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1	Introduction
SA2 Rel-17 calls for a new use case for TSN Grandmaster clocks supported within the context of TSN-5GS interworking wherein TSN Grandmaster clocks are located at end stations connected to UE/DS-TTs. This new Rel-17 use case involves two Uu interfaces in the 5GS path (i.e. 5GS ingress to the 5GS egress) over which a TSN Grandmaster clock is relayed. Considering that up to 540ns of uncertainty can be introduced by a single Uu interface when using the legacy Timing Advance method to determine the downlink propagation delay as indicated by [4], supporting a 5GS path that includes two Uu interfaces will be problematic when the maximum allowed uncertainty allowed over the 5GS path is limited to 900ns for the control-to-control scenario. For the Rel-17 URLLC/IIoT WI, RAN1 is directed to investigate possible enhancements in the following area: 
· Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]

Possible enhancements to the legacy Timing Advance method as well as the possible use of an enhanced RTT method to determine the total uncertainty introduced per Uu interface have been discussed in RAN1. In this contribution, we investigate further the accuracy achievable via the TA-based method and the RTT-based method for propagation delay estimation.
[bookmark: _Ref178064866]2	Time Synchronization Error
An example of the two Uu interface use case is illustrated in Figure 1 below, wherein two UEs can be connected to different gNBs, thereby introducing the potential for increased uncertainty compared to the case where each UE is connected to the same gNB.
The 5GS synchronicity budget requirement can be as low as 900ns in what is currently the most demanding TSN – 5GS integration use case and represents the portion of the end-to-end synchronicity budget applicable between the ingress and egress of the 5G system (see Figure 1). The per Uu interface synchronization error represents a portion of the end-to-end synchronicity budget and consists of the uncertainty introduced when (a) sending the 5G reference time from gNB antenna to the UE antenna by including ReferenceTimeInfo in either a DLInformationTransfer RRC message or SIB9 and then (b) adjusting the 5G reference time to reflect the downlink propagation delay. 
[image: ]
Figure 1: TSN E2E Timing delivery case 2 – ingress at UE
In RAN1#102e, it was agreed that both control-to-control and smart-grid use cases are used as representative cases for study, where: 
· One Uu interface is assumed for smart grid. 
· Two Uu interfaces are assumed for control-to-control.
A first approach is to pursue a single set of Rel-17 PDC (propagation delay compensation) enhancements that can be adopted for supporting both use cases above. Following this approach RAN1 only needs to come up with a single PDC method that satisfies the most stringent Rel-17 use case requirements, where the same method can be applied to support all other use cases as well. 
A second approach is to use the legacy TA-based method in support of use cases having a less demanding PDC uncertainty requirement and supplement it with a new method for supporting use cases having the most demanding PDC uncertainty requirements. 
Either way, it is necessary to adopt a method for Rel-17 that is capable of satisfying the most demanding time synchronization requirement of TSN use cases. 
The range of uncertainty for a single Uu interface shown in Table 1 below was agreed at 3GPP TSG-RAN WG2 #113-e. Thus, RAN1 should specify a method that can satisfy the requirement for the control-to-control use case (i.e., 900ns 5GS uncertainty budget with two Uu interfaces).
Table 1. Time synchronization error budget for single Uu interface
	Scenario
	Single Uu interface Budget

	Control-to-Control
	±145ns to ±275ns

	Smart Grid
	±795ns to ±845ns



[bookmark: _Toc61914532][bookmark: _Toc68639876][bookmark: _Toc87016938]Adopt a PDC method for Rel-17 that satisfies the single Uu interface budget of ±145ns to ±275ns. 

2.1	Time synchronization error if using the TA-based propagation delay estimation
For the TA-based method, the formula of Alt 1 for TA-based method was agreed in RAN1#106bis and shown below:
	· Alt. 1 (TA-based): 

 

(1)
Here the RAN4 input is taken into account:    Te




The error components of the formula are discussed below.

