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1 Introduction 
In this contribution, we discuss propagation delay compensation for TSN reference timing delivery.
[image: image12.png]erT 0Ty NE RXTxDIff



Following is the WID from the TSN meeting #88e RP-201310 related to propagation delay enhancement in Rel 17 [1]

During RAN2 115e, the following was agreed to

Agreements

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.  

4. UE Assistance information from the UE which could for example be used by gNB to activate PDC is not supported

5. Implicit activation of UE-side PDC when a pre-configured threshold is met is not supported

6. UE-based trigger for TA update or RACH procedure for PDC are deprioritized for Release 17

We aim to evaluate the progress in RAN1 as well as assessing the work that would be required of RAN2, once RAN1 decides on the PDC method(s) supported.
2 RTT Method
2.1 RAN1 agreements regarding RTT measurements:

RAN1 has agreed to focus on CSI-RS TRS (and to a lesser extent, PRS) for DL and SRS for UL following the following RAN1 #106e agreements [3]
2.2 RAN2 Impact

From RAN2 point of view, if any of those RTT methods are supported, RAN2 would need to specify the signalling details in order to configure and activate the measurement procedure, as well as the protocol level exchange of measurements in-order to perform UE-side and/or gNB-side PDC. Since the RTT methods are likely to be very accurate due to using high BW signals and the issues with enhancing TA (next section), we prefer RAN2 prioritize assessing the impact of RTT methods.
Observation 1: RTT methods based on CSI-RS TRS/PRS DL, SRS UL exchange are promising methods to implement high accuracy RTT needed for Rel-17 synchronization. 

Proposal 1: RAN2 to prioritize discussing the RAN2 impact in terms of signalling and protocol level measurements exchange that is needed to support RTT-based PDC along with RAN1 and RAN4 ongoing work. 
3 Enhanced TA procedure
Both RAN1 and RAN2 have agreed that the Rel-16 baseline TA procedure for PDC compensation would not be sufficiently accurate for the Rel-17 synchronization error requirements. Thus, a few proposals have discussed enhancing TA to be better suited to PDC by, for example, allowing for a MAC CE TA indication with higher granularity.  Specifically, RAN1 has asked RAN4 the following in a recent LS [4]

3.1 Issues with Enhanced TA Procedure 

Enhancing TA by increasing granularity or reducing Te would have some adverse effects such as:

1. TA with increased MAC CE 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. Furthermore, a gNB would need to support UEs with legacy TA granularity and UEs with enhanced TA granularity simultaneously, which is an unnecessary new burden for the gNB requiring the maintenance of separate TA implementations. 

2. 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.

3. 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.

4. TA does not attempt to align UL and DL frames perfectly, any value within half the CP is fine and the exact choice comes down to gNB implementation, so it is not guaranteed even with enhancements that TA would satisfy the required synchronization accuracy.
We conclude that implementing this option would introduce large changes to the legacy TA which is a stable system not designed for the PDC purpose. Even if a TA based PDC is adopted, this should be kept separate from the legacy TA procedure and UL timing requirements. 

Observation 2: Any changes to the legacy TA procedure will unnecessarily require new testing of this procedure for the UE and gNB.

Proposal 2: RAN2 should not introduce a PDC solution which changes the legacy TA procedure used for timing alignment of uplink.

Proposal 3: If RAN1 decided to support enhanced TA, RAN2 should ensure that this would only be applicable to PDC and not affect existing UL timing requirements. 

4 Conclusion
Observations and proposals summarized below.
Observation 1: RTT methods based on CSI-RS TRS/PRS DL, SRS UL exchange are promising methods to implement high accuracy RTT needed for Rel-17 synchronization. 

Proposal 1: RAN2 to prioritize discussing the RAN2 impact in terms of signalling and protocol level measurements exchange that is needed to support RTT-based PDC along with RAN1 and RAN4 ongoing work. 
Observation 2: Any changes to the legacy TA procedure will unnecessarily require new testing of this procedure for the UE and gNB.

Proposal 2: RAN2 should not introduce a PDC solution which changes the legacy TA procedure used for timing alignment of uplink.

