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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
In the RAN1#106-e meeting, two candidate alternatives were agreed on how to calculate the overall time synchronization error for RTT-based propagation delay compensation. The corresponding agreement is shown below. In this meeting down-selection among Alt1 and Alt2 shall be pursed.
	RAN1#106-e Agreement
Take the following two alternatives as the equation for evaluation of the overall time synchronization error for RTT-based propagation delay compensation. RAN1 to select one of the alternatives in RAN1#106bis-e.
· Alt. 1: 
[image: ]
·  is to reflect the error due to indication granularity of Rx-Tx time difference
·  and  reflects the measurement inaccuracy of gNB Rx-Tx time difference, and the measurement inaccuracy of UE Rx-Tx time difference, respectively. 
· Note: The equation may be updated after clarification on the gNB TX-RX timing difference and UE TX-RX timing difference
· Alt. 2: 
[image: ]
·  is to reflect the error due to indication granularity of Rx-Tx time difference
· Note: Alt.2 assumes that gNB can coordinate the time of TA procedure and the time of PD compensation, so that the DL frame timing error and BS transmit timing error for propagation delay estimation is correlated to (e.g. the same as) that for the transmission of RRC signaling carrying the reference time clock
Note: FFS whether / how to handle inconsistent RTT measurement in gNB and UE due a change of uplink TX timing


For the two alternatives above for the total error evaluation, Alt.1 is more reasonable. In our view, and  defining the measurement inaccuracy of Rx-Tx time difference already reflect the error components of and. Take  defined in TS 38.133 as shown in Annex 2 for positioning in Rel-16 as an example, it is clear that this accuracy of  is changing with different bandwidths of SRS due to gNB detection error, which would mean that  is already reflected by . Similarly, should be reflected by also. The main worry from companies is that RAN4 didn’t evaluate  based on TRS and  based on SRS yet, thus no candidate values for these two error components to use for evaluating RTT-based PDC. Considering that the main impact on the inaccuracy is mainly the bandwidth of the reference signal, for evaluation purpose we think it should be fine to take the values defined for positioning based on PRS and SRS. Of course, maybe we can consider to send LS to RAN4 to see if they can provide us some inputs before RAN1#107-e at least for a certain assumed bandwidth, e.g. 20 MHz and 100 MHz, which would help us to make decision on the potential enhancements to support in Rel-17.     
For Alt. 2 above, it is too controversial on how to handle the parts in brackets based on the previous discussions. In our understanding, [1/2*] should be removed, since  in the formula is to reflect the error due to the transmission of reference time clock as we discussed much in the previous meetings, not because of estimating the propagation delay, thus there is no need to multiply 1/2. In addition, according to the current definition in RAN4 on UE/gNB Rx – Tx time difference,  and  don’t need to be considered also. Therefore, if we go to Alt.2, the parts in brackets should be removed.         
Considering there are still controversial parts for Alt.2 and Alt.1 actually makes sense, it is slightly preferred to take Alt.1 for further evaluation of RTT-based PDC. 

Proposal 1: For RTT-based propagation delay compensation, Alt.1 is used for further evaluation.

To give a rough feeling on the achievable performance for RTT-based PDC, we do some evaluation for all the alternatives also. In these two alternatives,  is the error caused by the reporting granularity which is between Tc and 32Tc according to TS 38.133. Here we use 16Tc as  for evaluation since 16Tc is the max error caused by Rx-Tx reporting granularity. The measurement accuracy of the gNB’s and the UE’s Rx-Tx timing difference varies for different bandwidths of the measured reference signal, e.g. as shown in Annex 1 and 2 defined for PRS and SRS, and there is also a margin  which is still FFS in RAN4. There is no measurement accuracy defined for other reference signals yet. For evaluation of RTT-based PDC in RAN1, we use the smallest and largest value, i.e. 117Tc and 8Tc for , and 180Tc and 30Tc for  as an example, just to have a rough estimation of the range for total error of RTT-based PDC. The value of each error component is listed in table 1 below.
Table 1 Evaluation assumptions for RTT-based propagation delay compensation
	Each component
	Control-to-Control