(a) : The uncertainty due to the value of the 5G reference time indicated by the gNB as being applicable to the end of SFNx not reflecting the actual 5G reference time value when the end of SFNx occurs at the gNB Antenna Reference Point (ARP). The value  = ±65ns, per agreement at RAN WG1#103e.
(b) :  The uncertainty associated with UE downlink frame timing detection. As a worst case, a UE synchronizes to the DL using Sync Signal Block (SSB) received within the last 160 ms, where SSB contains information identifying specific DL frame and slot numbering. As described in [13] and [14], the minimum DL frame timing detection error (without any margin) is inverse of the DL BW of the signals used for timing estimation. When using SSB as DL signal for timing estimation, the minimum error is calculated in Table 2 below.
[bookmark: _Ref82100318]Table 2. DL frame timing detection error at UE, based on SSB detection
	#PRB of PBCH (=240 subcarrier)
	SCS (kHz)
	PBCH BW (MHz) = 240 * SCS
	Min Timing Error (sec) = 0.5 / (PBCH BW)

	20
	15
	3.6
	0.139 us = 4.27 Ts = 273 Tc

	20
	30
	7.2
	0.069 us = 2.13 Ts = 137 Tc

	20
	60
	14.4
	0.035 us = 1.07 Ts = 69 Tc

	20
	120
	28.8
	0.017 us = 0.53 Ts = 34 Tc



Thus, for estimation purpose, the following can be assumed for PD estimation:
·  = ±139ns and ±69ns for 15 kHz and 30 kHz DL SCS, respectively.;
It should be emphasized that the values in Table 2 are only theoretically possible minimum timing detection error, and very optimistic. For example, while the UE performance in AWGN channel may be close to these values, the timing detection error caused by multipath channel is not taken into account, even though the error by multipath likely dominates.  Thus, the values in Table 2 provide a reference value for RAN1 estimation, with the understanding that actual values, if they are to be specified, are up to RAN4 discussion.

(c) Te: The error when a UE performs transmission of UL frames after acquiring the first detected path of the corresponding downlink frame and applying the most recently received TA information. According to the Te values tabulated in TS 38.133, the following values are considered.
· Te = ±12*64*Tc = 768*Tc = ±391ns (assuming 15kHz SCS for SSB signals, 15kHz SCS for uplink signals)
· Te = ±8*64*Tc = 512*Tc = ±260ns (assuming 30kHz SCS for SSB signals, 30kHz SCS for uplink signals)

(d) : The uncertainty with which a gNB acquires UL frame timing based on UL reference signal like SRS. According to agreement from RAN1#102e, the following value is assumed:
· = ±100ns (per agreement at RAN WG1#102e)
(e) :  The uncertainty due to timing advance (TA) command granularity. Maximum value of this uncertainty is half of TA command granularity in the existing NR specification where µ represents the SCS of the DL cell:
· = ±8*64*Tc/2µ = 512*Tc = ±260ns (µ = 0 for 15 kHz SCS)
· = ±8*64*Tc/2µ = 256*Tc = ±130ns (µ = 1 for 30 kHz SCS)


Overall, for the TA-based propagation delay compensation method, the total time synchronization error of a single Uu interface is summarized in Table 3 for SCS of 15 kHz and 30 kHz, respectively.
[bookmark: _Ref82096284]Table 3. Error components and total time synchronization error (based on Alt 1) for the TA-based propagation delay compensation method.
	Error components
	Value (ns) for SCS = 15 kHz
	Value (ns) SCS = 30 kHz

	
	±65 ns
	±65 ns

	
	±139 ns
	±69 ns

	
	±768*Tc =  ±391 ns
	±512*Tc =  ±260 ns

	
	±100 ns
	±100 ns

	
	±512*Tc = 260 ns
	±256*Tc = 130 ns

	Total error: 
	± 612 ns
	± 412 ns


*In the above, time unit  (sec).

Analysis [12] shows that it is not possible to reduce error components   and  to satisfy the single Uu interface error budget   in the range of (±145ns, ±275ns) for the control-to-control TSN scenario. Thus we have the following observations:

[bookmark: _Toc87016931][bookmark: _Toc54381042]With the existing Te and TA command granularity values, for both SCS = 15 kHz and 30 kHz, the TA-based method cannot satisfy the Uu interface time synchronization accuracy for the control-to-control scenario.
[bookmark: _Toc87016932]For SCS = 15 kHz, with the TA-based method, it is not possible to reduce Te and TA command granularity values to satisfy the Uu interface time synchronization accuracy for the control-to-control scenario.
[bookmark: _Toc87016933]For SCS = 30 kHz, with the TA-based method, at a minimum, the summation of Te and TA command granularity values need to reduce to approximately ¼ of existing value in order to satisfy the Uu interface time synchronization accuracy for the control-to-control scenario.

Based on the analysis and observations above, we propose:
[bookmark: _Toc61914533][bookmark: _Toc68639877][bookmark: _Toc87016939]RAN1 does not adopt the TA-based method for propagation delay compensation for the control-to-control scenario. 


