
	
	≥[52]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [68+]
	
	>[104]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [87+]
	
	≥[24]
	30
	≥[4]
	NOTE 6
	NOTE 6
	NOTE 6

	± [85+]
	
	≥[48]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [44+]
	
	≥[132]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [139+]
	
	≥[24]
	60
	≥[4]
	NOTE 6
	NOTE 6
	NOTE 6

	± [46+]
	
	≥ [64]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [30+]
	
	≥ [132]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	NOTE 1:	This minimum Io condition is expressed as the average Io per RE over all REs in an OFDM symbol.
NOTE 2:	NR operating band groups are as defined in Section 3.5.
NOTE 3:	 are configured by higher layer parameter dl-PRS-ResourceRepetitionFactor, dl-PRS-NumSymbols and  dl-PRS-CombSizeNdefined in TS 37.355 [34].
NOTE 4:	The Io is defined in PRS slots. The same Io range applies to PRS and non-PRS symbols. Io levels are different in PRS and non-PRS symbols within the same slot.
NOTE 5:	Tc is the basic timing unit defined in TS 38.211 [6].
NOTE 6:	The same bands and the same Io conditions for each band apply for this requirement as for the corresponding requirement with the PRS bandwidth of the smallest RB number for the corresponding SCS.







