3GPP TSG-RAN WG4 Meeting #101-bis-e                	 R4-2201781
Electronic Meeting, January 17th-25th, 2022
Agenda Item:	6.23.2.1
Source:	MediaTek Inc.
Title:	RTT-based PDC enhancements in URLLC
Document for:		Discussion 
1 Introduction
The revised WID on physical layer enhancements for NR URLLC for Rel-17 has the following objective [1]:
	4. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]


Furthermore, RAN4 received an LS from RAN1 with the following set of agreements [2]:
	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 accuracyerrorgNB,RxTxDiff 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


In this contribution, we aim to provide a discussion on the propagation delay compensation enhancements.
2 [bookmark: _Ref23587092]RTT-based propagation delay compensation 
Based on the agreements from RAN1, the Rx-Tx time difference can be calculated at either the gNB (based on SRS signal) or the UE based on either using CSI-RS for tracking (i.e. TRS) and PRS.  
2.1. Discussion on the UE Rx-Tx time difference measurement accuracy based on PRS
The PRS signal is already being introduced for the positioning use case and the UE Rx-Tx time difference measurement accuracy is being defined in clause 10.1.25 [2]. Given that RAN1 has not defined a new PRS structure for the RTT-based method, thus the UE Rx-Tx time difference measurement accuracy from the positioning feature shall apply for the RTT-based method. However, so far the UE Rx-Tx time difference covers the baseband accuracy requirements, where the RF accuracy requirements are still under discussion in the positioning agenda. Despite that, once the RF accuracy requirements are defined, then both the defined baseband and the RF accuracy requirements shall apply to the RTT-based method. 
Observation 1: [bookmark: _Ref79148056]There is no new PRS signal structure from RAN1 for the RTT-based method propagation delay compensation. 
Observation 2: [bookmark: _Ref92723086]The existing UE Rx-Tx time difference measurement accuracy for PRS covers the baseband only, where the RF part is still under discussion. 
Proposal 1: [bookmark: _Ref92670588]Support reusing the UE Rx-Tx time difference measurement accuracy of PRS for the RTT-based method PDC for both baseband and RF accuracy.
Proposal 2: [bookmark: _Ref92723177]For the UE Rx-Tx time difference measurement accuracy of PRS, RAN4-URLLC shall wait for RAN4-positioning to finalise the accuracy requirements. 
2.2. Discussion on the gNB Rx-Tx time difference measurement accuracy based on SRS
The SRS signal is an existing signal with a defined gNB Rx-Tx time difference accuracy. Also, given that RAN1 did not define a new signal structure for SRS, hence the accuracy requirements define defined in clause 13.2.2.2 [3] can be used for URLLC.  
Observation 3: [bookmark: _Ref92723099]The existing gNB Rx-Tx time difference measurement accuracy for SRS covers both the baseband and RF impediments. 
Proposal 3: [bookmark: _Ref92723191]Support reusing the gNB Rx-Tx time difference measurement accuracy of SRS for the RTT-based method PDC in URLLC.
2.3. Discussion on the UE Rx-Tx time difference measurement accuracy based on CSI-RS for tracking
On the other hand, there is no UE Rx-Tx time difference measurement accuracy defined yet for TRS signals. Hence, RAN4-URLLC should conduct simulations to estimate the baseband accuracy using TRS. In addition, for the RF accuracy part, RAN4 can leverage the new defined RF accuracy in PRS to estimate the RF accuracy for TRS signals. In general, the RF accuracy is impacted by the frequency range, and the reference signal bandwidth. 
Observation 4: [bookmark: _Ref92723127]There is no UE Rx-Tx time difference measurement accuracy defined yet for TRS signals. 
Observation 5: [bookmark: _Ref92723143]Simulations are needed to estimate the baseband accuracy for the UE Rx-Tx time difference measurement accuracy using TRS signals.
Proposal 4: [bookmark: _Ref92723208]Support conducting simulations to find the accuracy of the baseband UE Rx-Tx time difference of TRS signal.
Proposal 5: [bookmark: _Ref92723221]For the RF accuracy part of the UE Rx-Tx time difference using TRS, RAN4 to leverage the RF accuracy defined for PRS, yet frequency range and reference signal bandwidth shall be taken into consideration when RF accuracy defined for TRS signals.
3 Summary
In this paper, we provide our view about the UE transmit timing error. We have the following observations. 
Observation 1: There is no new PRS signal structure from RAN1 for the RTT-based method propagation delay compensation.
Observation 2: The existing UE Rx-Tx time difference measurement accuracy for PRS covers the baseband only, where the RF part is still under discussion.
Observation 3: The existing gNB Rx-Tx time difference measurement accuracy for SRS covers both the baseband and RF impediments.
Observation 4: There is no UE Rx-Tx time difference measurement accuracy defined yet for TRS signals.
Observation 5: Simulations are needed to estimate the baseband accuracy for the UE Rx-Tx time difference measurement accuracy using TRS signals.
Also, we have the following proposals: 
Proposal 1: Support reusing the UE Rx-Tx time difference measurement accuracy of PRS for the RTT-based method PDC for both baseband and RF accuracy.
Proposal 2: For the UE Rx-Tx time difference measurement accuracy of PRS, RAN4-URLLC shall wait for RAN4-positioning to finalise the accuracy requirements.
Proposal 3: Support reusing the gNB Rx-Tx time difference measurement accuracy of SRS for the RTT-based method PDC in URLLC.
Proposal 4: Support conducting simulations to find the accuracy of the baseband UE Rx-Tx time difference of TRS signal.
Proposal 5: For the RF accuracy part of the UE Rx-Tx time difference using TRS, RAN4 to leverage the RF accuracy defined for PRS, yet frequency range and reference signal bandwidth shall be taken into consideration when RF accuracy defined for TRS signals.
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