2.2	Time synchronization error if using the RTT-based propagation delay estimation
For the RTT-based method, the formula of Alt 1 for RTT-based method was agreed in RAN1#106bis and shown below:
	· Alt. 1 (RTT-based): 
[image: ]
(2)



The error components of the formula are discussed below.

(a) : 	±65ns, the same as that of TA-based method, and according to agreement at RAN WG1#103e.
(b) : 	Similar to the method shown in Table 2, the minimum timing detection error at UE can be estimated. DL RS bandwidth used by the RTT-based propagation compensation should be used, instead of PBCH bandwidth. If assuming PRS is used as DL RS, PRB bandwidth of 24 PRB can be used, thus: minimum timing detection error = 0.5/(DL RS BW) = 0.5/(24*12*SCS). This gives = ±116 ns and ±58 ns assuming 15 kHz SCS and 30 kHz SCS for DL RS;
Note that 24 PRB is the minimum PRB bandwidth in 38.133 V17.3.0, Table 10.1.25.2-2. It is noted that the PRS bandwidth can be as large as 272 PRBs. In general, the larger the bandwidth of the DL reference signal used for timing detection, the smaller the DL timing detection error.
If TRS is used instead of PRS, value of  may be different. In general, the gNB has the flexibility to configure the TRS bandwidth such that it is adequate for achieving the desired time synchronization accuracy target. 
(c) :  The gNB Rx-Tx time difference absolute accuracy has been finalized in TS 38.133 v17.3.0, where the measurement accuracy is given for various combinations of SRS Ês/Iot and SRS bandwidth.  Using the largest error values for SCS = 15 kHz and 30 kHz,  = ±123*Tc and ±42*Tc, respectively.
(d) : While the UE Rx-Tx time difference measurement accuracy is not yet finalized, the tentative values in TS 38.133 V17.3.0 are adequate for RAN1 estimation. Using the largest error values for SCS = 15 kHz and 30 kHz in TS 38.133 v17.3.0 Table 10.1.25.2-2 for FR1 in fading, = ±137*Tc and ±87*Tc, respectively.
(e) :  In 38.133, report mapping tables are provided for gNB Rx-Tx time difference where the granularity ranges from 1*Tc to 32*Tc. Thus it is assumed that the largest and second largest granularity of 32*Tc and 16*Tc are used for SCS = 15 kHz and 30 kHz, respectively. Using half of the granularity as indication error, then 16*Tc and 8*Tc are used for SCS = 15 kHz and 30 kHz, respectively.

Overall, the total time sync error for the RTT-based propagation delay compensation method is summarized in Table 4 for SCS of 15 kHz and 30 kHz, respectively. The calculation shows, tor both SCS = 15 kHz and 30 kHz, RTT-based propagation delay estimation can satisfy the Uu interface time synchronization error budget of ±145ns to ±275ns for control-to-control use case.
[bookmark: _Ref82096289]It is noted that, the estimation in Table 4 is conservative. For example,  is estimated using the smallest PRS bandwidth, and the worst accuracy values are taken for both  and . These error components can be reduced significantly if the gNB configures larger bandwidth for the reference signals used for measurements, i.e., SRS on the uplink, PRS or TRS on the downlink.  Thus, RTT-based method has the potential to achieve even tighter synchronization requirements for the control-to-control use case. Thus, RTT-based method is good for future evolution of timing synchronization on the Uu interface.
Table 4. Error components and total time synchronization error (based on Alt 1) for the RTT-based propagation delay compensation method.
	Error components
	Value (ns) for SCS = 15 kHz
	Value (ns) SCS = 30 kHz

	
	±65 ns
	±65 ns

	
	±116 ns
	±58 ns

	
	±123*Tc =  ±63 ns
	±42*Tc =  ±21 ns

	
	±137*Tc =  ±70 ns
	±87*Tc =  ±44 ns

	
	±16*Tc =  ±8 ns
	±8*Tc =  ±4 ns

	Total error: 
	± 251 ns
	± 158 ns


*In the above, time unit  (sec).


[bookmark: _Toc61914528][bookmark: _Toc87016934]For both SCS = 15 kHz and 30 kHz, RTT-based propagation delay estimation can satisfy the Uu interface time synchronization error budget of ±145ns to ±275ns for control-to-control use case. 

