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Introduction
In RAN 1 # 104be-meeting, the following agreements were made:
Agreements: If downlink frame timing detection error needs to be considered separately from propagation delay estimation error, take ±100 ns as the assumption for downlink frame timing detection error (errorUE,DL,RX) at the UE for evaluation of the overall time synchronization error for RTT based propagation delay compensation
Agreements: Take the following equation for evaluation of the DL propagation delay estimation error for TA based propagation delay compensation:
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· Either option 1 or option 2 below will be applied based on the RAN4 reply to RAN1 LS R1-2102245.    
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· FFS whether errorBS,DL,TX in the above equation should be included or not. 
Agreements:
· Observation 1: Propagation delay compensation based on existing Rel-15/Rel-16 TA procedure and associated granularity, with no enhancements in RAN1, is sufficient for meeting the Uu interface synchronicity error budget in LS R2-2010837 for the smart grid scenario.  
· Observation 2: RAN1 needs to further study and specify the feasible enhancement (if any with RAN1 spec impact) for propagation delay compensation for control-to-control scenario, in order to meet the synchronicity budget of Uu interface in LS R2-2010837. 
Agreement:
Take the following as the evaluation assumptions for both RTT-based PDC and TA-based PDC.   
· The UE may acquire an up-to-date PD estimation after waking up from DRX. This implies that gNB may signal an update timing advance value or complete a Rx-Tx measurement procedure.
· errorUE,DL,RX is based on other signals (e.g. CSI-RS) instead of SSB.
· errorBS, UL,RX iss based on other uplink signals instead of contention based PRACH, e.g. SRS.  
· Further study and specify new procedure/signaling (if necessary) to ensure that the PD estimation can be acquired after DRX for the adopted PDC method.
Agreement:
Existing DL reference signal(s) are used for Rx – Tx time difference estimation at UE side for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.   
· FFS whether PRS can be used for UE Rx – Tx time difference estimation or not  
· FFS which DL reference signal(s) to be used if/when PRS is not used


Working assumption:
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[bookmark: _Ref465413974]This contribution discusses propagation delay compensation from RAN 1 perspective.  
TA-based propagation delay
Two alternatives were agreed as working assumption for the time error of TA-based propagation delay calculation.  For TA-based method, gNB estimation propagation delay and signals or pre-compensate the propagation delay to the UE. Based on the study in Rel-16 and the agreement, the estimation errors are related to subcarrier spacing and mainly consist of the following parts shown as figure 1: 
· [bookmark: _GoBack]gNB transmit error (): 65ns was agreed to use for control-to-control cases in previous RAN 1 meeting. We think 65ns should be assumed for control-to-control cases. For smart grid, it was agreed to use 65ns or 200ns for the evaluation.
· However, in our view, gNB transmit error can be divided by 2. 
· Downlink frame timing error (): LS had been sent to RAN 4 and the value can be based on RAN 4 feedback.  In the equation, there is a place holder. 
· UE transmit timing error (): Two options were listed in the agreements in RAN 1 #104b-e. In option 2, this value could be Te. As defined in TS 38.133 Table 7.1.1-2, this error Te is about as ±12*64*Tc , ±8*64*Tc and ± 7*64*Tc for 15KHz, 30KHz and 60KHz respectively. 
· [bookmark: _Hlk528413243]BS detecting error (): This error is introduced when gNB estimates UL channel/signals to obtain propagation delay. PRACH may not able to provide enough accuracy of time estimation. SRS/UL DMRS or PUSCH can be used. The estimation accuracy depends on occupied BW. The error was agreed to be ±100 ns.
· [bookmark: _Hlk528413276]TA granularity error (): If using current TA granularity, i.e., , and the error is  .
Since gNB received the signal from UE which covers two propagation delay, and indicates UE to adjust propagation delay. Therefore, we proposal to use the following equation to calculate the error (Option 2) 


Proposal 1: The following equation is used to calculate the error for TA-based method (option 2): 


RTT based propagation delay
RTT based propagation delay was briefly discussed. The method is from positioning.  The main idea is that, the RTT time (double of propagation delay) is equal to  +, where,  and . Therefore,  + = -)+-). In this method, it is also gNB to estimate the propagation delay. And gNB needs to know the offset at UE side between transmission and reception time. In addition, gNB needs to know when to receive the uplink transmission. In positioning, the information is from SRS-Pos from the LMF. 
The main error comes from the following parts:
· gNB transmit error (: It happens when gNB transmit DL signaling at . This error is the offset between on actual gNB transmission time and the assumed gNB transmission time at gNB side. 
· UE transmit timing error (: When UE estimate the signaling from gNB, it has estimation error. In addition, UE will transmit based on the indication from higher layer. It will additional cause transmit error. The value need further dicussed
· BS detecting error (): This error is introduced when gNB estimates UL channel/signals at . Similarly,  the accuracy depends on the occupied BW. Assuming similar occupied BW as TA-based method, the error can be also assumed to be ~100ns.
· UE Rx-Tx difference granularity error (: Because gNB need to estimate propagation delay with gNB Rx-Tx offset and UE Rx-Tx offset. In TS 38.133, the reporting range for the absolute UE Rx-Tx time difference measurement (TUE Rx-Tx)is defined with the resolution step of 2kTc, where: k =0,…,5 based on different configurations, with the estimation of PRS. 
· Propagation delay indication granularity error (): gNB eventually need to signaling to UE about the propagation delay. Therefore, an additionally signaling to indicate propagation delay cannot be avoided. The granularity of propagation delay indication will also affect the total error. 

