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1 Introduction 
In this contribution, we discuss propagation delay compensation for TSN reference timing delivery assessing the different possible options. 
2 TSN Use Cases in Rel 17
2.1 Support for propagation delay compensation in Rel-17
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Fig. 1: Procedure for Propagation delay measurement




Following is the WID from the TSN meeting #86 RP-193233 related to propagation delay enhancement in Rel 17 [1]
RAN1 discussions have identified two Rel17 use cases for further study:

	User-specific clock synchronicity accuracy level 
	Number of devices in one Communication group for clock synchronisation
	5GS synchronicity budget requirement 

(note)
	Service area 
	Scenario

	2
	Up to 300 UEs
	≤900 ns          
	≤ 1000 m x 100 m
	· Control-to-control communication for industrial controller

	4
	Up to 100 UEs
	<1  µs
	< 20 km2
	· Smart Grid: synchronicity between PMUs


Furthermore, RAN2 111e discussions have characterized three scenarios based on the above use cases to study [2]:

 We will show below that the new use cases necessitate standardizing effective Propagation Delay Compensation solution to be able to maintain the synchronity budget across different scenarios.

2.2 Synchronization Budget breakdown
In RAN2 111e [2], it has been proposed to breakdown the synchronization budget into three components as shown in Fig.1 
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It has been suggested to breakdown the E2E synchronization budget into three components:

While the specific numbers are still being discussed in RAN2 and RAN1, we present some approximate numbers to advance the discussion and demonstrate the need for PDC in Rel 17.
2.2.1 Network Error

The RAN3 LS in R3-187252 [3] has been used as the guideline in quantifying the network error. There have been different interpretations for RAN3 guidelines, however, we can approximate the network error as follows:

Scenario 1: accuracy budget range between ±160ns and ±200ns.

Scenario 2: Double the budget of Scenario 2.

Scenario 3: ±100ns as network time synchronization accuracy budget.

2.2.2 Device Error

A good estimate for the device error portion of the budget is ±50ns -±100ns.

2.2.3 RAN Error

The RAN portion of the budget is currently being studied by RAN1. The analysis from RAN2 should provide the total allowed RAN budget to RAN1. However, we can state from RAN1 discussions that the RAN error can be further broken down to:

1. EBS-DL (BS Timing Error): The error in BS transmission timing due to possible misalignment between TRPs.

2. EUE-DL (UE detection timing error): The error in UE detection timing.

3. Propagation delay related error, which can be either:

a. PDL: Propagation delay (in case PDC is not performed), or
b. EDL (Propagation Delay Compensation error): The error in measuring and applying compensation to the Timing reference signal (in case PDC is performed)
We conclude this section by presenting approximate numbers for the total allowed RAN error accuracy budget:

Scenario 1: Uu budget = 900ns – Device – Network scenario1 = 900ns- [50;100] ns-([160;200] ns+5ns) = [595;685]ns

Scenario 2: Uu budget = (900ns – 2xDevice – 2xNetwork scenario2)/2 = (900-2*[50;100]-2*([160;200]ns+5ns)) = 0,5*(900-[430;610]) = [145; 235]ns
Scenario 3: Uu budget = 1000ns – Device – Network scenario3 = 1000ns- [50;100] ns-(100ns+5ns) = [795;845] ns
Observation 1: The Uu budget in the system determines the need for PDC in different scenarios. 

Proposal 1: RAN2 should use the Uu budget along with RAN1 input to identify the maximum ISD for which PDC is not needed. 

However, it looks from the rough approximations above, that for Scenario 2 for example, high accuracy PDC will always be needed to satisfy the very tight budget requirements even for small ISDs. 

Proposal 2: RAN2 should quantify the required accuracy for the PDC procedure for each scenario.
3 Propagation Delay Measurement and Compensation

3.1 Possible options for Propagation Delay Measurement and Compensation

There are ongoing discussions on the possible options for Propagation Delay Measurement and Compensation. RAN1 has agreed to the following options [4]:

There have been similar efforts in RAN2 to state the different options as follows [2]:
	The follows are the main approaches need to be re-evaluated and down-selected in R17:

-
Option 1a: Leave this up to UE implementation and do not specify any enhancements.