The actual accuracy of the RTT-based method is adjustable since the DL RS (PRS or TRS) bandwidth and UL RS (i.e., SRS) bandwidth are configurable by gNB. Other parameters are also configurable, for example, the time-domain repetitions can be configured to achieve adequate SINR level. Thus, with the knowledge of the time synchronization requirement (which can be obtained from the core network, for example), the gNB can configure the reference signals properly to achieve the 900ns time synchronization accuracy target in Rel-17. When necessary, the gNB also has the flexibility to configure the reference signals to satisfy even more stringent requirement in the future.
[bookmark: _Toc87016935]For RTT-based propagation delay estimation the gNB can configure DL RS (PRS or TRS) and UL SRS parameters (e.g., bandwidth) according to the desired Uu synchronization accuracy target. 

Based on the discussion above, we propose the following
[bookmark: _Toc54381258][bookmark: _Toc61914534][bookmark: _Toc68639879][bookmark: _Toc87016940]RAN1 adopts an RTT-based procedure for determining propagation delay compensation in support of the most demanding PDC accuracy requirements in Rel-17.

3	Design Details of RTT-based Method
3.1	Detection of Reference Time
The reference time information (referenceTimeInfo) is provided by gNB via RRC message, where the reference time providing the time at the ending boundary of a system frame, see the quoted text in the Appendix. If referenceTimeInfo field is received in DLInformationTransfer message, referenceSFN field indicates the SFN of PCell. Hence the detection of the reference time depends on SSB detection in the PCell, since SSB provides SFN information. 
According to 38.211, PSS, SSS and PBCH within an SS/PBCH block are QCL, while different SS/PBCH blocks cannot be assumed QCL. Thus, different SSB in the SSB burst can be transmitted from different TRP. For data communication purpose, it is only required that DL signal from different TRPs arrive at the UE within a CP for coherent detection. However, CP duration is 4.69 µs and 2.34 µs for SCS = 15 kHz and 30 kHz, respectively, see Table 5. Compared with the Uu interface time synchronization accuracy requirement (hundreds of nanoseconds), CP duration is an order of magnitude too large. This means that the timing at different TRPs cannot be assumed to be synchronized to satisfy the tight clock synchronization needs shown in Table 1. The µs -level time difference detected by SSB at different TRP can overwhelm the propagation delay estimation accuracy.
[bookmark: _Toc87016936]Reference time information reception and propagation delay compensation should be performed with reference to a single, identified, transmission point in the PCell.
[bookmark: _Toc87016937]For any UE, propagation delay should be measured from the TRP that the reference time (referenceTimeInfo) is associated with, regardless of the spatial configuration for data communication.

At physical layer specifications, TRP is not explicitly described. Instead, the TRP is indirectly identified via the SSB index(es) associated with the TRP. Consequently, it is necessary to clarify which SSB(s) the UE should use to detect SFN, so that gNB and UE know which TRP provides the reference time at the desired SFN boundary. 
[bookmark: _Toc87016941]Clarify the TRP that referenceTimeInfo is associated with via its SSB index(es).

Additionally, to ensure that the measured propagation delay is for the radio path from the same TRP (e.g., TRP1) used for reference time detection, the DL RS (TRS or PRS) for time synchronization should be QCL-ed with the SSB(s) of the same TRP (e.g., TRP1). Similarly, the SRS should also have the spatial relationship to the same TRP (e.g., TRP1). This is illustrated in Figure 2. Given that the reference time (Tref) is the time at TRP1, both UEa and UEb should measure their propagation delay, Tp,a and Tp,b, from TRP1, so that the clock time at UEa and UEb can be correctly estimated as Tref + Tp,a and Tref + Tp,b, respectively.  In contrast, if this is not clearly defined, then UEb may mistakenly measure propagation delay from TRP2, while Tref is the time at TRP1. Here TRP2 refers to the node that UEb uses for data communication.

[bookmark: _Toc87016942]Define spatial property of DL RS (TRS or PRS) and SRS to measure the propagation delay from the TRP that referenceTimeInfo is associated with.

[image: ]
[bookmark: _Ref86938871]Figure 2: A UE measures propagation delay from the TRP that the reference time Tref is associated with, regardless of TRP(s) related configuration for data communication.  
Table 5. CP duration for different SCS
	SCS
	15 kHz
	30 kHz

	OFDM symbol, duration
	66.67 µs 
	33.33 µs

	Cyclic prefix Samples
	288
	288

	Cyclic prefix duration
	4.69 µs
	2.34 µs 



3.2	TRS configuration
TRS is CSI-RS for tracking. Currently TRS can be periodic or aperiodic, where the configuration of aperiodic TRS depends on that of periodic TRS. Aperiodic TRS and periodic TRS resource have the same bandwidth (with same RB location) and the aperiodic TRS being configured with qcl-Type set to 'typeA' and 'typeD', where applicable, with the periodic CSI-RS resources. 
For time synchronization purpose, it is beneficial to also support semi-persistent TRS. This allows the gNB to trigger periodic TRS transmission when the TSN UE needs to perform propagation delay compensation, and disable it with DCI when the UE has finished updating the clock time. In terms of bandwidth (RB location) and qcl-Type, the semi-persistent TRS can share the same as periodic and aperiodic TRS. 

