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Introduction
RRM requirements for Rel-17 URLLC/IIOT were discussed in RAN4#99-e, and the outcomes are captured in the WF [1]. In particular, one topic discussed was the impacts of enhanced propagation delay compensation (PDC). The related agreements are as follows.
	· Agreement (Sub-topic #1-1, Issue 1-3):
· 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.
· Sub topic 1-1, Issue 1-1: RAN4 should only pursue one set of Rel-17 enhancements to satisfy the accuracy requirements of PDC for all use cases. 
· All companies supported waiting for further progress
· Sub topic 1-1, Issue 1-2: RAN4 will not define requirements for propagation delay compensation based on existing Rel-15 or Rel-16 TA procedure and granularity. 
· All companies supported waiting for further progress
· Agreement for Issues 1-1 and 1-2:
· Wait for further WI progress


In this paper, we will provide our views on potential RRM impacts due to PDC.
Discussion
The context of the PDC enhancement is that to support TSC, some synchronicity budget of Uu interface has to be met depending on the use cases [2]. RAN1 has been evaluating the time sync error on the Uu interface, where the error of propagation delay compensation (PDC) plays significant role. 
RAN1 has discussed several mechanisms for PDC, e.g. the following agreements are reached 
	RAN1#102-e:
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). 

RAN4#104-bis-e:
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

Conclusion:
· Leave it to RAN2 to decide whether to support UE based compensation and/or gNB based compensation for any propagation delay compensation method RAN1 may adopt for Rel-17, if applicable.


It can be seen that two kinds of PDC mechanisms are being considered in RAN1, one is TA based, and the other is RTT based. In RAN1#104-bis-e, RAN1 has reached some conclusions on the PDC error.
	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.
· 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. 


For PDC based on existing Rel-15/Rel-16 TA procedure and associated granularity, we do not see the need for define any RAN4 requirements, as both UE and gNB works in the same way as today. Basically, UE estimates the Rx timing from SSB or TRS, and its Tx timing should meet the Te requirements. gNB estimates the Rx timing from SRS and generates TA for the UE UL transmission. 
Proposal 1: RAN4 does not need to define any requirement for PDC based on existing Rel-15/Rel-16 TA procedure and associated granularity.
RAN1 has been discussing PDC enhancement for control-to-control scenarios, and two mechanisms are discussed. One is enhanced TA and the other one is RTT. Based on our understanding, RAN1 is trying to down-select the solution, and this was also discussed in RAN#92-e but without consensus. 
Based on RAN1#105-e feature lead summary [2], we understand following issues are to be evaluated by RAN4. 
· For enhanced TA solution, RAN4 would need to evaluate the feasibility of enhanced Te requirements and enhanced TA command granularity
· For RTT solution, RAN4 would need to evaluate the achievable accuracy of the UE Rx-Tx measurement
For enhanced TA command granularity, it is more issue for signalling overhead, and a finer granularity does not mean RAN4 needs to define enhanced requirements for TA adjustment accuracy, so we do not see any feasibility issue from RAN4 perspective. It is noted that for Rel-16 IAB, RAN4 has recommended a timing control granularity of 1Ts and 0.5Ts [3], and no feasibility issue was raised up.
Proposal 2: RAN4 confirms no feasibility issue for enhanced TA commanded granularity from RAN4 perspective.
For enhanced Te requirements, we understand more evaluations are needed. Te includes the DL timing detection error in the BB, as well as the margin for the imperfections in determining the UL timing. 
· For the BB detection error, RAN4 needs to evaluate based on RAN1 inputs e.g. the RS for determining Te. In Rel-15 Te requirements were defined based on SSB, and if TRS or other wide BW RS is to be assumed, we think the detection error can be better than currently assumed in Te. 
· Improvement on the margin needs input from chipset vendors. 
Proposal 3: RAN4 to evaluate enhancement of Te requirements, including
· Improvement on DL timing detection error based on RAN1 inputs about the RS
· Improvement on the margin
For Rx-Tx measurement accuracy, similar as for positioning accuracy requirements, RAN4 needs to evaluate the BB timing estimation error and the group delay calibration margin. BB timing estimation error depends on RAN1 inputs on the RS, e.g. whether PRS, CSI-RS and/or SRS is used in the measurement. The group delay calibration margin may be re-used from positioning discussion at least from UE side.
Proposal 4: RAN4 to evaluate UE/gNB Rx-Tx time difference measurement accuracy based on RAN1 inputs.
Conclusions
In this paper we provided our views on RRM impacts due to PDC enhancement.
Proposal 1: RAN4 does not need to define any requirement for PDC based on existing Rel-15/Rel-16 TA procedure and associated granularity.
Proposal 2: RAN4 confirms no feasibility issue for enhanced TA commanded granularity from RAN4 perspective.
Proposal 3: RAN4 to evaluate enhancement of Te requirements, including
· Improvement on DL timing detection error based on RAN1 inputs about the RS
· Improvement on the margin
Proposal 4: RAN4 to evaluate UE/gNB Rx-Tx time difference measurement accuracy based on RAN1 inputs.
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