Similarly, since RTT time if two times of propagation delay, the error for propagation delay estimation is half of the sum of the above , , , . And when UE estimate time, gNB transmit error and the granularity error of propagation delay needs to be additionally added. Therefore, the following equation can be used to calculate total error for RTT-based method: 


Proposal 2: The following equation is used to calculate the error for RTT-based method:
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Figure 1
Comparison of TA based method and RTT based method
From the above analysis on TA based method and RTT based method, we can see that, the fundamental of the two methods are the same. For TA based method, gNB estimate TA assuming UE Tx-Rx difference = 0, and gNB calculate gNB Tx-Rx different based on a virtual   of the configured PRACH resource. Comparing the total error from different method. With current procedure of TA and RTT method for positioning, the main different comes from the indication granularity. 
For TA based method, there are three solutions. Current TA procedure is to adjust uplink transmission time. Therefore, the granularity of current TA considered the required accuracy of UL reception at gNB side. However, in order to reduce the timing error for TNS, the granularity for propagation delay is much smaller. The finer granularity is not very useful for TA adjustment considering the hardware limited. On the other hand, finer TA granularity will cost a lot of overhead since it may happen more frequently for uplink transmission. Therefore, it is preferred to introduce a separate procedure to with a new dedicated signalling for propagation delay compensation.
Observation 1: Current TA procedure is to align the uplink signal arriving time at gNB sides, to achieve the target error of time estimation, big overhead is redundant for a normal TA procedure.  
Observations 2: With 0.5ns indication granularity, the target can be achieved with 30kHz SCS for new procedure with TA based structure.
For position RTT based method, most of the configuration are from LMF other than gNB. In order to support RTT based solution, a whole new procedure and configurations needs to be introduced. In addition, to support current RTT based method, gNB and UE need to support PRS transmission and estimation. Therefore, other DL reference signal(s) is better to be used to decouple the capability of position and propagation delay compensation is preferred. For example, CSI-RS and SSB can be used as DL reference signal(s) without increasing UE complexity for RTT based evaluation. 

Proposal 3: CSI-RS and SSB can be used as DL reference signal(s) without increasing UE complexity for RTT based evaluation.

Considering the above analysis and observation, a new procedure for propagation delay estimation can be considered.

Proposal 4: Introduce a new procedure for propagation delay estimation and keep current TA procedure for TA only.
In order to improve the accuracy of time estimation, the following aspects can be considered:
· To introduce finer granularity to reduce the error TTAe caused by quantization. For example, with 0.5ns indication granularity, it can reduce 75~130ns error. In order to avoid heavy overhead for TA indication, a new procedure can be defined for propagation delay estimation. 
· To reduce the estimation error Tge on UL reception time. In the analysis, SRS/UL DMRS or PUSCH is assumed for propagation delay estimation other than PRACH. 
· To avoid TA adjustment error Tadj by transmit UL signal for propagation delay estimation with pre-known TA. 
Other errors either are limited by hardware, or depend on UE or gNB detection performance.  
Proposal 5: Introduce a finer granularity to indicate propagation delay, e.g., down to 0.5ns. 
Proposal 6: Consider to use SRS, UL DMRS or PUSCH for propagation delay estimation. A predefined TA can be used for transmission of the UL signaling for propagation delay estimation. 
Conclusions
This contribution discusses propagation delay compensation from RAN 1 perspective. The following observations are made:
Observation 1: Current TA procedure is to align the uplink signal arriving time at gNB sides, to achieve the target error of time estimation, big overhead is redundant for a normal TA procedure.  
Observations 2: With 0.5ns indication granularity, the target can be achieved with 30kHz SCS for new procedure with TA based structure.