Proposal 3: If RAN1 decided to support enhanced TA, RAN2 should ensure that this would only applicable to PDC and not affect existing UL timing requirements. 
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6 Annex

6.1 RAN1 Agreements in RAN1 #106e

R1-2108384
Feature lead summary#2 on propagation delay compensation enhancements
Moderator (Huawei)
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

Send LS to RAN4 to ask for feedback on the following questions:

· Question 1: Is it feasible to support a smaller value than the current Te for the use of propagation delay compensation, assuming the existing conditions in TS 38.133 for Te requirement? If not, is it feasible under new conditions (e.g. using TRS instead of SSB)? If the answer is yes, please also provide feedback on how much it can be reduced at most.  

· Question 2: Is it feasible to introduce enhanced TA command indication granularity? If the answer is yes, please also provide feedback on how much it can be reduced at most (e.g. reduced to (1/16)* (16*64*Tc/2()) similar as the granularity for Rel-16 IAB based on the Timing Delta MAC CE and related condition.

· Note 1: The alternatives in the working assumption achieved in RAN1#104bis-e together with the examples in Table 4.2-2 will be included in the LS to give some background for RAN4 

· Note 2: The agreement “both SCS 15 kHz and 30 kHz are assumed for both control-to-control and smart grid for evaluation of the time synchronization” achieved in RAN1#102-e will be included in the LS for RAN4 information also. 

· Note 3: Inform RAN4 that the enhancements on Te and TA command indication granularity for propagation delay compensation may or may not have impact on normal TA related procedure, depending on which candidate option for TA-based PDC is adopted. Note that this is just for RAN4 information. 

· Note 4: Whether RAN1 will introduce specification enhancements is still undetermined.

LS is endorsed in R1-2108635.

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
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
R1-2108513
Feature lead summary on propagation delay compensation enhancements
Moderator (Huawei)

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

Take the following two alternatives as the equation for evaluation of the overall time synchronization error for RTT-based propagation delay compensation. RAN1 to select one of the alternatives in RAN1#106bis-e.

· Alt. 1: 
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 is to reflect the error due to indication granularity of Rx-Tx time difference
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 reflects the measurement inaccuracy of gNB Rx-Tx time difference, and the measurement inaccuracy of UE Rx-Tx time difference, respectively. 
· Note: The equation may be updated after clarification on the gNB TX-RX timing difference and UE TX-RX timing difference
· Alt. 2: 
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 is to reflect the error due to indication granularity of Rx-Tx time difference

· Note: Alt.2 assumes that gNB can coordinate the time of TA procedure and the time of PD compensation, so that the DL frame timing error and BS transmit timing error for propagation delay estimation is correlated to (e.g. the same as) that for the transmission of RRC signaling carrying the reference time clock

Note: FFS whether / how to handle inconsistent RTT measurement in gNB and UE due a change of uplink TX timing

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]








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


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� QUOTE � �� errorUE,RxTxDiff based on SRS





R1-2108513	Feature lead summary on propagation delay compensation enhancements	Moderator (Huawei)





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





Send LS to RAN4 to ask for feedback on the following questions:


Question 1: Is it feasible to support a smaller value than the current Te for the use of propagation delay compensation, assuming the existing conditions in TS 38.133 for Te requirement? If not, is it feasible under new conditions (e.g. using TRS instead of SSB)? If the answer is yes, please also provide feedback on how much it can be reduced at most.  


Question 2: Is it feasible to introduce enhanced TA command indication granularity? If the answer is yes, please also provide feedback on how much it can be reduced at most (e.g. reduced to (1/16)* (16*64*Tc/2()) similar as the granularity for Rel-16 IAB based on the Timing Delta MAC CE and related condition.


Note 1: The alternatives in the working assumption achieved in RAN1#104bis-e together with the examples in Table 4.2-2 will be included in the LS to give some background for RAN4 


Note 2: The agreement “both SCS 15 kHz and 30 kHz are assumed for both control-to-control and smart grid for evaluation of the time synchronization” achieved in RAN1#102-e will be included in the LS for RAN4 information also. 


Note 3: Inform RAN4 that the enhancements on Te and TA command indication granularity for propagation delay compensation may or may not have impact on normal TA related procedure, depending on which candidate option for TA-based PDC is adopted. Note that this is just for RAN4 information. 


Note 4: Whether RAN1 will introduce specification enhancements is still undetermined.












