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In RAN1#106-e, the following agreements were reached on propagation delay compensation enhancements [1]. In this contribution, further discussion on the propagation delay compensation are presented.
	Agreement
SRS can be used for Rx – Tx time difference estimation at gNB side for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.

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.

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.  

Agreement
Send LS to RAN4 to ask for defining the following for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.   
· UE Rx-Tx time difference measurement accuracy errorUE,RxTxDiff based on CSI-RS for tracking
· gNB Rx-Tx time difference absolute accuracy errorUE,RxTxDiff based on SRS

R1-2108513	Feature lead summary on propagation delay compensation enhancements	Moderator (Huawei)

Agreement
Support the following configurations for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.  
· At least one CSI-RS for tracking (TRS) configuration for Rx – Tx time difference estimation at UE side if PRS is not configured
· At least one SRS configuration for Rx – Tx time difference estimation at gNB side

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

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



Discussion
Discussion on TA-based solution
According to the agreements reached in the previous meeting, the error components for the propagation delay especially for the TA-based solution include:
· 
BS transmitting time error(): 65ns
· 
UE downlink detection error(): 100ns
· 
UE transmitting time error(): Te including UE downlink detection error
· 
BS uplink detection error(): 100ns
· 
TA indication error(): 8*Ts for 15kHz SCS, 4*Ts for 30kHz SCS
In RAN1#104bis-e, the following steps were used for determining the overall time synchronization error for TA-based solution [2]. 
	Step 1: gNB sends the reference time clock  (i.e. referenceTimeInfo-r16) to UE, and the actual time clock at the UE side should be

· BS transmit timing error for transmitting the RRC signaling containing the reference time clock     
· Downlink frame timing detection error for receiving the RRC signaling contacting the reference time clock  
Step 2: When the UE receives referenceTimeInfo-r16, UE obtains  indicated by referenceTimeInfo-r16. After UE does the propagation delay compensation, the estimated time clock at the UE side is

·  DL propagation delay estimation error, e.g.  for TA-based PDC. Note that details for  is defined in step 4 below.
Step 3: The overall time synchronization error (i.e. the difference between the actual time clock in step 1 and the estimated time clock in step 2) is 
 



For the DL propagation delay estimation error, whether  should be included in the equation for TA based propagation delay compensation is FFS. Some companies believed that it should not be included since it reflects the error between the air interface time and the timestamp provided by the RRC signaling and the error should be accounted for in the RRC related error sources (i.e. step 1). In our understanding, the timestamp is from the time clock of the network. The UE transmits the UL signal based on the downlink timing of the DL signal transmitted by the network. When the network receives the UL signal from the UE, the TA is determined based on the time clock of the network but not the air interface time of the DL signal. Therefore, the errorBS,DL,TX should be included in the DL propagation delay estimation error.

Proposal 1:   should be included in the DL propagation delay estimation error.
In last meeting, there were two alternatives for evaluation of the overall time synchronization error. Considering they are based on different implementations, we think both of them can be further studied. However, there is no need to meet the requirement for both of the two alternatives. 
The difference between them is whether the consistent BS transmitting time error and UE downlink detection error are used in the step 1 and step 2. If the inconsistent BS transmitting time error and UE downlink detection error are used in the step 1 and step 2, then the Alt. 1 is achieved. For example, The UE receives the reference time and corresponding system frame (i.e., step 1) at a time and the UE gets the TA (i.e., step 2) at another time. It means the step 1 and step 2 are performed at the different time. It is difficult to say that the BS transmitting time error or UE downlink detection error in the two steps is consistent in the two steps. 
However, if the step 1 and step 2 are performed at the same time, the consistent value can be obtained in the step 1 and step 2. In this case, Alt. 2 can be achieved. Take the following procedures as an example.
· The network sends the reference time providing the transmitting time of the ending boundary of the frame N. 
· Then the UE receives the downlink signal in the frame N and performs the downlink synchronization to obtain the downlink frame timing based on the received signal. In this procedure, the BS transmitting time error and UE downlink detection error in step 1 are involved. 
· The UE further transmits the UL signal based on the obtained downlink frame timing. It means the BS transmitting time error and UE downlink detection error in step 1 affect the UL signal transmission.
· Then the network sends a new TA after receiving the UL signal so that the UE obtains the new TA value. 
· The UE use the new TA value to determine the time when it receives the frame N. 
We can see the both of the BS transmitting time error and UE downlink detection error are consistent in the step 1 and step 2 since the new TA is obtained based on the procedure in step 1. Therefore, we think Alt. 2 can also be achieved and slightly prefer to use it for evaluation since it can achieve a higher accuracy. 
Proposal 2: Both Alt. 1 and Alt. 2 can be used for further study and Alt. 2 is preferred. 
Discussion on RTT-based solution
In RAN1#106-e, the following two alternatives were agreed as the equation for the evaluation of the overall time synchronization error for RTT-based propagation delay compensation. 
	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


In addition, it was agreed that CSI-RS for tracking or PRS can be used for Rx-Tx time difference estimation at the UE side and SRS can be used for Rx-Tx time difference estimation at the network side if RTT-based propagation delay compensation is supported. Figure 1 is an example of the Alt. 2, where the UE and the network measure the same DL signal and UL signal pair (or DL subframe and UL subframe pair). 