Based on the observations, the following proposals are made:
Proposal 1: The following equation is used to calculate the error for TA-based method (option 2): 


Proposal 2: The following equation is used to calculate the error for RTT-based method:

Proposal 3: CSI-RS and SSB can be used as DL reference signal(s) without increasing UE complexity for RTT based evaluation.
Proposal 4: Introduce a new procedure for propagation delay estimation and keep current TA procedure for TA only.
Proposal 5: Introduce a finer granularity to indicate propagation delay, e.g., down to 0.5ns. 
Proposal 6: Consider to use SRS, UL DMRS or PUSCH for propagation delay estimation. A predefined TA can be used for transmission of the UL signaling for propagation delay estimation. 
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o   Opti on 1:  𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 ,   𝑈𝐿 ,   𝑇𝑋   <= Te   o   Option 2:  𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 ,   𝑈𝐿 ,   𝑇𝑋   = Te and  𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋   is equal to a value separate  from Te    
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Take the following two alternatives as the equation for evaluation of the overall time  synchronization error for TA based propagation delay compensation:      Alt. 1 :    𝑒𝑟𝑟𝑜𝑟 𝑡𝑜𝑡𝑎𝑙 , 𝑇 𝐴 𝑏𝑎𝑠𝑒𝑑 ≤   𝑒𝑟𝑟𝑜𝑟 𝐵𝑆 , 𝐷𝐿 , 𝑇𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝐵𝑆 , 𝐷𝐿 , 𝑇𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋   + 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 ,   𝑈𝐿 ,   𝑇𝑋   + 𝑒𝑟𝑟𝑜𝑟 𝐵𝑆 , 𝑈𝐿 , 𝑅𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝑇 𝐴 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑖𝑜𝑛 2       o   Either option 1 or option 2 below will be applied based on the RAN4 reply to  RAN1 LS  R1 - 2102245 :       Option 1:  𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 ,   𝑈𝐿 ,   𝑇𝑋   <= Te      Option 2:  𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 ,   𝑈𝐿 ,   𝑇𝑋   = Te and  𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋   is  equal to a value  separate from Te          Alt. 2 :    𝑒𝑟𝑟𝑜𝑟 𝑡𝑜𝑡𝑎𝑙 , 𝑇 𝐴 𝑏𝑎𝑠𝑒𝑑 ≤   [ 1 2 ∗ ] 𝑒𝑟𝑟𝑜𝑟 𝐵𝑆 , 𝐷𝐿 , 𝑇𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋   + 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 ,   𝑈𝐿 ,   𝑇𝑋   + 𝑒𝑟𝑟𝑜𝑟 𝐵𝑆 , 𝑈𝐿 , 𝑅𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝑇 𝐴 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑖𝑜𝑛 2       o   Either option 1 or option 2 below will be applied based on the RAN4 reply to  RAN1 LS  R1 - 2102245 :       Option 1:  𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 ,   𝑈𝐿 ,   𝑇𝑋   <= Te      Option 2:  𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 ,   𝑈𝐿 ,   𝑇𝑋   = Te and  𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋   is  equal to a value  separate from Te       o   [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 ]   
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Take the following two alternatives as the equation for evaluation of the overall time  synchronization error for TA based propagation delay compensation:      Alt. 1 :    𝑒𝑟𝑟𝑜𝑟 𝑡𝑜𝑡𝑎𝑙 , 𝑇 𝐴 𝑏𝑎𝑠𝑒𝑑 ≤   𝑒𝑟𝑟𝑜𝑟 𝐵𝑆 , 𝐷𝐿 , 𝑇𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝐵𝑆 , 𝐷𝐿 , 𝑇𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋   + 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 ,   𝑈𝐿 ,   𝑇𝑋   + 𝑒𝑟𝑟𝑜𝑟 𝐵𝑆 , 𝑈𝐿 , 𝑅𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝑇 𝐴 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑖𝑜𝑛 2       o   Either option 1 or option 2 below will be applied based on the RAN4 reply to  RAN1 LS  R1 - 2102245 :       Option 1:  𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 ,   𝑈𝐿 ,   𝑇𝑋   <= Te      Option 2:  𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 ,   𝑈𝐿 ,   𝑇𝑋   = Te and  𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋   is  equal to a value  separate from Te          Alt. 2 :    𝑒𝑟𝑟𝑜𝑟 𝑡𝑜𝑡𝑎𝑙 , 𝑇 𝐴 𝑏𝑎𝑠𝑒𝑑 ≤   [ 1 2 ∗ ] 𝑒𝑟𝑟𝑜𝑟 𝐵𝑆 , 𝐷𝐿 , 𝑇𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋   + 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 ,   𝑈𝐿 ,   𝑇𝑋   + 𝑒𝑟𝑟𝑜𝑟 𝐵𝑆 , 𝑈𝐿 , 𝑅𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝑇 𝐴 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑖𝑜𝑛 2       o   Either option 1 or option 2 below will be applied based on the RAN4 reply to  RAN1 LS  R1 - 2102245 :       Option 1:  𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 ,   𝑈𝐿 ,   𝑇𝑋   <= Te      Option 2:  𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 ,   𝑈𝐿 ,   𝑇𝑋   = Te and  𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋   is  equal to a value  separate from Te       o   [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 ]   
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𝑒𝑟𝑟𝑜𝑟 𝑃 𝐷𝐿 = [ 𝑒𝑟𝑟𝑜𝑟 𝐵𝑆 , 𝐷𝐿 , 𝑇𝑋 + ] 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋   + 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 ,   𝑈𝐿 ,   𝑇𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝐵𝑆 , 𝑈𝐿 , 𝑅𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝑇 𝐴 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑖𝑜𝑛 2  