[bookmark: _Toc87016943]Introduce semi-persistent TRS for propagation delay compensation.
3.3	PRS configuration
Currently, for positioning purpose, the configuration parameters of PRS are sent from LMF. When used for time synchronization purpose, PRS configuration should be introduced in RRC signalling, so that the parameters are sent from the gNB to the UE. Only configuration for serving cell PRS is needed, and those of neighbor cells are not needed. Furthermore, the critical parameters are those for sequence generation and time-frequency resources are needed. These parameters include (see TS 38.211):
· For pseudo random sequence generation: dl-PRS-SequenceID;
· For mapping to physical resources: dl-PRSResourceSymbolOffset, dl-PRS-NumSymbols, dl-PRS-CombSizeN, dl-PRSCombSizeN-AndReOffset,  dl-PRS-ResourceBandwidth, dl-PRS-StartPRB, dl-PRS-PointA;
· For mapping to slots in a downlink PRS resource set: dl-PRS-Periodicity-and-
· ResourceSetSlotOffset, dl-PRSResourceSlotOffset, dl-PRSResourceRepetitionFactor, dl-PRS-ResourceTimeGap;
· For defining the quasi co-location information of the DL PRS resource with other reference signals: dl-PRS-QCL-Info;
Regarding PRS muting, this is for coordinating a UE’s PRS reception from different cells, including non-serving cells. Thus, muting related parameters (e.g., dl-PRS-MutingOption1, dl-PRS-MutingOption2) are not needed for propagation delay compensation with the serving cell.
For QCL (Quasi Co-Location) information of PRS, the reference signal can be:
· SS/PBCH block, where the SSB index(es) is associated with the TRP of referenceTimeInfo;
· TRS

In summary, an IE should be introduced to provide basic RRC parameters for configuring PRS within the PCell.

[bookmark: _Toc87016944]Introduce RRC parameters for configuring PRS within the PCell.
[bookmark: _Toc87016945]The IE for PRS configuration include parameters for sequence generation, mapping to physical resources, mapping to slots in a downlink PRS resource set, and quasi co-location information.

3.4	SRS configuration
For positioning purposes, SRS configuration is according to higher layer parameter SRS-PosResource. For time synchronization purpose, a separate SRS configuration is needed to provide SRS configuration, for example, SRS-SyncResource. 
If the higher layer parameter spatialRelationInfoPos is configured, the corresponding reference signal (RS) information can be those used for time synchronization:
· SS/PBCH block, where the SSB index(es) is associated with the TRP of referenceTimeInfo;
· TRS 
· PRS

[bookmark: _Toc87016946]Introduce RRC IE for configuration SRS for time synchronization purpose.

3.5	Measurements quantity and reference point 
For the RTT-based method, the relevant measurement quantities are:
(a) UE Rx – Tx time difference
(b) gNB Rx – Tx time difference
Depending on the entity that performs the propagation delay compensation, either (a) or (b) is reported. For example, if UE is the entity that performs the compensation, then gNB measures Rx – Tx time difference and sends the measurement to the UE.
Both (a) and (b) have been carefully defined in 38.215 for the purpose of positioning, see below. For the time synchronization purpose, the definitions can be reused as is, except that the reference signals should be updated to include those for time synchronization also. Specifically, the yellow highlight sentence for UE Rx – Tx time difference need to be updated to include TRS, and the yellow highlight sentence for gNB Rx – Tx time difference need to be updated to include SRS for propagation delay compensation.
In terms of the reference point for measurements, the existing definition should be used, e.g., Rx antenna connector, Tx antenna connector. The reference point cannot be baseband. For example, in the latest RAN4 discussion of reference point for Te, it was agreed to include ‘antenna’ in the Te definition (see R4-2115371). 
[bookmark: _Toc87016947]Existing definitions of UE Rx – Tx time difference and gNB Rx – Tx time difference are reused with updates to the DL RS and UL RS description.


TS 38.215 V16.4.0:
	Definition
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

Where:
TUE-RX is the UE received timing of downlink subframe #i from a Transmission Point (TP) [18], defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP.

Multiple DL PRS resources can be used to determine the start of one subframe of the first arrival path of the TP.