	 
	65ns

	 
	100ns

	
	117Tc(i.e. 60ns)

	
	8Tc(i.e. 4ns)

	
	180Tc(i.e. 92ns)

	
	30Tc(i.e. 15ns)

	 
	16Tc(i.e. 8ns)

	 
	100ns

	UE initial transmit error (Te)
	15kHz SSB, 15kHz uplink
	12*64*Tc(i.e. 390ns)

	
	30kHz SSB, 30kHz uplink
	8*64*Tc(i.e. 260ns)



Based on the assumptions listed in table 1, the total error for each alternative can be calculated as shown in table 2 below. Please note that there are four branches depending on whether,  and/or  is used. It can be seen that the total error based on Alt.1 can satisfy the budget, and the total error based on Alt.2 can also satisfy the budget for 30 kHz. But for the 15 kHz case the total error based on Alt.2 cannot satisfy the budget if  is used.
Table 2 Total error for RTT-based propagation delay compensation
	
	overall synchronization error
	Assumptions

	Alt.1
	245ns
	=117Tc


	
	179ns
	=8Tc


	Alt.2
	15kHz
	30kHz
	 and
 is used. 


	
	314ns
	249ns
	

	
	15kHz
	30kHz
	 is used and
 is not used

	
	137ns
	137ns
	

	
	15kHz
	30kHz
	 is used and
 is not used

	
	169ns
	169ns
	

	
	15kHz
	30kHz
	 and
 is used.


	
	282ns
	217ns
	



Observation 1: The overall synchronization error for RTT-based PDC based on Alt.1, or Alt.2 in case of 30 kHz, can satisfy the single Uu interface budget for control-to-control scenario. 
Observation 2: The overall synchronization error for RTT-based PDC based on Alt.2 in case of 15 kHz may or may not satisfy single Uu interface budget for control-to-control scenario, depending on whether  is included or not.

In the RAN1#106-e agreements, there is an FFS whether / how to handle inconsistent RTT measurement in gNB and UE due to a change of the uplink TX timing. We noticed that in TS38.133 it is defined that the UE Rx-Tx time difference measurement accuracy is not applied if the uplink transmission timing changes during the UE Rx-Tx measurement period due to the network-configured Timing Advance, and FFS whether the accuracy still apply if the uplink transmission timing changes due to the autonomous timing adjustment. The corresponding description in TS 38.133 is copied below. From the gNB perspective, the gNB should not update Timing Advance during the UE Rx-Tx measurement period for RTT-based PDC. Similar at the UE side, UE may be able to avoid the autonomous timing adjustment also if it matters. Thus, the inconsistent measurement can be avoided by gNB/UE’s implementation.
	TS38.133-g80
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.



Observation 3: It can be gNB/UE’s implementation to handle inconsistent RTT measurement in gNB and UE due to a change of uplink TX timing for RTT-based PDC if supported in Rel-17.

In the RAN1#106-e meeting the following was agreed.
	RAN1#106-e Agreement
If RTT-based propagation delay compensation is supported and performed at the UE side, the Rx-Tx measurement report provided from the gNB to the UE should include at least:  
· gNB Rx-Tx time difference at a given granularity
· FFS whether to include SRS-Resource-ID



For the gNB Rx-Tx time difference granularity, we can reuse the report granularity in Rel-16 positioning as shown in Annex 3. The reporting granularity in Rel-16 positioning is from Tc to 32Tc, and we use 32Tc for evaluation in Table 2. It can be seen that 32Tc is already enough to satisfy the budget, there is no need to further reduce this granularity. So it seems sufficient to use 32Tc as the gNB Rx-Tx time difference granularity to reduce signaling overhead.

