[bookmark: _Toc2086435]3GPP TSG-RAN WG4 Meeting # 101-bis-e 	R4-2201584
Electronic Meeting, Jan. 17-25, 2022        
Source:	Ericsson
Title:	Propagation Delay Compensation Enhancements for Time Synchronization 
Agenda item:	6.23.2.1
Document for:	Approval
[bookmark: clause4][bookmark: _Toc2086441]1	Introduction
In this tdoc we review RAN1 decision regarding propagation delay compensation, analyze the required performance and propose how to define RTT-based PDC accuracy requirements.
2	Discussion
2.1	RAN1 decision
In LS [1] RAN1 informs RAN4:
	
Agreement
If RTT-based PDC is supported, a single granularity 32Tc (i.e. k=5) is supported for Rx-Tx measurement report. 

Agreement 
For Rel-17 
· Support RTT-based PDC method 
· Support PDC method based on legacy TA-based mechanism
·  No RAN1/RAN4 specification impact expected

Agreement 
For RTT-based PDC, existing definitions of UE Rx – Tx time difference (i.e. section 5.1.30 in TS 38.215) and gNB Rx – Tx time difference (i.e. section 5.2.3 in TS 38.215) are reused, with updates at least to reflect the single pair of TRS/PRS and SRS configured for RTT-based PDC.

Agreement 
Send an LS to RAN2 and RAN4 with the content including:  
· The agreements made in RAN1#107-e for propagation delay compensation. 
· Ask RAN4 to define the following for RTT-based propagation delay compensation:  
· UE Rx-Tx time difference measurement accuracy based on CSI-RS for tracking
· UE Rx-Tx time difference measurement accuracy based on PRS (including reuse existing spec if appropriate)
· gNB Rx-Tx time difference absolute accuracy based on SRS (including reuse existing spec if appropriate)
· Inform RAN4 that enhanced TA-based PDC with reduced Te and enhanced TA command granularity is precluded in RAN1.

Conclusion
For RTT-based PDC, it is assumed that the transmission of DL TRS/PRS, UL SRS and reference time information are associated with a same TRP. 
· Note: No RAN1 specification impact is expected for this conclusion

Agreement
For RTT-based propagation delay compensation, the Rx-Tx time difference is reported via RRC signaling.



The RAN4 task is to define the following for RTT-based propagation delay compensation:  
· UE Rx-Tx time difference measurement accuracy based on CSI-RS for tracking
· UE Rx-Tx time difference measurement accuracy based on PRS (including reuse existing spec if appropriate)
· gNB Rx-Tx time difference absolute accuracy based on SRS (including reuse existing spec if appropriate)

For PDC method based on legacy TA-based mechanism. RAN1 foresees no RAN1 specification impact.
2.2	Required performance using the RTT-based propagation delay estimation
The RTT-based method is investigated in this section to estimate the time synchronization error when used to adjust the value of the 5G system clock. The overall uncertainty consists of the error due to signaling the 5G reference time to the UE (i.e. ) and the error due to adjusting the value of the 5G reference time with estimated propagation delay (PD). The component of  is the same as that of TA-based method. In the following, we focus on the error due to propagation delay compensation via RTT-based method.
For RTT-based method, the timing relationship of transmission and reception is illustrated in Figure 3, at both the gNB side and the UE side. 
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Figure 3: Timing relationship of DL transmission and UL transmission

With reference to Figure 3, the following relationship exists:


The propagation delay is estimated as half of , where:

Expressed another way:

As described in TS 38.215, the measurement of gNB Rx-Tx time difference provides , and the measurement of UE Rx-Tx time difference provides .
When using  to estimate propagation delay, the total uncertainties for PD when using RTT-based method is captured in the equation below:
, where:
    						(2)
 