For frequency range 1, the reference point for TUE-RX measurement shall be the Rx antenna connector of the UE and the reference point for TUE-TX measurement shall be the Tx antenna connector of the UE. For frequency range 2, the reference point for TUE‑RX measurement shall be the Rx antenna of the UE and the reference point for TUE‑TX measurement shall be the Tx antenna of the UE.

	Applicable for
	RRC_CONNECTED




	Definition
	The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX

Where:
TgNB-RX is the Transmission and Reception Point (TRP) [18]  received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time.
TgNB-TX is the TRP transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE.

Multiple SRS resources for positioning can be used to determine the start of one subframe containing SRS.

The reference point for TgNB-RX shall be:
-	for type 1-C base station TS 38.104 [9]: the Rx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna),
-	for type 1-H base station TS 38.104 [9]: the Rx Transceiver Array Boundary connector.
The reference point for TgNB-TX shall be:
-	for type 1-C base station TS 38.104 [9]: the Tx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Tx antenna (i.e. the centre location of the radiating region of the Tx antenna),
-	for type 1-H base station TS 38.104 [9]: the Tx Transceiver Array Boundary connector.




Conclusion
In the previous sections we discussed the problem and potential solutions related to clock synchronization. The following observations are made: 

Observation 1	With the existing Te and TA command granularity values, for both SCS = 15 kHz and 30 kHz, the TA-based method cannot satisfy the Uu interface time synchronization accuracy for the control-to-control scenario.
Observation 2	For SCS = 15 kHz, with the TA-based method, it is not possible to reduce Te and TA command granularity values to satisfy the Uu interface time synchronization accuracy for the control-to-control scenario.
Observation 3	For SCS = 30 kHz, with the TA-based method, at a minimum, the summation of Te and TA command granularity values need to reduce to approximately ¼ of existing value in order to satisfy the Uu interface time synchronization accuracy for the control-to-control scenario.
Observation 4	For both SCS = 15 kHz and 30 kHz, RTT-based propagation delay estimation can satisfy the Uu interface time synchronization error budget of ±145ns to ±275ns for control-to-control use case.
Observation 5	For RTT-based propagation delay estimation the gNB can configure DL RS (PRS or TRS) and UL SRS parameters (e.g., bandwidth) according to the desired Uu synchronization accuracy target.
Observation 6	Reference time information reception and propagation delay compensation should be performed with reference to a single, identified, transmission point in the PCell.
Observation 7	For any UE, propagation delay should be measured from the TRP that the reference time (referenceTimeInfo) is associated with, regardless of the spatial configuration for data communication.

And the following proposals are made:
Proposal 1	Adopt a PDC method for Rel-17 that satisfies the single Uu interface budget of ±145ns to ±275ns.
Proposal 2	RAN1 does not adopt the TA-based method for propagation delay compensation for the control-to-control scenario.
Proposal 3	RAN1 adopts an RTT-based procedure for determining propagation delay compensation in support of the most demanding PDC accuracy requirements in Rel-17.
Proposal 4	Clarify the TRP that referenceTimeInfo is associated with via its SSB index(es).
Proposal 5	Define spatial property of DL RS (TRS or PRS) and SRS to measure the propagation delay from the TRP that referenceTimeInfo is associated with.
Proposal 6	Introduce semi-persistent TRS for propagation delay compensation.
Proposal 7	Introduce RRC parameters for configuring PRS within the PCell.
Proposal 8	The IE for PRS configuration include parameters for sequence generation, mapping to physical resources, mapping to slots in a downlink PRS resource set, and quasi co-location information.
Proposal 9	Introduce RRC IE for configuration SRS for time synchronization purpose.
Proposal 10	Existing definitions of UE Rx – Tx time difference and gNB Rx – Tx time difference are reused with updates to the DL RS and UL RS description.
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Appendix A. Information Elements in TS 38.331
DLInformationTransfer message
DLInformationTransfer-v1610-IEs ::= SEQUENCE {
    referenceTimeInfo-r16               ReferenceTimeInfo-r16               OPTIONAL,   -- Need R
    nonCriticalExtension                SEQUENCE {}                         OPTIONAL
}

SIB9 information element
-- ASN1START
-- TAG-SIB9-START

SIB9 ::=                            SEQUENCE {
    timeInfo                  SEQUENCE {
        timeInfoUTC             INTEGER (0..549755813887),
        dayLightSavingTime      BIT STRING (SIZE (2))                   OPTIONAL,   -- Need R
        leapSeconds             INTEGER (-127..128)                     OPTIONAL,   -- Need R
        localTimeOffset         INTEGER (-63..64)                       OPTIONAL    -- Need R
    }                                                                   OPTIONAL,   -- Need R
    lateNonCriticalExtension    OCTET STRING                            OPTIONAL,
    ...,
    [[
    referenceTimeInfo-r16      ReferenceTimeInfo-r16                    OPTIONAL    -- Need R
    ]]
}

