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1 Introduction 
In this contribution, we discuss propagation delay compensation for TSN reference timing delivery.
Following is the WID from the TSN meeting #88e RP-201310 related to propagation delay enhancement in Rel 17 [1]

Following a discussion in RAN2 116e [2], the following was agreed to

Agreements

1. The gNB can enable/disable UE-side PDC via unicast and broadcast RRC signalling.  

2. A new RRC parameter can be introduced to explicitly enable/disable UE-side PDC

3. 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.  The UE will follow dedicated signaling if timing reference is received in both unicast and broadcast

4. The timing synchronization in I-IoT should focus on the signaling between the UE and gNB, i.e. different from Multi-RTT based signalling flow which involving LMF and AMF
There have been important developments in RAN1 107e as well [3], we copy the agreements here:
	Agreement
If RTT-based PDC is supported, a single granularity 32Tc (i.e. k=5) is supported for Rx-Tx measurement report. 
R1-2112476
Feature lead summary#1 on propagation delay compensation enhancements
Moderator (Huawei)

Agreement

For Rel-17 

· Support RTT-based PDC method 

· Support PDC method based on legacy TA-based mechanism
·  No RAN1/RAN4 specification impact expected
R1-2112728
Feature lead summary#3 on propagation delay compensation enhancements
Moderator (Huawei)

Agreement

For RTT-based PDC, existing definitions of UE Rx – Tx time difference (i.e. section 5.1.30 in TS 38.215) and gNB Rx – Tx time difference (i.e. section 5.2.3 in TS 38.215) are reused, with updates at least to reflect the single pair of TRS/PRS and SRS configured for RTT-based PDC.

Agreement

Send an LS to RAN2 and RAN4 with the content including:  
· The agreements made in RAN1#107-e for propagation delay compensation. 

· Ask RAN4 to define the following for RTT-based propagation delay compensation:  

· UE Rx-Tx time difference measurement accuracy based on CSI-RS for tracking
· UE Rx-Tx time difference measurement accuracy based on PRS (including reuse existing spec if appropriate)

· gNB Rx-Tx time difference absolute accuracy[image: image2.png]
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 based on SRS (including reuse existing spec if appropriate)

· Inform RAN4 that enhanced TA-based PDC with reduced Te and enhanced TA command granularity is precluded in RAN1.

LS is endorsed in R1-2112834

Conclusion

For RTT-based PDC, it is assumed that the transmission of DL TRS/PRS, UL SRS and reference time information are associated with a same TRP. 

Note: No RAN1 specification impact is expected for this conclusion
Agreement

For RTT-based propagation delay compensation, the Rx-Tx time difference is reported via RRC signaling.
Conclusion

The reporting range of Rx-Tx time difference measurement for RTT-based PDC is up to RAN4.

R1-2112835
Final feature lead summary on propagation delay compensation enhancements
Moderator (Huawei)




We present our views on how the RAN1 agreements, specifically regarding the supporting RTT method for performing UE-side PDC next.

2 RTT PDC Measurement

2.1 Procedure to Perform High-accuracy RTT UE-side PDC:
Since RAN1 has decided to support RTT for high accuracy PDC required by Rel-17, it now falls to RAN2 to agree on the procedure to perform RTT and required signalling. In Fig.1 we propose a procedure to realize RTT PDC measurement as follows:











Procedure for RTT PDC exchange:

Step 1:  During UE capability transfer, the gNB can learn about UE PDC capabilities, e.g., UE-Rx-TxTimeDiffMeasurements-r16, NR-UL-SRS-Capability and any other needed IEs to inform gNB of its capabilities regarding measurements and SRS signalling. This is standard UE capability transfer that allows the gNB to decide on how to perform the RTT procedure. A new UE capability is needed to indicate UE support of high accuracy PDC. 

Step 2: The serving gNB determines the configuration and resources available for downlink/uplink exchange. DL can use CSI-RS (TRS) or PRS while UL can use SRS. 
Step 3: The serving gNB configures the UE with the measurement procedure. This includes the following:

· 3.1: The gNB configures UL SRS transmissions via (already-available) RRC signalling, e.g., SRS-Config IE in 38.331 clause 6.3.2 [4].

