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Introduction
RAN #102e agreed the following candidate options for NR PDC enhancement.
Agreements:
The following options for propagation delay compensation are further studied in RAN1  
· Option 1: TA-based propagation delay
· Option 1a: Propagation delay estimation based on legacy Timing advance (potentially with enhanced TA indication granularity).
· Option 1b: Propagation delay estimation based on timing advanced 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)

· Option 2: RTT based delay compensation:
· Propagation delay estimation based on an RAN managed Rx-Tx procedure intended for time synchronization (FFS to expand or separate procedure/signaling to positioning). 

Meanwhile, RAN2 agreed the single Uu interface synchronicity error budget as in table below (ref. R2-2010837). 
	Scenario
	Single Uu interface Budget

	Control-to-Control
	±145ns to ±275ns

	Smart Grid
	±795ns to ±845ns



In this contribution, we focus on the PDC procedure discussion based on above RAN1/RAN2 progresses.
Compensation procedure enhancement
Assume following notations:
· : The DL Tx timing alignment error at the gNB. RAN1 #103e agreed this error to be within range of ±65ns for control-to-control scenario, and within range of ±65ns or ±200ns for smart grid 
· : The UL Rx timing detection error at the gNB. The assumption for this error component was agreed to be 100ns.
· : The error caused by TA command granularity. This error component is assumed to be up to half of TA command granularity, or within range of . 
· : The UL Tx timing error between the actual Tx timing and the reference Tx timing. The corresponding error range requirements, as defined as Te in TS38.133, depend on the SCS of DL SSB and SCS of UL transmission. For simplicity purpose, for a given SCS for UL transmission, the most loose RAN4 requirement across all SSB SCSs is used in this analysis, e.g., this error is assumed to be within the range of   for UL SCS=15kHz and  for UL SCS=30kHz.
· : The accuracy for downlink frame timing detection at the UE side. It is assumed to use the same value as , i.e., 100ns.

The gNB is supposed to send its clock value (TBS) at the time determined by the clock value being sent, but the actual transmission occurs at TBS+eBS,DL,Tx. After the one-way propagation delay (TPD), the transmission signal from gNB arrives at UE at time of TBS+eBS,DL,Tx+TPD. Due to timing detection error at UE, the UE believes the DL arrival timing is 
=TBS+eBS,DL,Tx+TPD+ eUE,DL,Rx.
Once the UE finds out the one-way propagation delay (), the UE derives the conceived “gNB Tx timing” for clock (TBS) at .  So, the total error is given by
 
Note that both errors of  and  are instantly associated with the DL transmission of clock value, so it is difficult to mitigate these two errors. Further, based on current assumptions, these two error terms may contribute up to 165ns in total, which is already a major portion of error budget for control-to-control scenario.  
The one-way propagation delay estimation is usually calculated as half of difference between Tx-to-Rx interval conceived at gNB () and Rx-to-Tx interval conceived at UE (), where  contains the true Tx-to-Rx interval and error components {, }, and  contains the true Rx-to-Tx interval and error components {, }. 
· For TA-based propagation delay estimation,  is intended to be zero but subject to the half TA command granularity, i.e., . The one way propagation delay is estimated at the UE. 
· For RTT-based propagation delay estimation, one of entities from gNB and UE should indicate its Tx-to-Rx internal to the peer entity which calculates the one-way propagation delay, where the indication is subject to a quantization error (denoted as eQ) equal to the half of indication quantization granularity. 
Then,  , where 

Given  is already fixed by specification and  always has the potential to be smaller than , RTT-based one-way propagation delay estimation can always have smaller error than TA-based estimation.
Observation 1: RTT-based one-way propagation delay estimation can always be made to have smaller error than TA-based estimation. 
According to NR specifications, the error ranges for  (or Te),  and total error in  are given as below. 
	UL SCS (kHz)
	Te (in unit of 64Tc)
	Te (ns)
	 (in unit of 64Tc)
	 (ns)
	Error in TA-based  (ns)

	15
	12
	391
	8
	260
	458

	30
	10
	326
	4
	130
	360


Table 1 Error in TA-based one way propagation delay estimation
Accordingly,  is up to 165+458=623ns, which is smaller than error budget (795ns) for smart grid scenario. 
Observation 2: For smart grid scenario, TA-based one-way propagation delay estimation can meet the total error budget given by RAN2; so can RTT-based one-way propagation delay estimation (according to Observation 1).  
It can be also seen from above timing error analysis that, even without the errors of  and  that can be tuned by  RAN1/RAN2 specifications as certain enhancements, the error in one-way propagation delay estimation can be up to  for SCS=15kHz and 296ns for SCS=30kHz, both of which are already larger than the total error budget (275ns) for control-to-control scenario. This conclusion does not change for SCS=15kHz even if  is reduced to zero (100ns assumption is not RAN1 agreement yet). 
Observation 3:  For control-to-control scenario, regardless of granularities for TA command and Tx-to-Rx interval indication, for both 15kHz and 30kHz of UL SCS, the assumed hardware timing imperfectness in transmissions and receptions of the gNB and UE already make the one-way propagation delay estimation error exceeding the total error budget given by RAN2.   
Conclusions
In this contribution, we show our views on propagation delay compensation enhancement with following observations:
Observation 1: RTT-based one-way propagation delay estimation can always be made to have smaller error than TA-based estimation. 
Observation 2: For smart grid scenario, TA-based one-way propagation delay estimation can meet the total error budget given by RAN2; so can RTT-based one-way propagation delay estimation (according to Observation 1).  
Observation 3:  For control-to-control scenario, regardless of granularities for TA command and Tx-to-Rx interval indication, for both 15kHz and 30kHz of UL SCS, the assumed hardware timing imperfectness in transmissions and receptions of the gNB and UE already make the one-way propagation delay estimation error exceeding the total error budget given by RAN2.   
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