-- TAG-SIB9-STOP
-- ASN1STOP

ReferenceTimeInfo information element
-- ASN1START
-- TAG-REFERENCETIMEINFO-START

ReferenceTimeInfo-r16 ::= SEQUENCE {
    time-r16                            ReferenceTime-r16,
    uncertainty-r16                     INTEGER (0..32767)          OPTIONAL,   -- Need S
    timeInfoType-r16                    ENUMERATED {localClock}     OPTIONAL,   -- Need S
    referenceSFN-r16                    INTEGER (0..1023)           OPTIONAL    -- Cond RefTime
}

ReferenceTime-r16 ::=           SEQUENCE {
    refDays-r16                         INTEGER (0..72999),
    refSeconds-r16                      INTEGER (0..86399),
    refMilliSeconds-r16                 INTEGER (0..999),
    refTenNanoSeconds-r16               INTEGER (0..99999)
}

-- TAG-REFERENCETIMEINFO-STOP
-- ASN1STOP

	ReferenceTimeInfo field descriptions

	[bookmark: _Hlk87016614]referenceSFN
This field indicates the reference SFN corresponding to the reference time information. If referenceTimeInfo field is received in DLInformationTransfer message, this field indicates the SFN of PCell.

	time
This field indicates time reference with 10ns granularity. The indicated time is referenced at the network, i.e., without compensating for RF propagation delay. The indicated time in 10ns unit from the origin is refDays*86400*1000*100000 + refSeconds*1000*100000 + refMilliSeconds*100000 + refTenNanoSeconds. The refDays field specifies the sequential number of days (with day count starting at 0) from the origin of the time field.
If the referenceTimeInfo field is received in DLInformationTransfer message, the time field indicates the time at the ending boundary of the system frame indicated by referenceSFN. The UE considers this frame (indicated by referenceSFN) to be the frame which is nearest to the frame where the message is received (which can be either in the past or in the future).
If the referenceTimeInfo field is received in SIB9, the time field indicates the time at the SFN boundary at or immediately after the ending boundary of the SI-window in which SIB9 is transmitted.
If referenceTimeInfo field is received in SIB9, this field is excluded when determining changes in system information, i.e. changes of time should neither result in system information change notifications nor in a modification of valueTag in SIB1.

	timeInfoType
If timeInfoType is not included, the time indicates the GPS time and the origin of the time field is 00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time). If timeInfoType is set to localClock, the origin of the time is unspecified.

	uncertainty
This field indicates the uncertainty of the reference time information provided by the time field. The uncertainty is 25ns multiplied by this field. If this field is absent, the uncertainty is unspecified.



Appendix B. Relevant Values from TS 38.133
38.133 V17.3.0, Table 10.1.25.2-2: UE Rx-Tx time difference measurement accuracy in FR1 in fading
	Accuracy
	Conditions

	
	PRS Ês/Iot
	Minimum PRS bandwidth
	
PRS SCS
	PRS resource repetition Note 3
	NR operating band groupsNote 2
	IoNote 4 range

	
	
	
	
	
	
	Minimum
IoNote 1
	Maximum
Io

	TcNote 5
	dB
	RB
	
kHz
	
	
	dBm / SCSPRS
	dBm/BW

	± [137+]
	-3
	≥[24]
	
15
	≥[4]
	NR_FDD_FR1_A, NR_TDD_FR1_A,
NR_SDL_FR1_A
	-121
	-50

	
	
	
	
	
	NR_FDD_FR1_B
	-120.5
	

	
	
	
	
	
	NR_TDD_FR1_C
	-120
	

	
	
	
	
	
	NR_FDD_FR1_D, NR_TDD_FR1_D
	-119.5
	

	
	
	
	
	
	NR_FDD_FR1_E, NR_TDD_FR1_E
	-119
	

	
	
	
	
	
	NR_FDD_FR1_F
	-118.5
	

	
	
	
	
	
	NR_FDD_FR1_G
	-118
	

	
	
	
	
	
	NR_FDD_FR1_H
	-117.5
	

	± [96+]
	
	≥[52]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [62+]
	
	>[104]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [87+]
	
	≥[24]
	30
	≥[4]
	NR_FDD_FR1_A, NR_TDD_FR1_A,
NR_SDL_FR1_A
	-118
	-50

	
	