· 3.2: gNB configures DL CSI-RS (or PRS) and informs the UE in order to perform UE-side Rx-Tx measurement of DL CSI-RS. Here, the UE needs to know which CSI-RS configuration is used by the gNB. This information can be conveyed to the UE as PDC RRC configuration information sent from gNB.
Step 4:  DL-UL exchange is performed by having the gNB transmit CSI-RS/PRS and UE transmitting UL-SRS. The UE Rx-Tx time difference is performed by UE according to UE measurements configuration, whereas the gNB Rx-Tx time difference measurement can be performed via gNB implementation.

Step 5: gNB transmits the gNB Tx-Rx time difference measurements to the UE via RRC signalling.  

Step 6: For UE-side PDC, UE can use the measurements obtained from gNB to perform PDC.
Observation 1: RAN1 has agreed to support the RTT method for Rel-17 PDC procedure.

Proposal 1: RAN2 to confirm the procedure in Fig. 1 (Step 1-Step 6) as the UE-side RTT PDC procedure.
2.2 RAN2 Impact:

2.2.1 Downlink Signalling
Following the proposed procedure, we attempt to assess the RAN2 impact that should be prioritized in RAN2 discussions.

First, it is important to agree on the DL signalling that would be used to support RTT PDC. While RAN1 has indicated that RTT can support both TRS and PRS for DL signalling, we propose that RAN2 prioritizes CSI-RS (TRS) in the discussion for two reasons: 1. TRS support is more available across UEs, since not every UE supports PRS. 2. PRS configuration and measurement usually involves some extent of LMF signalling, however, RAN2 has agreed that:

 Thus, it would be easier to apply existing CSI-RS measurements between gNB and UE than PRS.
Proposal 2: RAN2 to prioritize discussing the expected spec. impact from RTT based on the CSI-RS (TRS)-SRS exchange. 
2.2.2 UE Capability

By inspecting Fig. 1, we observe that first, high-accuracy PDC needs to be introduced as a UE capability in Rel-17.

Proposal 3: A new RTT high-accuracy PDC UE capability is introduced. 
The gNB can then use the UE capability information to determine the signalling details and the targeted PDC accuracy at the UE.
2.2.3 Configuration of DL/UL Exchange
In step 3, some RRC configuration at the UE is needed to inform the UE of the CSI-RS TRS/SRS procedure as well as to instruct the UE to perform UE Tx-Rx time difference measurement.

Proposal 4: New RRC signalling is introduced in-order to configure the CSI-RS/SRS exchange and measurement procedure at the UE. This can be included with the agreed signalling to enable UE-side PDC.
2.2.4 Exchanging Measurement Information between gNB and UE

In step 4, a critical measurement exchange occurs between the gNB and UE to share the Tx-Rx time difference measurement. In this case there may be two options:

Option 1: The gNB sends the gNB Tx-Rx time difference measurement to the UE (Fig. 2a).

Option 2: The UE sends the UE Tx-Rx time difference measurement to the gNB (Fig. 2b).

We illustrate both those options in Fig 2:










However, since it is critical to support UE-side PDC (since SIB9 can be broadcast), we note that Option 2 with UE-side PDC incurs a two step UL-DL exchange for the measurements to reach the UE for PDC in Fig. 2b, whereas option 1 as shown Fig. 2a only needs a DL exchange, which means that option 1 has significantly lower overhead, thus, we propose that RAN2 supports this option.

Note that the RAN1 agreement has mandated that Tx-Rx time difference measurements are exchanged via RRC signalling.

	Agreement

For RTT-based propagation delay compensation, the Rx-Tx time difference is reported via RRC signaling.


Observation 2: RAN1 has agreed that for RTT-based propagation delay compensation, the Rx-Tx time difference is reported via RRC signalling.
Proposal 5: gNB Tx-Rx time difference measurement is transmitted from gNB to UE via RRC signalling.
Finally, it may be possible to also transmit gNB Tx-Rx time difference measurements via MAC CE, however, we argue that this is not necessary and comes with some problems such as a security risk for gNB-UE measurements due to the nature of MAC CE, also since RAN1 has explicitly agreed to support measurement exchange only via RRC, we think RAN2 should stay consistent with that agreement.
Proposal 6: Tx-Rx time difference measurement exchange via MAC CE is not supported.
3 TA PDC Measurement
In Rel-16 the PDC procedure was not standardized, but left for UE implementation to perform if needed based on cumulative TA. This was found not to be accurate enough for the required Rel-17 use cases, and it was proposed to enhance the TA measurement to increase the accuracy of PDC based on TA. In RAN1 107e, there were some agreements regarding the possible usage of TA:
	Agreement

For Rel-17 

· Support RTT-based PDC method 

· Support PDC method based on legacy TA-based mechanism
·  No RAN1/RAN4 specification impact expected
Agreement

Send an LS to RAN2 and RAN4 with the content including:  
· The agreements made in RAN1#107-e for propagation delay compensation. 