-
Option 1b: Leave this up to UE implementation but specify finer granularity of TA command to assist the UE calculation.

-
Option 2a: Specify in the specifications propagation delay compensation based on TA command (no TA granularity enhancements).

-
Option 2b: Specify in the specifications propagation delay compensation based on TA command and enhance TA granularity.

-
Option 3: Perform pre-compensation on the network side (up to network implementation) and add the indication in the network to UE signalling that the time information was pre-compensated.

- Option 4: reuse some aspects of the positioning framework timing difference measurements for propagation delay compensation


One drawback in how the above options are stated is that the measurement and compensation problems are unnecessarily coupled. The compensation problem is largely a signaling problem that can be addressed by RAN2, while the measurement problem concerns performance and waveform aspects that are best addressed in RAN1. We think it is a more natural approach to study measurement and compensation separately with priority given to measurement. Once the measurement method has been agreed to RAN2 can make an informed decision about the possible options for compensation. 

Proposal 3: RAN2 should separate the propagation delay measurement and compensation problems with priority given to propagation delay measurement. 

A natural starting point is to start from RAN1 options for propagation delay measurement. However, referring to option 1c in the RAN1 options as a “Timing Advance” option is a bit confusing, since it does not seem that this procedure relates to TA procedure. Furthermore, the details of option 1c are not clear with respect to how the measurement, signalling and/or compensation is done. We thus propose that RAN2 withhold assessment for option 1c until more details are provided by RAN1. 

Proposal 4: RAN2 should wait for RAN1 to provide more details on option 1c before assessing this option.

3.2 Option 1: TA-based Propagation Delay Compensation

A candidate method for propagation delay compensation is the Timing Advance (TA) command applied to compensate for propagation time delay in the uplink and align the UE and gNB frames. However, there is inherent inaccuracy in the TA method caused by:

· The Granularity of the TA command. This is equal to [image: image2.wmf]m
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. For SCS of 30khz, this is equal to 260.4ns. Option 1a suggests reducing this error by increasing granularity of TA.
· Error or offset caused by the implementation details of TA at the gNB. Since the implementation of TA is not specified, but rather left to the gNB, the gNB might adopt a specific implementation that does not attempt to perfectly align the received UL and the transmitted DL. For example, gNB might attempt to achieve a different arrival time of the uplink waveform at the frame boundary (in particular on FDD).
· The requirement of Timing Advance UE implementation is coarser than the accuracy required by TSN synchronization. There is no guarantee that the UE implementation would have the needed resolution to maintain the required accuracy. Option 1b suggests mitigating this error by updating RAN4 requirements on TA adjustment error and Te.
· Time-tracking is complex and implementation-specific, often affected by some other performance considerations such as Cyclic-Prefix alignment and minimizing emissions. Thus, attempting to increase synchronization accuracy by tweaking time tracking would require balancing those other considerations which will complicate the process, if not make it infeasible.
· The TA procedure is a fundamental procedure for the operation of the air interface, and this procedure has been stable since Rel-15. Modifying the TA feature in Rel-17 will cause unnecessary repeats of the basic test case development and interoperability for this feature.

Due to the many sources of inaccuracy, it is clear that legacy Rel 16 TA (option 1a) is not accurate enough for the use cases specially Scenario 2. 

Observation 2: Legacy Rel 16 Timing Advance is not suitable for propagation delay compensation due to insufficient granularity and other inaccuracies which may be induced by gNB and UE implementations.

Based on this, TA must increase granularity (option 1a) and/or decrease UE implementation error (option 1b) to satisfy the constraint. Noting that the gNB implementational error is still not handled and may cause the total error to still violate the constraint after the required modifications are implemented. Furthermore, applying option 1a and option 1b would have the following significant effects:
1. Option 1a with increased granularity would require the gNB to support legacy TA and TA with increased granularity simultaneously, tying the TA to the UE capability which is a big change to the legacy stable TA system.

2. Option 1b would require significant RAN1, RAN2 and RAN4 efforts to redesign the TA procedure to satisfy the required synchronization accuracy.