Observation 4: If RTT-based propagation delay compensation is supported and performed at the UE side, the granularity of 32 Tc for indicating gNB Rx-Tx time difference to UE seems sufficient.

1.2 TA-based compensation
Based on the agreements in RAN1#102-e, the following options were given for TA-based propagation delay compensation:
· Option 1a: Propagation delay estimation based on legacy Timing advance (potentially with enhanced TA indication granularity).

· Option 1b: Propagation delay estimation based on timing advance enhanced for time synchronization (as 1a but with updated RAN4 requirements to TA adjustment error and Te)

· Option 1c: Propagation delay estimation based on a new dedicated signaling with finer delay compensation granularity (Separated signaling from TA so that TA procedure is not affected)

In the RAN1#106-e meeting, an LS was sent to RAN4 to ask questions below.
	RAN1#106-E Agreement
Send LS to RAN4 to ask for feedback on the following questions:
· Question 1: Is it feasible to support a smaller value than the current Te for the use of propagation delay compensation, assuming the existing conditions in TS 38.133 for Te requirement? If not, is it feasible under new conditions (e.g. using TRS instead of SSB)? If the answer is yes, please also provide feedback on how much it can be reduced at most.  
· Question 2: Is it feasible to introduce enhanced TA command indication granularity? If the answer is yes, please also provide feedback on how much it can be reduced at most (e.g. reduced to (1/16)* (16*64*Tc/2)) similar as the granularity for Rel-16 IAB based on the Timing Delta MAC CE and related condition.
· Note 1: The alternatives in the working assumption achieved in RAN1#104bis-e together with the examples in Table 4.2-2 will be included in the LS to give some background for RAN4 
· Note 2: The agreement “both SCS 15 kHz and 30 kHz are assumed for both control-to-control and smart grid for evaluation of the time synchronization” achieved in RAN1#102-e will be included in the LS for RAN4 information also. 
· Note 3: Inform RAN4 that the enhancements on Te and TA command indication granularity for propagation delay compensation may or may not have impact on normal TA related procedure, depending on which candidate option for TA-based PDC is adopted. Note that this is just for RAN4 information. 
· Note 4: Whether RAN1 will introduce specification enhancements is still undetermined.
LS is endorsed in R1-2108635



In the RAN#93-e meeting, the following was concluded.

	conclusion: For the objective on enhancements for support of time synchronization, RAN should provide the following guidance:
	- RAN4 to provide reply LS to RAN1 (e.g. in response to R1-2108635 on TA-based PDC and a potential RAN1 LS on RTT-based PDC) before the start of RAN1#107-e (Nov 11th)



Considering that RAN4’s reply LS will not come back in this meeting, we can discuss some other details, e.g. whether the normal TA procedure is affected or not. Assuming TA-based PDC is used, if the TA-procedure is impacted, then it means that the UE can also adjust its uplink timing based on the new TA value which is originally used for PDC. From uplink transmission performance perspective, it is beneficial since it is more accurate. However based on current RAN4 spec, the UE can adjust the uplink timing with a relative accuracy to the signaled timing advance value. If the UE can also adjust uplink timing according to the new TA value e.g. Tc, then it is not clear whether the timing advance adjustment accuracy defined in RAN4 also needs to be satisfied or not. If the TA-procedure is not impacted, then the uplink timing adjustment is the same as Rel-16 which is simple. And another option maybe to leave it to the UE’s implementation since anyway the PDC will be compensated no matter TA-procedure is impacted or not. 

And if gNB-based pre-compensation is applied, then gNB can estimate the TA and compensate it in the reference clock, thus there is also no impact to the normal TA related procedure.

Observation 5: For TA-based propagation delay compensation, it seems feasible to leave it to UE implementation about whether normal TA related procedure is impacted or not by the new procedure designed for TA-based PDC if supported.

