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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The updated WID on IIoT and URLLC support for NR was approved in [1]. One of the objectives is to enhance time synchronization for TSN by propagation delay compensation enhancements.
	Enhancements for support of time synchronization:
· RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
· Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]


RAN4 has discussed downlink frame detection error which is related to propagation delay compensation and provided feedback in reply LS [2].
[bookmark: _Hlk77685762]In the RAN4#99-e meeting, there were also initial discussions on RRM impacts of propagation delay compensation enhancement and agreements were captured in [3]. 
	· [bookmark: _Hlk77685841]RAN4 wait for further RAN1 progress and agreements related to enhanced propagation delay compensation before considering defining any PDC related requirements for new measurements if such are agreed in RAN1.


In this contribution, we provide our views on RRM requirements for propagation delay compensation enhancements.
2. Discussion
In the RAN1#104bis-e meeting, following agreements regarding propagation delay estimation and compensation were agreed as in [4].
	Agreements: Take the following equation for evaluation of the DL propagation delay estimation error for TA based propagation delay compensation:
[image: ]
· Either option 1 or option 2 below will be applied based on the RAN4 reply to RAN1 LS R1-2102245.
· Option 1: errorUE, DL,RX+errorUE, UL, TX <= Te
· Option 2: errorUE, UL, TX = Te and errorUE, DL,RX is equal to a value separate from Te
· 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. 

Working assumption:
[image: ]Take the following two alternatives as the equation for evaluation of the overall time 
synchronization error for TA based propagation delay compensation:
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that for the transmission of RRC signaling carrying the reference time clock
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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


[bookmark: _Hlk77686041]According to RAN1 evaluation, propagation delay compensation based on existing Rel-15/Rel-16 TA procedure and associated granularity is sufficient for meeting the Uu interface synchronicity error budget in LS R2-2010837 for the smart grid scenario.  But for control-to-control scenario, RAN1 needs to further study and specify the feasible enhancement for propagation delay compensation. Such enhancements may have impact on RAN4 RRM requirements.
Propagation delay compensation enhancements for both TA based PDC and RTT based PDC would focus on following aspects according to RAN1 agreements.
· 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.
If errorUE,DL,RX is based on other signals (e.g. CSI-RS) instead of SSB, then RAN4 should specify corresponding requirements for CSI-RS based downlink timing error. It may further depend on whether new procedure/signalling is introduced how the new RRM requirements are specified if necessary.
BS uplink timing detection (errorBS, UL,RX ) is usually BS implementation dependent, so it is not clear whether requirements for different uplink signals need to be specified or not. 
Since propagation delay compensation enhancements are still under discussion in RAN1, RAN4 needs to wait for further RAN1 agreements. However, if feasible enhancements are introduced in R17 corresponding requirements should be specified.
[bookmark: _Hlk77686269]Proposal 1: RAN4 is to specify UE RRM requirements for enhanced propagation delay compensation if it is introduced in RAN1.

3. Summary
[bookmark: _Hlk23953093]In this contribution we further provide our views on on RRM requirements for propagation delay compensation enhancements. Based on analysis following observations and proposals are present.
Proposal 1: RAN4 is to specify UE RRM requirements for enhanced propagation delay compensation if it is introduced in RAN1.
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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 ]   