· Ask RAN4 to define the following for RTT-based propagation delay compensation:  

· UE Rx-Tx time difference measurement accuracy based on CSI-RS for tracking
· UE Rx-Tx time difference measurement accuracy based on PRS (including reuse existing spec if appropriate)

· gNB Rx-Tx time difference absolute accuracy[image: image8.png]
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 based on SRS (including reuse existing spec if appropriate)

· Inform RAN4 that enhanced TA-based PDC with reduced Te and enhanced TA command granularity is precluded in RAN1.


Thus, RAN1 has only agreed to support Legacy TA and precluded enhancing TA to boost accuracy in Rel-17. RAN2 can just follow that and leave the TA PDC to UE implementation without introducing enhancements. 
Observation 3: RAN1 agreed to support legacy TA without adding new enhancements to increase accuracy. 

Proposal 7: TA-based PDC is left to UE implementation and no new enhancements are introduced to legacy Rel-16 TA. 
4 Network side PDC

Finally, some proposals have included a network-side PDC whereby the gNB can estimate and pre-compensate the PD value from the reference signal which now will be necessarily unicast. Towards that end, the agreements in RAN2 in #115e meeting [5] were general:

	Agreement
RAN2 assumes that gNB can perform pre-compensation.  RAN2 agrees to introduce signalling to enable/disable UE-side PDC.  


During the pre-116e email discussion [6], a majority of companies supported to only focus on UE-side PDC. This is intuitive since UE-side PDC can work with both unicast and broadcast timing reference delivery whereas network-side PDC can only work with unicast delivery. Thus, in our view, UE-side PDC must be prioritized since it can work with broadcast SIB9. 
Observation 4: UE-side PDC should be supported since it can work with unicast and broadcast reference timing delivery unlike network-side PDC which can only work with unicast reference timing delivery.
If UE-side PDC compensation is supported, it is unclear the improvement or the benefit that can be brought about by network-side PDC. On the other hand, NW-side introduces quite a few complications over UE-side PDC: It would require defining additional RRC signalling to deliver the UE side measurements to gNB, it would need some work to design in cases where CU and DU are not collocated aside from having RAN3 impact that would need resolving. 

Proposal 8: RAN2 to only focus on UE-side PDC. 

5 Conclusion
Observations and proposals summarized below.
Observation 1: RAN1 has agreed to support the RTT method for Rel-17 PDC procedure.

Proposal 1: RAN2 to confirm the procedure in Fig. 1 (Step 1-Step 6) as the UE-side RTT PDC procedure.
Proposal 2: RAN2 to prioritize discussing the expected spec. impact from RTT based on the CSI-RS (TRS)-SRS exchange. 
Proposal 3: A new RTT high-accuracy PDC UE capability is introduced. 
Proposal 4: New RRC signalling is introduced in-order to configure the CSI-RS/SRS exchange and measurement procedure at the UE. 
Observation 2: RAN1 has agreed that for RTT-based propagation delay compensation, the Rx-Tx time difference is reported via RRC signalling.
Proposal 5: gNB Tx-Rx time difference measurement is transmitted from gNB to UE via RRC signalling.
Proposal 6: Tx-Rx time difference measurement exchange via MAC CE is not supported.
Observation 3: RAN1 agreed to support legacy TA without adding new enhancements to increase accuracy. 

Proposal 7: TA-based PDC is left to implementation and no new enhancements are introduced to legacy Rel-16 TA. 
Observation 4: UE-side PDC should be supported since it can work with unicast and broadcast reference timing delivery unlike network-side PDC which can only work with unicast reference timing delivery.
Proposal 8: RAN2 to only focus on UE-side PDC. 
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Enhancements for support of time synchronization:
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Fig 1. Procedure for RTT PDC





The timing synchronization in I-IoT should focus on the signalling between the UE and gNB, i.e. different from Multi-RTT based signalling flow which involving LMF and AMF
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Fig 2b. Option 2: 2-step UE Tx-Rx exchange





Fig 2a. Option 1: 1-step gNB Tx-Rx exchange