Conclusion
In this paper, we give our considerations for the enhancements in Rel-17.
Observation 1: The overall synchronization error for RTT-based PDC based on Alt.1, or Alt.2 in case of 30 kHz, can satisfy the single Uu interface budget for control-to-control scenario. 
Observation 2: The overall synchronization error for RTT-based PDC based on Alt.2 in case of 15 kHz may or may not satisfy single Uu interface budget for control-to-control scenario, depending on whether  is included or not.
Observation 3: It can be gNB/UE’s implementation to handle inconsistent RTT measurement in gNB and UE due to a change of uplink TX timing for RTT-based PDC if supported in Rel-17.
Observation 4: If RTT-based propagation delay compensation is supported and performed at the UE side, the granularity of 32 Tc for indicating gNB Rx-Tx time difference to UE seems sufficient.
Observation 5: For TA-based propagation delay compensation, it seems feasible to leave it to UE implementation about whether normal TA related procedure is impacted or not by the new procedure designed for TA-based PDC if supported.

Proposal 1: For RTT-based propagation delay compensation, Alt.1 is used for further evaluation.

Annex 1
	TS38.133-g80
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
	
	IoNote 4 range

	
	
	
	
	
	NR operating band groupsNote 2
	Minimum
IoNote 1
	Maximum
Io

	TcNote 5
	dB
	RB
	
kHz
	
	
	dBm / SCSPRS
	dBm/BW

	
	
	
	
	
	
	SCSPRS=15 kHz
	SCSPRS=30 kHz
	SCSPRS=60 kHz
	

	± [78+]
	-3
	≥[24]
	
15
	≥[4]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [59+]
	
	≥[52]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [30+]
	
	>[104]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	
	≥[24]
	30
	≥[4]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [30+]
	
	≥[48]
	
	      ≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	[bookmark: _Hlk72775815]± [15+]
	
	≥[132]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [29+]
	
	≥[24]
	60
	≥[4]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [15+]
	
	≥ [64]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [7+]
	
	≥ [132]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [101+]
	
-13
	≥[24]
	
15
	≥[4]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [75+]
	
	≥[52]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [39+]
	
	>[104]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	[bookmark: _Hlk72775271]TBD
	
	≥[24]
	30
	≥[4]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [37+]
	
	≥[48]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [16+]
	
	≥[132]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [36+]
	
	≥[24]
	60
	≥[4]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [16+]
	
	≥ [64]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [8+]
	
	≥ [132]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	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].


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
	
	IoNote 4 range

	
	
	
	
	
	NR operating band groupsNote 2
	Minimum
IoNote 1
	Maximum
Io

	TcNote 5
	dB
	RB
	
kHz
	
	
	dBm / SCSPRS
	dBm/BW

	
	
	
	
	
	
	SCSPRS=15 kHz
	SCSPRS=30 kHz
	SCSPRS=60 kHz
	

	± [137+]
	-3
	≥[24]
	
15
	≥[4]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [96+]
	
	≥[52]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [62+]
	
	>[104]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	
	≥[24]
	30
	≥[4]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [68+]
	
	≥[48]
	
	      ≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [44+]
	
	≥[132]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [59+]
	
	≥[24]
	60
	≥[4]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [42+]
	
	≥ [64]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [36+]
	
	≥ [132]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [180+]
	
-13
	≥[24]
	
15
	≥[4]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [98+]
	
	≥[52]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [68+]
	
	>[104]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	
	≥[24]
	30
	≥[4]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [85+]
	
	≥[48]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [44+]
	
	≥[132]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [139+]
	
	≥[24]
	60
	≥[4]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [66+]
	
	≥ [64]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [30+]
	
	≥ [132]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	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].