Figure 1 RTT-based propagation delay estimation
However, if the network and the UE measure the different DL signal and UL signal pairs at different time, then the BS transmitting time error and the BS uplink detection error are not consistent. It may lead to that the BS transmitting time error and BS uplink detection error double for the estimated propagation delay. This is very similar as the Alt. 1 in the working assumption for TA-based solution, where the BS transmitting time error and UE downlink detection error are not consistent due to two operations at the different time. An example is shown in the Figure 2 below, where the UE measures DL signal 1 and UL signal 1 to obtain UE Rx-Tx time difference while the network measures the DL signal 2 and UL signal 2 to obtain gNB Rx-Tx time difference. It can be seen that the BS transmitting time error and BS uplink detection error are not consistent in the measurement performed at the UE and the network.
Similar as the discussion in section 2.1, to avoid the inconsistency, the network and the UE should measure the same DL signal and UL signal pair to obtain its Rx-Tx time difference. In other words, the same downlink subframe and uplink subframe should be measured. We believe such condition should also be applied in Alt. 1. 


Figure 2 RTT-based propagation delay estimation
Proposal 3: The network and the UE should measure the same DL signal and UL signal pair to obtain its Rx-Tx time difference.
For the Alt. 1, the gNB Rx-Tx time difference measurement accuracy and UE Rx-Tx time difference measurement accuracy defined by RAN4 are used for evaluation. These error components are different from those for TA-based solution. If Alt.1 is adopted for further evaluation finally, the relationship between the error for gNB/UE Rx-Tx time difference measurement accuracy and the error components in section 2.1 should be clarified. This is very important for the fair comparison of the two solutions. For example, whether the UE downlink detection error and/or UE transmitting time error are included in the UE Rx-Tx time difference measurement accuracy. This depends on whether UE downlink detection error and/or UE transmitting time error are taken into account when defining the UE Rx-Tx time difference measurement accuracy. However, RAN1 may not be able to achieve a consensus on this since it is defined by RAN4. If RAN1 cannot, it would be better to send an LS to RAN4 for clarification.
Proposal 4: RAN1 should discuss and achieve a consensus on the details of gNB/UE Rx-Tx time difference measurement accuracy before further adopting Alt. 1 for evaluation.
Proposal 5: If RAN1 cannot make a consensus, an LS can be sent to RAN4 for clarification on the Rx-Tx time difference measurement accuracy with the following questions.
· Question 1: Whether UE downlink detection error and/or UE transmitting time error have been taken into account when defining the UE Rx-Tx time difference measurement accuracy and whether BS transmitting time error and/or BS uplink detection error have been taken into account when defining gNB Rx-Tx time difference measurement accuracy?
· Question 2: Is there any other error components needed to be considered in addition to , , , if gNB Rx-Tx time difference and UE Rx-Tx time difference are used to calculate the DL propagation delay with the assumption of the same DL and UL propagation delay, where  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.
Analysis results
According to the reply LS from RAN2, the budget of single Uu interface is (145ns, 275ns) for the control to control scenario [3]. RAN2 further point out that the error caused by the limited granularity of referenceTimeInfo-r16 IE (±5ns) is already included in the network part budget, and RAN1 should not include this error in Uu interface again. Based on the agreed Alt. 1 and Alt. 2, the evaluation results for TA-based solution and RTT-based solution are shown in Table 1 and Table 2, respectively, even though the details of Alt.1 for RTT-based solution are still not clear. 
It should be noted the Rx-Tx time difference indication error is Tc for RTT-based solution with the assumption of k=0[4]. For Alt. 1 for RTT-based solution, the assumed UE Rx-Tx time difference measurement accuracy is (180+δ) *Tc (i.e., 91.5+0.5δ ns) at 15kHz and (85+δ)*Tc (i.e., 43+0.5δ ns) at 30kHz. The assumed gNB Rx-Tx time difference measurement accuracy is (117+Y)*Tc (i.e., 59.5+0.5*Y ns) at 15kHz and (37+Y)*Tc (i.e., 19+0.5*Y ns) at 30kHz, where Y is declared by manufacturer. It should be noted the worst case is used to provided the flexibility for the network configuration. For TA-based solution, the UE detection error is 100ns at 15kHz and 30kHz. 
· If the UE detection error is included in the UE Rx-Tx time difference measurement accuracy defined in RAN4, the values for the UE detection error and the UE Rx-Tx time difference measurement accuracy should be aligned. For example, adopt a value larger than UE detection error for UE Rx-Tx time difference measurement accuracy or a value smaller than UE Rx-Tx time difference accuracy for UE detection error. 
· If the UE detection error is not included in the UE Rx-Tx time difference measurement accuracy defined in RAN4, then the UE detection error should be considered additionally.
Proposal 6: The assumption on the error components should be aligned for fair comparison of the two methods if the UE detection error has been included in Rx-Tx time difference.
Table 1 Evaluation results for the accuracy of the Uu interface based on TA-based solution
	