We conclude that implementing these options would introduce large changes to the legacy TA which is a stable system not designed for the PDC purpose.
Proposal 5: RAN2 should not rely on a PDC solution that introduces changes to the legacy TA.
3.3 Option 2: Reusing the RTT capabilities from positioning framework
In this option, gNB aids the UE in performing propagation delay compensation by measuring and informing the UE of the propagation delay currently experienced (or measurements to aid the UE in calculating the propagation delay). Such measurements are already present in Rel-16 for NR positioning.
Observation 3: Propagation Delay measurements are already defined in Rel-16 in the positioning context.
We propose utilizing the existing techniques defined in NR/LTE for measuring propagation delay for the purposes of high-accuracy positioning to perform propagation delay compensation at the UE.

Proposal 6: RAN2 should further study option 2 as a candidate for Propagation Delay Measurement.
Note that we do not propose reusing the whole positioning architecture such as positioning servers, LMF, multi-cell RTT etc., as that would be unnecessarily complex for the IIoT setting. Rather, we propose the adoption of the techniques used in positioning to measure propagation delay to the serving cell. 

Proposal 7: Option 2 should only adopt the positioning techniques/procedures used to estimate propagation delay rather than duplicating the positioning architecture.

Below, we explain the basic idea and the support of propagation delay measurements in NR/LTE positioning framework. We do not specify the physical signals as this can be further clarified by RAN1. However, one option is to do a PRS-SRS exchange as explained below.
3.3.1 Procedure for Measuring Propagation Delay
The existing positioning methods in NR and LTE perform propagation delay measurements to determine the distance between the UE and the gNB of the serving cell (or multiple cells including the serving cell). Specifically, we use the measurement procedure from NR RTT [5] and LTE E-CID [6] methods to accurately measure propagation delay. For LTE E-CID [6,7]. 
The main procedure is shown in Fig. 2. The idea is the exchanging an uplink and downlink frame between the UE and gNB, respectively. Both the UE and gNB record the transmission and reception time, then use those four-time recordings to estimate the RTT. The procedure in detail is explained as follows:

[image: image4]
a) UE transmits an uplink frame i and records the transmission time as t1.
b) gNB receives uplink frame i and records the time of arrival as t3.
c) gNB transmits a downlink frame j to the UE, and records transmission time as t2.
e) UE receives downlink frame j and records the time of arrival t4.
d) The following calculations are performed at the UE and gNB, respectively: 

i) UE Rx-Tx diff= t4- t1

ii) gNB Rx-Tx diff= t3- t2. This quantity can be positive or negative depending on the whether gNB transmits the DL frame before or after receiving the UL frame.   
e) Propagation delay can be calculated as follows: RTT= (gNB Rx – Tx time difference) + (UE Rx – Tx time difference)
Using the procedure above the RTT information can be made available at the UE and/or gNB by combining (gNB Rx – Tx time difference) and (UE Rx – Tx time difference). Note that RTT is twice the propagation delay value under the assumption of symmetry between the UL and DL, which has been agreed to in RAN1 [4].

3.3.2 Signalling propagation delay information between gNB and UE
Having described how the gNB and UE can perform measurements to estimate the timing difference between the UE and gNB receiving and transmitting time, it remains to specify how this information should be exchanged to obtain the propagation delay measurement at the UE. RAN2 should study how the propagation delay information can be signalled between the gNB and the UE to aid the UE with the procedure of propagation delay compensation. 
Observation 4: gNB can signal propagation delay measurements to the UE if UE-based compensation is performed.
According to our proposal, gNB has the gNB Rx-Tx timing difference values. gNB can then determine when and how these measurements can be signalled the UE to obtain the propagation delay measurement.
Proposal 8: RAN2 should discuss how to signal the propagation delay measurements to the UE for option 2. 

Note that the signalling is performed between the UE and the serving cell gNB only for the purposes of propagation delay compensation. The UE is not required to perform measurements or exchange information with any other cell gNB such as the case of Multi-RTT measurements. 

There are two possibilities to how the signalling between UE and gNB occurs in order to successfully obtain RTT information at the UE for delay compensation.

3.3.3 Two-Step Exchange
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Fig .   3 :  Two   Step Exchange  


The two-step exchange procedure is shown in Fig. 3. This approach is used in Rel-16 for positioning. In this configuration, the propagation delay information at the UE is attained in two steps:

· UE signals the UE Rx-Tx value to the gNB. gNB can calculate the RTT/propagation delay value by adding the value of time differences. 