The accuracy requirements in Table 10.1.25.2-3 for FR2 are valid under the following conditions:
Conditions defined in clause 7.3 of TS 38.101-2 [19] for reference sensitivity are fulfilled.
PRP|dBm according to Annex B.2.x for a corresponding Band.
AWGN propagation condition.
Table 10.1.25.2-3: UE Rx-Tx time difference measurement accuracy in FR2 in AWGN
	Accuracy
	Conditions

	
	PRS Ês/Iot
	Minimum PRS bandwidth
	
PRS SCS
	PRS resource repetitionNote 3
	IoNote 4 range

	
	
	
	
	
	NR operating band groupsNote 2
	Minimum
IoNote 1
	Maximum
Io

	TcNote 5
	dB
	RB
	
kHz
	
	
	dBm / SCSPRS
	dBm/BWChannel

	
	
	
	
	
	
	SCSPRS = 60 kHz
	SCSPRS = 120 kHz
	

	± [22+]
	-3
	≥[24]
	60
	≥[1]
	TBD
	TBD
	TBD
	TBD

	± [15+]
	
	≥[64]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD

	± [7+]
	
	≥[132]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD

	± [12+]
	
	≥[24]
	120
	≥[1]
	TBD
	TBD
	TBD
	TBD

	± [7+]
	
	≥[64]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD

	± [4+]
	
	≥[128]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD

	± [35+]
	-13
	≥[24]
	60
	≥[1]
	TBD
	TBD
	TBD
	TBD

	± [15+]
	
	≥[64]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD

	± [7+]
	
	≥[132]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD

	± [14+]
	
	≥[24]
	120
	≥[1]
	TBD
	TBD
	TBD
	TBD

	± [9+]
	
	≥[64]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD

	± [4+]
	
	≥[128]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD

	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].



The accuracy requirements in Table 10.1.25.2-4 for FR2 are valid under the following conditions:
Conditions defined in clause 7.3 of TS 38.101-2 [19] for reference sensitivity are fulfilled.
PRP|dBm according to Annex B.2.x for a corresponding Band.
Fading propagation condition.
Table 10.1.25.2-4: UE Rx-Tx time difference measurement accuracy in FR2 in fading
	Accuracy
	Conditions

	
	PRS Ês/Iot
	Minimum PRS bandwidth
	
PRS SCS
	PRS resource repetitionNote 3
	IoNote 4 range

	
	
	
	
	
	NR operating band groupsNote 2
	Minimum
IoNote 1
	Maximum
Io

	TcNote 5
	dB
	RB
	
kHz
	
	
	dBm / SCSPRS
	dBm/BWChannel

	
	
	
	
	
	
	SCSPRS = 60 kHz
	SCSPRS = 120 kHz
	

	± [75+]
	-3
	≥[24]
	60
	≥[4]
	TBD
	TBD
	TBD
	TBD

	± [72+]
	
	≥[64]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD

	± [57+]
	
	≥[132]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD

	± [61+]
	
	≥[24]
	120
	≥[4]
	TBD
	TBD
	TBD
	TBD

	± [64+]
	
	≥[64]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD

	± [55+]
	
	≥[128]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD

	± [92+]
	-13
	≥[24]
	60
	≥[4]
	TBD
	TBD
	TBD
	TBD

	± [70+]
	
	≥[64]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD

	± [57+]
	
	≥[132]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD

	± [60+]
	
	≥[24]
	120
	≥[4]
	TBD
	TBD
	TBD
	TBD

	± [60+]
	
	≥[64]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD

	± [62+]
	
	≥[128]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD

	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].