	Alt. 1
	Alt. 2

	
	15kHz
	30kHz
	15kHz
	30kHz

	BS transmission timing error
	65ns
	65ns
	65ns
	65ns

	UE detection error
	100ns
	100ns
	100ns
	100ns

	Initial transmission error
	391ns(12*64*Tc)
	260ns(8*64*Tc)
	391ns(12*64*Tc)
	260ns(8*64*Tc)

	TA indication error
	260ns(8*64*Tc)
	130ns(4*64*Tc)
	260ns(8*64*Tc)
	130ns(4*64*Tc)

	BS detection error
	100ns
	100ns
	100ns
	100ns

	Total error
	573
	442.5
	408
	277.5


Table 2 Evaluation results for the accuracy of the Uu interface based on RTT-based solution
	
	Alt. 1
	Alt. 2

	
	15kHz
	30kHz
	15kHz
	30kHz

	BS transmission timing error
	65ns
	65ns
	65ns
	65ns

	UE detection error
	100ns
	100ns
	100ns
	100ns

	Initial transmission error/
 
	91.5+0.5δ
	85+δ
	391ns(12*64*Tc)
	260ns(8*64*Tc)

	Rx-Tx indication error
	0.5ns
	0.5ns
	0.5ns
	0.5ns

	BS detection error/
 
	59.5+0.5*Y
	19+0.5*Y
	100ns
	100ns

	Total error(ns)
	240.75+(δ+Y)*0.25
	217.25+(δ+Y)*0.25
	278.25
	212.75


It can be seen that, the TA-based solution cannot meet the requirement and whether RTT-based solution can meet the requirement depends on the value of δ and Y if Alt.1 is used. If Alt.2 is used, the TA-based solution still cannot meet the requirement and the evaluation results is very close to the target at 30kHz SCS. For RTT-based solution, the requirement can be met at 30kHz SCS and the evaluation result is very close to the target at 15kHz SCS.
Observation 1: RTT-based solution can achieve the higher accuracy due to the smaller reporting resolution.
For TA-based solution, both of the enhanced TA indication granularity and initial transmission error Te can be considered for the enhancement. Table 3 is an example of the achieved the accuracy of Uu interface when the current values are reduced by half for the initial transmitting timing error (Te) and the TA indication granularity. It can be seen that the requirement can be satisfied after enhancement if Alt.2 is adopted. In addition, the TA indication error can be further reduced to provide a better performance without impacting on the current TA procedure. For example, a new MAC CE is used to indicate a finer TA for propagation delay compensation only on top of the current TA. 
For RTT-based, the granularity of the Rx-Tx time difference cannot be improved any more. So the other error components have to be reduced anyway. For example, if the initial transmission error (Te) is reduced a bit, the requirement can be met. Since TA-based solution is simpler and has limited specification impact, we propose to consider the TA-based propagation delay compensation first. 
Table 3 An example of the achieved accuracy of Uu interface
	
	15kHz
	30kHz

	Enhanced initial transmission error(Te)
	195ns
	-

	Enhanced TA indication error
	130ns
	260ns

	Achieved accuracy of Uu interface
	245ns
	275.5ns


Proposal 7: TA-based solution should be adopted for the propagation delay compensation enhancements, e.g., reduce the TA indication granularity or initial transmission error.
Conclusion
According to the discussion above, we have the following observations and proposals.
Observation 1: RTT-based solution can achieve the higher accuracy due to the smaller reporting resolution.

Proposal 1:   should be included in the DL propagation delay estimation error.
Proposal 2: Both Alt. 1 and Alt. 2 can be used for further study and Alt. 2 is preferred. 
Proposal 3: The network and the UE should measure the same DL signal and UL signal pair to obtain its Rx-Tx time difference.
Proposal 4: RAN1 should discuss and achieve a consensus on the details of gNB/UE Rx-Tx time difference measurement accuracy before further adopting Alt. 1 for evaluation.
Proposal 5: If RAN1 cannot make a consensus, an LS can be sent to RAN4 for clarification on the Rx-Tx time difference measurement accuracy with the following questions.
· Question 1: Whether UE downlink detection error and/or UE transmitting time error have been taken into account when defining the UE Rx-Tx time difference measurement accuracy and whether BS transmitting time error and/or BS uplink detection error have been taken into account when defining gNB Rx-Tx time difference measurement accuracy?
· Question 2: Is there any other error components needed to be considered in addition to , , , if gNB Rx-Tx time difference and UE Rx-Tx time difference are used to calculate the DL propagation delay with the assumption of the same DL and UL propagation delay, where  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.
Proposal 6: The assumption on the error components should be aligned for fair comparison of the two methods if the UE detection error has been included in Rx-Tx time difference.
Proposal 7: TA-based solution should be adopted for the propagation delay compensation enhancements, e.g., reduce the TA indication granularity or initial transmission error.
Reference
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Appendix
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 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
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