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1	Introduction
In RAN1 meeting #104bis-e, it was concluded to “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.”. Ericsson’s views on whether pre-compensation should be supported at the gNB or UE and other PDC related views are summarized herein. 
[bookmark: _Ref178064866]2	Discussion
PDC using TA-based method:
It is assumed that the TA-based method can be used to determine PDC values that are suitable towards meeting the target sync accuracy level for some use cases as an alternative to using the RTT-based method for those use cases. Within this framework the following is proposed:
· The existing TA commands would anyway be transmitted to the UE to maintain UL transmission timing alignment. Considering that TA commands currently transmitted to a UE allow it to determine the applicable total PDC there is no additional benefit in supporting the case where a gNB pre-compensates 5G reference time information according to PDC it determines to be applicable.
· The TA-based method does not work when using broadcast messages (SIB9) for 5G reference time transmission if the cell size is large with a very different distance between UEs and gNB, since it requires an additional TA command that a gNB may not be able to send in close time proximity with the SIB9 transmission.
· As mentioned in the email discussion [2], there are challenges for gNB to keep track of the accurate cumulative TA applied at the UE side, since TA command is potentially not applied at the UE due to the failure delivery of the MAC CE and UE would apply a TA offset that is unknown at the gNB.
· Upon receiving a value for 5G reference time a UE needs to determine whether or not to perform TA-based PDC to reach the synchronization target. Since the UE always knows the sum total of the time adjustments resulting from all TA commands (and therefore the total applicable PDC) it only needs to know whether it is to apply PDC to the received 5G reference time. 
· As a possible solution a new field “CompensateRefTime BOOLEAN” can be introduced as an optional Rel-17 extension to the legacy IE “ReferenceTimeInfo”, thereby allowing a UE to determine whether or not to apply TA-based PDC to the received 5G reference time. In the absence of this field the UE shall not apply PDC. Additionally, this new field only needs to be included in the RRC-unicast message, as the legacy IE “ReferenceTimeInfo” can also be included in SIB9 and we don’t see a use case to include in the broadcast message.
· There is no need for UE to know whether gNB has compensated or not. For example, in a small cell or when UE’s propagation delay to the gNB is smaller than the targeted time sync accuracy level (i.e., smaller than the uncertainty introduced using the TA-based method), a gNB would not pre-compensate and UE does not need to compensate either.
· The benefits of a UE potentially triggering the RACH procedure or requesting a gNB to send a TA command in the interest of updating PDC are unclear: 
· The 5G reference time is used to time stamp gPTP messages which can lead to improved UE synchronization with an external GrandMaster clock while in the RRC_CONNECTED state. Ongoing data transmissions and periodic refreshes of the 5G reference time occur while the UE remains in the RRC_CONNECTED state which means there is no need to consider 5G reference time refresh and the application of PDC for UEs operating in the RRC_IDLE/RRC_INACTIVE state. In other words, there is no use case in which UE would trigger a RACH procedure to move from RRC_IDLE/RRC_INACTIVE state to RRC_CONNECTED state. 
· TA updates sent on PDCCH are best performed together (i.e., in close time proximity) with 5G reference time updates sent from the gNB to the UE using RRC unicast. It is therefore better to allow the gNB to autonomously determine the best time for initiating both updates to ensure close time proximity can be realized. In other words, it is of no use to allow UE to trigger or request the TA update.

PDC using RTT-based method:
It is assumed that the RTT-based method can be used to determine PDC values that are suitable towards meeting the most demanding target sync accuracy levels. Within this framework the following is proposed:
· Either a UE-side or a gNB-side determination of PDC can meet the target sync accuracy level but a UE-side PDC is preferred due to: 
· gNB-side PDC determination introduces a need to account for CU-DU time difference due to the RRC signaling (i.e., 5G reference time transmission) being generated at the CU while reference signals for time sync and measurement are generated at the DU.
· gNB-side PDC determination involves an “additional” information flow in the UL to report UE Rx-Tx time difference and it is unclear when/how to trigger UE reporting of this information. Additionally, it is not clear how to make this UE report as close in time proximity as possible to when the gNB sends 5G reference time to the UE.  
· [bookmark: _Toc74152365][bookmark: _Toc64447709][bookmark: _Toc56773080][bookmark: _Toc51776058]The UE-side PDC requires the gNB to signal “gNB Rx-Tx time difference” to the UE which means it can be sent along with the 5G reference time (e.g., using the same RRC unicast message) where the “gNB Rx-Tx time difference” IE can be reused from the positioning specs (e.g., 9.2.40 gNB Rx-Tx Time Difference in TS 38.455).
· Once the gNB Rx-Tx time difference is transmitted to the UE, it is understood implicitly that the UE shall apply the PDC.
· The need for UE transmission of “assistance” information to the gNB to help it make PDC related decisions (e.g., when to enable the use of PDC) is unclear due to the following:
· At RAN2#110-e it was agreed that a UE can calculate/predict the 5G reference time based on DL timing information after receiving “referenceTimeInfo” from gNB once (i.e., no spec impact).
· At RAN2#113 it was further confirmed that there is no UE clock drift issue to be addressed. The rationale is that RAN4 specifies in TS 38.101 that the UE clock is locked to DL frequency with at least ±0.1 PPM precision. This means +/- 1ns timing drift over 10ms, and a refresh time of 1s is sufficient to remain within the 1 µs accuracy. 
· After a UE receives one 5G reference time corrected by PDC, it tracks the time with an internal oscillator corrected by a frequency locking to the gNB clock. Additional PDC determinations and 5G reference time deliveries will be needed over time where the gNB can be expected to always be aware of when to make these determinations and deliveries. 
· In light of the above, UE transmission of “assistance” information to the gNB to help it make PDC related decisions is not required.
3. Conclusion
[bookmark: _In-sequence_SDU_delivery]In this paper, we have the following proposals:
Proposal 1: 	Support only a UE-side determination of the PDC required to meet the target sync accuracy regardless of whether the TA-based or RTT-based PDC method is used. 
Proposal 2: 	Introduce a per UE-indication on whether or not the UE shall apply UE-side PDC. FFS format (e.g., explicit/implicit, in which RRC message, IE). 
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