Annex 2
	TS38.133-g80
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.
Editor’s Note: The accuracy numbers can be revisited based on the new simulation results for the lower bounds of SRS BW ranges which were not simulated.
Editor’s Note: The averaging method for baseline gNB Rx-Tx accuracy can be revisited to take into account the spread of proposals from contributing companies.
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

	[63]
	≥ -13
	15
	 44 ≤ BW ≤ 84

	[31]
	
	
	 88 ≤ BW ≤ 168

	[15]
	
	
	176 ≤ BW

	[117]
	≥ +3
	
	24 ≤ BW ≤ 40

	[60]
	
	
	 44 ≤ BW ≤ 84

	[31]
	
	
	 88 ≤ BW ≤ 168

	[15]
	
	
	176 ≤ BW

	[37]
	≥ -13
	30
	 48 ≤ BW ≤ 84

	[15]
	
	
	 88 ≤ BW ≤ 168

	[8]
	
	
	176 ≤ BW

	[31]
	≥ +3
	
	 48 ≤ BW ≤ 84

	[15]
	
	
	 88 ≤ BW ≤ 168

	[8]
	
	
	176 ≤ BW

	[19]
	≥ -13
	60
	 48 ≤ BW ≤ 84

	[8]
	
	
	 88 ≤ BW 

	[15]
	≥ +3
	
	 48 ≤ BW ≤ 84

	[8]
	
	
	 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

	[8]
	≥ -13
	60
	 132 ≤ BW ≤ 168

	[6]
	
	
	176 ≤ BW

	[8]
	≥ +3
	
	132 ≤ BW ≤ 168

	[6]
	
	
	176 ≤ BW

	[19]
	≥ -13
	120
	 32 ≤ BW ≤ 40

	[8]
	
	
	 44 ≤ BW ≤ 84

	[6]
	
	
	88 ≤ BW

	[15]
	≥ +3
	
	 32 ≤ BW ≤ 40

	[8]
	
	
	 44 ≤ BW ≤ 84

	[6]
	
	
	88 ≤ BW








Annex 3

	13.2	gNB Rx-Tx time difference
13.2.1	Report mapping
The reporting range of gNB Rx-Tx time difference, as defined in Clause 5.2.3 of TS 38.215 [4], is defined from -985024Tc to +985024Tc. The reporting resolution is uniform across the reporting range and is defined as T = Tc*2k where k is selected by gNB from the set {0, 1, 2, 3, 4, 5}.
Tc is defined in TS 38.211 [6].
LMF provides a recommended resolution parameter, timingReportingGranularityFactor [35]. gNB selects parameter k based on timingReportingGranularityFactor [35] and informs the LMF.
The mapping of measured quantity for each reporting resolution (k) is defined in Table 13.2.1-1 to Table 13.2.1-6.
Table 13.2.1-1: gNB Rx-Tx time difference measurement report mapping for reporting resolution of Tc (k=0)
	Reported Value
	Measured Quantity Value
	Unit

	RX-TX_0000
	-985024 > RX-TX
	Tc

	RX-TX_0001
	-985024  RX-TX < -985023
	Tc

	RX-TX_0002
	-985023  RX-TX < -985022
	Tc

	
	
	…

	RX-TX_985023
	-2  RX-TX < -1
	Tc

	RX-TX_985024
	-1  RX-TX  0
	Tc

	RX-TX_985025
	0 < RX-TX  1
	Tc

	RX-TX_985026
	1 < RX-TX  2
	Tc

	RX-TX_985027
	2 < RX-TX  3
	Tc

	…
	…
	…

	RX-TX_1970048
	985023 < RX-TX  985024
	Tc

	RX-TX_1970049
	985024 < RX-TX
	Tc



Table 13.2.1-2: gNB Rx-Tx time difference measurement report mapping for reporting resolution of 2Tc (k=1)
	Reported Value
	Measured Quantity Value
	Unit

	RX-TX_0000
	-985024 > RX-TX
	Tc

	RX-TX_0001
	-985024  RX-TX < -985022
	Tc

	RX-TX_0002
	-985022  RX-TX < -985020
	Tc

	
	