In the equation above,  and  reflects the measurement inaccuracy of gNB Rx-Tx time difference, and the measurement inaccuracy of UE Rx-Tx time difference, respectively.  reflects the error due to the granularity of reporting the Rx-Tx time difference.  Component  can be the error due to the report mapping table granularity of the UE Rx-Tx time difference,  or the error due to the report mapping table granularity of gNB Rx-Tx time difference, depending on the direction of reporting.  For example, if the UE reports its measured value of UE Rx-Tx time difference to gNB, then  corresponds to the error due to the report mapping table granularity of the UE Rx-Tx time difference. Note that, in contrast to the  estimation for positioning, where both gNB and UE report RxTxTimeDiff to the location server, for clock synchronization, reporting is only necessary in one direction. Hence report mapping error needs to be included once only.
Currently, measurement inaccuracy requirements (i.e.,  and ) are available in 38.133. In existing release-16 TS 38.133. This is considered in the analysis below.
For the control-to-control use case, to evaluate the time synchronization error for the RTT-based method we assume the following uncertainty values:
(a) : ± 130 ns. The uncertainty due to the value of the 5G reference time indicated by the gNB as being applicable to the end of SFNx not reflecting the actual 5G reference time value when the end of SFNx occurs at the gNB Antenna Reference Point (ARP). The RAN1 time budget values and agreements were needed to unify comparison. The ±65ns (for control-to-control, per agreement at RAN WG1#103e) is too strict considering that co-located intra band for CA or DC in a co-located deployment have TAE = 260 ns in existing specification. We propose that RAN4 do the evaluation based on ± 130 ns instead. 
(b) : The uncertainty associated with UE downlink frame timing detection. The minimum DL frame timing detection error (without any margin) is inverse of the DL BW of the signals used for timing estimation. For 44 PRB we will in an ideal case get  = 63 ns.
(c)  and : Accuracy requirements from existing rel-16 38.133 specification. We use section 13.2.2 for gNB Rx-Tx time difference accuracy and section 10.1.25 for UE RX-TX time difference. If we assume SCS = 15 kHz and pick SRS Ês/Iot ≥ -13 dB and  44 ≤ BW ≤ 84 PRB from table 13.2.2.2-1 we get  = 123 Tc ≈ 63 ns. If we use PRS Ês/Iot ≥ -13 dB and  ≥ [24] PRB we have  = 101 Tc +  ≈ 51+  ns.
(d) :  ±16 ns. RAN1 has decided to use a single granularity of 32 Tc (i.e. k=5) for Rx-Tx measurement report [1]. Then, the uncertainty due to the granularity of reporting the Rx-Tx time difference = 32*Tc = 16 ns. 

Using the values above, the total clock synchronization error for the 5G reference time is estimated as:

An  of 258 ns will me the 145 ns to 275 ns requirement (see Table 1) for the control-to-control use case. 

Already at SCS = 15 kHz, a BW of 44 PRB and Ês/Iot ≥ -13 dB will meet the control-to-control use case requirement of 145 ≤  ≤ 275 ns, using existing release-16 requirements for gNB and UE Rx-Tx time difference. 
[bookmark: _Hlk90568381]
However, the PRS and SRS bandwidths are flexible and if we pick pick SRS Ês/Iot ≥ +3 dB and  176 ≤ BW PRB from table 13.2.2.2-1 we get  = 16 Tc ≈ 8 ns. If we use PRS Ês/Iot ≥ -3 dB and  ≥ [104] PRB we have  = 30 Tc +  ≈ 15 +  ns. For a BW = 176 PRB  = 16 ns, in an ideal case. We then get a best case of: 

[bookmark: _Toc61914528][bookmark: _Toc68639874]PRS and SRS bandwidths are flexible and we can reach an RTT  accuracy of 165 ns with the bandwidths and the requirements already specified in TS 38.133 for gNB Rx - Tx time difference and UE Rx – TX time difference.
2.3	Requirements for time difference measurement accuracy
[bookmark: _Hlk90569901]
The already defined requirements for gNB ad UE Rx-Tx time difference in existing TS 38.133 for release 16 will meet the control-to-control use case requirement.

[bookmark: _Toc54381258][bookmark: _Toc61914534][bookmark: _Toc68639879]Reuse UE Rx-Tx time difference measurement accuracy based on PRS and gNB Rx-Tx time difference absolute accuracy based on SRS, from release 16 specification for RTT-based PDC .
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Given that exiting PRS and SRS time difference measurement accuracy can fulfil control-to-control use case requirement we propose to down prioritize RTT-based propagation delay compensation based on UE Rx-Tx time difference measurement accuracy using CSI-RS for tracking.
Down prioritize RTT-based propagation delay compensation based on UE Rx-Tx time difference measurement accuracy using CSI-RS for tracking.
3	Summary
1. Already at SCS = 15 kHz, a BW of 44 PRB and Ês/Iot ≥ -13 dB will meet the control-to-control use case requirement of 145 ≤  ≤ 275 ns, using existing release-16 requirements for gNB and UE Rx-Tx time difference. 
PRS and SRS bandwidths are flexible and we can reach an RTT  accuracy of 165 ns with the bandwidths and the requirements already specified in TS 38.133 for gNB Rx - Tx time difference and UE Rx – TX time difference.
1. Reuse UE Rx-Tx time difference measurement accuracy based on PRS and gNB Rx-Tx time difference absolute accuracy based on SRS, from release 16 specification for RTT-based PDC .
1. Down prioritize RTT-based propagation delay compensation based on UE Rx-Tx time difference measurement accuracy using CSI-RS for tracking.
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