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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 compensation should be supported at the gNB or compensation should be applied at UE and other PDC related views are summarized herein. 
Additionally, in the RAN2#115 meeting, it is agreed that:
1. RAN2 assumes that gNB can perform pre-compensation. RAN2 agrees to introduce signalling to enable/disable UE-side PDC.  
2. The gNB can enable/disable UE-side PDC via unicast-RRC signalling for Rel-17
3. RAN2 shall wait for RAN1 to decide the measurement framework for RTT based PDC method and does not preclude UE-side PDC or gNB based pre-compensation at this point. RAN2 is expecting guidance from RAN1 on what is needed.
[bookmark: _Ref178064866]2	Discussion
In the subsection 2.1, we discuss UE-specific propagation delay compensation (PDC) while in the subsection 2.2, we discuss gNB pre-compensation for all UEs in one cell to reduce signalling overhead.
2.1 UE-specific PDC 
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 limited set of 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 still be transmitted to the UE to maintain UL transmission timing alignment. Considering that TA commands currently transmitted to a UE allows it to determine the applicable total PDC there is no additional benefit in supporting the case where a gNB compensates 5G reference time information according to PDC it determines to be applicable. In other words, using the existing TA-based method for performing PDC inherently rules out the need for a gNB to perform pre-compensation in conjunction with sending the 5G reference time.
· There are challenges for gNB to keep track of the accurate cumulative TA applied at the UE side, since the legacy TA command is potentially not applied at the UE due to the delivery failure of the corresponding MAC CE (i.e., the gNB and UE could become out of sync regarding the cumulative TA offset to be applied).
· 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 assumes it 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. 
· 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.
Even though RAN1 is discussing some TA-related enhancements for PDC, the above argument applies in general for TA-based methods.
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 (gNB reports Rx-Tx time difference to UE) is preferred due to: 
· 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.
In the last meeting, it was agreed that 
1. RAN2 shall wait for RAN1 to decide the measurement framework for RTT based PDC method and does not preclude UE-side PDC or gNB based pre-compensation at this point. RAN2 is expecting guidance from RAN1 on what is needed.
There has been some progress in the last RAN1 meeting (see the Annex) and the agreements will be sent to RAN2 as LS R1-2110647. The agreements are mostly related with what types of the reference signals to be used and the contents of the Rx-Tx report. From these aspects, the RAN2 impacts are restricted to the RRC parameters. It is not clear what more measurement framework information is needed, and thus we propose that: 
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.
2.2 gNB pre-compensation for all UEs in a cell
UE-specific PDC introduces overhead (e.g., the reference signals and RRC messages to deliver the measurement report). It is beneficial, from the system point of view, to have as few UE-specific propagation delay compensations as possible. 
A broadcasted and pre-compensated reference time information is an efficient configuration. Suppose the tightest synchronization error/inaccuracy budget allocated to propagation delay for all UEs in the cell is ± X nanoseconds (ns). Corresponding to the budget of X ns, the distance covered by the radio wave is estimated as D = C*X (ignore non-line-of-sight effect), where C denotes the speed of light in meters per ns. 
· An uncompensated reference time information from the gNB means that those UEs, whose distance to the gNB is within [0, D], would have Uu interface synchronization error of [0, X] ns. Thus without pre-compensation, the subset of UEs located more than distance D away would require propagation delay compensation individually. 
· On the other hand, a smart gNB implementation would broadcast a pre-compensated reference time information with X ns (i.e., the indicated time in the SIB9 message is X ns before the actual internal gNB clock time). In this way, those UEs, whose distance to the gNB is within [0, 2*D], would have Uu interface synchronization error of [-X, X] ns. Thus, with pre-compensation of X ns to SIB9 message, only the subset of UEs located more than distance 2*D away would require propagation delay compensation individually. 
Thus, with pre-compensation to SIB9 message, the signalling overhead for per-UE propagation delay compensation is reduced since the UEs located with distance [0, 2*D] away from gNB no longer need UE-specific propagation delay compensation.
Since the value carried by SIB9 message is up to gNB implementation, the pre-compensation can be performed by legacy (Rel-16) gNBs. Legacy Rel-16 UEs and Rel-17 UEs just deliver the received time to the upper layer and so no backwards compatibility issue. The requirement is that the gNB is aware of all UEs time synchronization target in the cell, so that the tightest value can be derived and used in the pre-compensation.
Observation 1: The gNB can pre-compensate the reference time in SIB9 as long as the gNB is aware of the tightest Uu interface requirements for UEs in the cell. 
Observation 2: UE-specific propagation delay compensation is still necessary for UEs located too far away even with gNB pre-compensation. 