	
	
	
	NR_FDD_FR1_B
	-117.5
	

	
	
	
	
	
	NR_TDD_FR1_C
	-117
	

	
	
	
	
	
	NR_FDD_FR1_D, NR_TDD_FR1_D
	-116.5
	

	
	
	
	
	
	NR_FDD_FR1_E, NR_TDD_FR1_E
	-116
	

	
	
	
	
	
	NR_FDD_FR1_F
	-115.5
	

	
	
	
	
	
	NR_FDD_FR1_G
	-115
	

	
	
	
	
	
	NR_FDD_FR1_H
	-114.5
	

	± [68+]
	
	≥[48]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [44+]
	
	≥[132]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [59+]
	
	≥[24]
	60
	≥[4]
	NR_FDD_FR1_A, NR_TDD_FR1_A,
NR_SDL_FR1_A
	-115
	-50

	
	
	
	
	
	NR_FDD_FR1_B
	-114.5
	

	
	
	
	
	
	NR_TDD_FR1_C
	-114
	

	
	
	
	
	
	NR_FDD_FR1_D, NR_TDD_FR1_D
	-113.5
	

	
	
	
	
	
	NR_FDD_FR1_E, NR_TDD_FR1_E
	-113
	

	
	
	
	
	
	NR_FDD_FR1_F
	-113.5
	

	
	
	
	
	
	NR_FDD_FR1_G
	-113
	

	
	
	
	
	
	NR_FDD_FR1_H
	-111.5
	

	± [42+]
	
	≥ [64]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [36+]
	
	≥ [132]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [180+]
	
-13
	≥[24]
	
15
	≥[4]
	NOTE 6
	NOTE 6
	NOTE 6

	± [98+]
	
	≥[52]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [68+]
	
	>[104]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [87+]
	
	≥[24]
	30
	≥[4]
	NOTE 6
	NOTE 6
	NOTE 6

	± [85+]
	
	≥[48]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [44+]
	
	≥[132]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [139+]
	
	≥[24]
	60
	≥[4]
	NOTE 6
	NOTE 6
	NOTE 6

	± [46+]
	
	≥ [64]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	± [30+]
	
	≥ [132]
	
	≥[1]
	NOTE 6
	NOTE 6
	NOTE 6

	NOTE 1:	This minimum Io condition is expressed as the average Io per RE over all REs in an OFDM symbol.
NOTE 2:	NR operating band groups are as defined in Section 3.5.
NOTE 3:	 are configured by higher layer parameter dl-PRS-ResourceRepetitionFactor, dl-PRS-NumSymbols and  dl-PRS-CombSizeNdefined in TS 37.355 [34].
NOTE 4:	The Io is defined in PRS slots. The same Io range applies to PRS and non-PRS symbols. Io levels are different in PRS and non-PRS symbols within the same slot.
NOTE 5:	Tc is the basic timing unit defined in TS 38.211 [6].
NOTE 6:	The same bands and the same Io conditions for each band apply for this requirement as for the corresponding requirement with the PRS bandwidth of the smallest RB number for the corresponding SCS.



38.133 V17.3.0, Table 13.2.2.2-1: gNB Rx-Tx time difference absolute accuracy in FR1 for gNB type 1-C, 1-H and 1-O
	Accuracy
	[bookmark: _Hlk83766125]SRS Ês/Iot
	SCS
	SRS bandwidth range

	Unit: Tc
	Unit: dB
	Unit: kHz
	Unit: RB

	123
	≥ -13
	15
	 44 ≤ BW ≤ 84

	48
	
	
	 88 ≤ BW ≤ 168

	17
	
	
	176 ≤ BW

	122
	≥ +3
	
	24 ≤ BW ≤ 40

	62
	
	
	 44 ≤ BW ≤ 84

	32
	
	
	 88 ≤ BW ≤ 168

	16
	
	
	176 ≤ BW

	42
	≥ -13
	30
	 48 ≤ BW ≤ 84

	24
	
	
	 88 ≤ BW ≤ 168

	8
	
	
	176 ≤ BW

	32
	≥ +3
	
	 48 ≤ BW ≤ 84

	17
	
	
	 88 ≤ BW ≤ 168

	9
	
	
	176 ≤ BW

	21
	≥ -13
	60
	 48 ≤ BW ≤ 84

	12
	
	
	 88 ≤ BW 

	16
	≥ +3
	
	 48 ≤ BW ≤ 84

	9
	
	
	 88 ≤ BW 
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