	…

	RX-TX_492511
	-4  RX-TX < -2
	Tc

	RX-TX_492512
	-2  RX-TX  0
	Tc

	RX-TX_492513
	0 < RX-TX  2
	Tc

	RX-TX_492514
	2 < RX-TX  4
	Tc

	RX-TX_492515
	4 < RX-TX  6
	Tc

	…
	…
	…

	RX-TX_985024
	985022 < RX-TX  985024
	Tc

	RX-TX_985025
	985024 < RX-TX
	Tc



Table 13.2.1-3: gNB Rx-Tx time difference measurement report mapping for reporting resolution of 4Tc (k=2)
	Reported Value
	Measured Quantity Value
	Unit

	RX-TX_0000
	-985024 > RX-TX
	Tc

	RX-TX_0001
	-985024  RX-TX < -985020
	Tc

	RX-TX_0002
	-985020  RX-TX < -985018
	Tc

	
	
	…

	RX-TX_246255
	-8  RX-TX < -4
	Tc

	RX-TX_246256
	-4  RX-TX  0
	Tc

	RX-TX_246257
	0 < RX-TX  4
	Tc

	RX-TX_246258
	4 < RX-TX  8
	Tc

	RX-TX_246259
	8 < RX-TX  12
	Tc

	…
	…
	…

	RX-TX_492512
	985020 < RX-TX  985024
	Tc

	RX-TX_492513
	985024 < RX-TX
	Tc



Table 13.2.1-4: gNB Rx-Tx time difference measurement report mapping for reporting resolution of 8Tc (k=3)
	Reported Value
	Measured Quantity Value
	Unit

	RX-TX_0000
	-985024 > RX-TX
	Tc

	RX-TX_0001
	-985024  RX-TX < -985016
	Tc

	RX-TX_0002
	-985016  RX-TX < -985008
	Tc

	
	
	…

	RX-TX_123127
	-16  RX-TX < -8
	Tc

	RX-TX_123128
	-8  RX-TX  0
	Tc

	RX-TX_123129
	0 < RX-TX  8
	Tc

	RX-TX_123130
	8 < RX-TX  16
	Tc

	RX-TX_123131
	16 < RX-TX  24
	Tc

	…
	…
	…

	RX-TX_246256
	985016 < RX-TX  985024
	Tc

	RX-TX_246257
	985024 < RX-TX
	Tc



Table 13.2.1-5: gNB Rx-Tx time difference measurement report mapping for reporting resolution of 16Tc (k=4)
	Reported Value
	Measured Quantity Value
	Unit

	RX-TX_0000
	-985024 > RX-TX
	Tc

	RX-TX_0001
	-985024  RX-TX < -985008
	Tc

	RX-TX_0002
	-985008  RX-TX < -984992
	Tc

	
	
	…

	RX-TX_61563
	-32  RX-TX < -16
	Tc

	RX-TX_61564
	-16  RX-TX  0
	Tc

	RX-TX_61565
	0 < RX-TX  16
	Tc

	RX-TX_61566
	16 < RX-TX  32
	Tc

	RX-TX_61567
	32 < RX-TX  48
	Tc

	…
	…
	…

	RX-TX_123128
	985008 < RX-TX  985024
	Tc

	RX-TX_123129
	985024 < RX-TX
	Tc



Table 13.2.1-5: gNB Rx-Tx time difference measurement report mapping for reporting resolution of 32Tc (k=5)
	Reported Value
	Measured Quantity Value
	Unit

	RX-TX_0000
	-985024 > RX-TX
	Tc

	RX-TX_0001
	-985024  RX-TX < -984992
	Tc

	RX-TX_0002
	-984992  RX-TX < -984960
	Tc

	
	
	…

	RX-TX_30781
	-64  RX-TX < -32
	Tc

	RX-TX_30782
	-32  RX-TX  0
	Tc

	RX-TX_30783
	0 < RX-TX  32
	Tc

	RX-TX_30784
	32 < RX-TX  64
	Tc

	RX-TX_30785
	64 < RX-TX  96
	Tc

	…
	…
	…

	RX-TX_61564
	984992 < RX-TX  985024
	Tc

	RX-TX_61565
	985024 < RX-TX
	Tc
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