However, the broadcasted and pre-compensated reference time information can be read by all UEs in the cell. For those UEs that require per-UE propagation delay compensation (i.e., UEs at a distance > 2*D), it is thus unclear how to support the propagation delay compensation since the existing methods (i.e., TA-based and RTT-based) are designed under the assumption that the reference time is un-compensated. One network implementation is also to RRC-unicast the uncompensated reference time. Thus the UE may receive two different values of reference time information, a pre-compensated value in SIB9, and an un-compensated value in the UE-specific DLInformationTransfer message. This requires an understanding from the UE that the broadcast reference time should not be considered, and the UE shall apply the reference time information in the RRC unicast message, i.e., DLInformationTransfer.
Proposal 2: When reference time information is received in both the DLInformationTransfer message and the SIB9, the UE applies the reference time info in the DLInformationTransfer message. 
3. Conclusion
[bookmark: _In-sequence_SDU_delivery]In this paper, we have the following observation:
Observation 1: The gNB can pre-compensate the reference time in SIB9 as long as the gNB is aware of the tightest Uu interface requirements for UEs in the cell. 
Observation 2: UE-specific propagation delay compensation is still necessary for UEs located too far away even with gNB pre-compensation. 
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: When reference time information is received in both the DLInformationTransfer message and the SIB9, the UE applies the reference time info in the DLInformationTransfer message.
4. References
[bookmark: _Ref85618911][bookmark: _Ref57020694]R2-2108296, Report of email discussion [Post114-e][512][URLLC/IIoT] T-synch open issues (Intel)

5. Annex – RAN1 agreements on RTT-based PDC
Key agreements specific for RTT-based PDC
	
[bookmark: OLE_LINK11]Agreement (Note: Agreements from RAN1#106-e and RAN1#106b-e are merged)
For evaluation of the overall time synchronization error for RTT-based propagation delay compensation,
· Alt.1 for RTT-based PDC
[image: ]



Agreement
For evaluation of the overall time synchronization error for RTT-based propagation delay compensation with Alt.1, it is assumed that 
· [bookmark: OLE_LINK3]The UE Rx-Tx time difference measurement accuracy based on PRS defined in Table 10.1.25.2-2 in TS 38.133 v17.3.0 is taken as the reference for the UE Rx-Tx time difference measurement accuracy 
· The gNB Rx-Tx time difference accuracy based on SRS for positioning defined in Table 13.2.2.2-1 in TS 38.133 v17.3.0 is taken as the reference for the gNB Rx-Tx time difference accuracy based on SRS for PDC 

Agreement
SRS can be used for Rx – Tx time difference estimation at gNB side for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.

Agreement
If RTT-based propagation delay compensation is supported, 
· CSI-RS for tracking (TRS) can be used for Rx – Tx time difference estimation at UE side, if PRS is not configured for the UE.
· PRS can be used for Rx – Tx time difference estimation at UE side, if PRS is configured for the UE.  

Agreement
Support the following configurations for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.  
· At least one CSI-RS for tracking (TRS) configuration for Rx – Tx time difference estimation at UE side if PRS is not configured
· At least one SRS configuration for Rx – Tx time difference estimation at gNB side

Agreement
If RTT-based propagation delay compensation is supported and performed at the UE side, the Rx-Tx measurement report provided from the gNB to the UE should include at least:  
· gNB Rx-Tx time difference at a given granularity
· FFS whether to include SRS-Resource-ID

Agreement
If RTT-based propagation delay compensation is supported and performed at the gNB side, the Rx-Tx measurement report provided from the UE to the gNB should include at least:  
· UE Rx-Tx time difference at a given granularity

Agreement
Send LS to RAN4 to ask for defining the following for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.   
· UE Rx-Tx time difference measurement accuracy errorUE,RxTxDiff based on CSI-RS for tracking
· gNB Rx-Tx time difference absolute accuracy errorUE,RxTxDiff based on SRS

Agreement
For RTT-based PDC, only a single pair of CSI-RS for tracking (TRS)/PRS and SRS configuration, i.e. one CSI-RS for tracking (TRS)/PRS configuration for Rx – Tx time difference estimation at UE side and one SRS configuration for Rx – Tx time difference estimation at gNB side, is configured for PDC in Rel-17, if RTT-based PDC is supported.


Agreement
If RTT-based propagation delay compensation is supported, the Rx-Tx time difference is reported with granularity 2k*Tc, where k is an integer satisfying 0<=k<=5.   
· FFS the value of k
· FFS the reporting range of Rx-Tx time difference measurement for PDC
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