· gNB signals the propagation delay value to be used for compensation directly to the UE.
3.3.4 One-Step Exchange
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Fig .   2 :  One   Step Exchange  


The one step exchange is shown in Fig. 4. After performing the measurement explained in section 3.2.1, the gNB can directly signal the value gNB Rx-Tx to the UE. The UE can then directly calculate the RTT or propagation delay value by adding the time differences. 

4 Conclusion

Proposals and observations from above discussion are copied below.

Observation 1: The Uu budget in the system determines the need for PDC in different scenarios. 

Proposal 1: RAN2 should use the Uu budget along with RAN1 input to identify the maximum ISD for which PDC is not needed. 

Proposal 2: RAN2 should quantify the required accuracy for the PDC procedure for each scenario.
Proposal 3: RAN2 should separate the propagation delay measurement and compensation problems with priority given to propagation delay measurement. 

Proposal 4: RAN2 should wait for RAN1 to provide more details on option 1c before assessing this option.

Observation 2: Legacy Rel 16 Timing Advance is not suitable for propagation delay compensation due to insufficient granularity and other inaccuracies which may be induced by gNB and UE implementations.

Proposal 5: RAN2 should not rely on a PDC solution that introduces changes to the legacy TA.

Observation 3: Propagation Delay measurements are already defined in Rel-16 in the positioning context.

Proposal 6: RAN2 should further study option 2 as a candidate for Propagation Delay Measurement.

Proposal 7: Option 2 should only adopt the positioning techniques/procedures used to estimate propagation delay rather than duplicating the positioning architecture.

Observation 4: gNB can signal propagation delay measurements to the UE if UE-based compensation is performed.

Proposal 8: RAN2 should discuss how to signal the propagation delay measurements to the UE for option 2. 
5 References

[1] RP-193233 3GPP TSG RAN Meeting #86
[2] E-mail discussion: [Post111-e][924][R17 URLLC/IIoT] Propagation delay for TSN (Nokia)

[3] R3-187252, Reply LS on TSN requirements evaluation, RAN3 #102, Spokane, USA, Nov. 2018.
[4] R1-2007068 Summary#1 of of email discussion [102-e-NR-IIOT_URLLC_enh-05]
[5] 3GPP TS 38.305 V16.0.0 “Stage 2 functional specification of User Equipment (UE) positioning in NG-RAN”
[6] 3GPP TS 36.305 V16.1.0 “Stage 2 functional specification of User Equipment (UE) positioning in E-UTRAN”
[7] 3GPP TS 36.214 V16.1.0 “Technical Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer; Measurements
Enhancements for support of time synchronization:


RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]


Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]








Scenario 1: In the control-to-control communication use case, where TSC devices behind a target UE are synchronized to any TD, from a GM behind the CN. The 5GS introduced error is caused by the relative time-stamping inaccuracy at the NW-TT and the DS-TTs.


Scenario 2: In the control-to-control communication use case, where TSC devices behind a target UE are synchronized to any TD, from a GM behind the UE. The 5GS introduced error is caused by the relative time-stamping inaccuracies at the involved DS-TTs.


Scenario 3: In the smart grid use case, where the TSC devices behind a target UE are synchronized to the 5G GM TD. The 5GS introduced error is caused by the synchronization of the 5G clock to the DS-TT. 








Fig 1. High level breakdown of 5GS E2E path 





RAN / Uu interface – Account for the time synchronization errors introduced by the Uu interface i.e. between the UE and the gNB. This includes the aspects of antenna alignment errors, ReferenceTimeInfo delivery, SFN estimation including the impact on propagation delay (PD) compensation. Here we also include errors introduced by the gNB architecture splits (e.g. use of gNB-CU and gNB-DU).


Network – Accounts for the time synchronization errors caused between the GM and the gNB. When the 5G GM source is shared between the UPF and the gNB, the synchronization error involved in this, should also be accounted for here. In case of split architecture, the gNB is a gNB-CU.


Device – Accounts for the time synchronization errors introduced by the device implementation for maintaining the 5G clock at the DS-TT and potentially also the device output interface to the TSC devices connected to the device.








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).





Fig 2. Procedure for Propagation Delay Measurement 





Fig 4. One-step exchange









