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1 Introduction 
During the RAN 91 plenary meeting the followings progress have been reported for RAN2 IIOT clock synchronization item [1]. 
	Assumptions:

-
There is no UE clock drift issue to be addressed

-
The source and target gNB are tightly synchronized to the same master clock within the budget and there is no need to optimize anything for HO.  

Agreements

-
gPTP message interruption during mobility is not considered in the Rel-17 IIoT WI (i.e. no further specification impact are considered)

-   RAN2 to confirm which PDC option to choose is up-to RAN1 to decide   


	Remaining open issues:

· Support of enhancement (if any) for propagation delay compensation, including the PDC mechanism to be adopted.

· Whether MAC can prioritize initial transmission over re-transmission on a CG resource, when both LCH based prioritization and CG re-transmission timer are configured.

· Support of RAN enhancement for new QoS parameter such as survival time, including monitoring of survival time state and methods to avoid intolerable consecutive message transmission failure, and conclude whether burst spread and burst ending time is beneficial from RAN2 perspective.

· Stage-2/Stage-3 specification changes for the above where applicable.




1.1 RAN1 options
The following options for propagation delay compensation are studied in RAN1 ([2]):

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).
1.2 The base line

RAN1 has defined the base line system as being conform to the release 16 specifications. Release 16 defines how the reference time is communicated from the gNB to the UE with reference to a system frame number. The propagation delay compensation is not specified and is left for the implementation.
For the evaluation of the base line system RAN1 has considered that Timing Advance as specified in the release 16 is used to compensate the propagation delay.

The evaluation is still on going and it seems that there will be a consensus that the base line system will support the power grid scenario and will not support the control to control scenario.
Enhancement may be necessary to support the control to control scenario. This paper discuss the various TA signaling enhancement in function of each RAN1 option.
2 TA based propagation delay

2.1 Option 1a Enhanced TA granularity
Option 1a explores the possibility to enhance the TA indication granularity.
Changing the encoding of the transported TA command is one way to reduce the error caused by the TA indication granularity.

Another way is to perform the path delay compensation by the gNB, this way the TA command is not transported prior to its usage for path delay compensation and TA indication error is null.

Proposal 1: Integrate the propagation delay in the reference time value provided by the gNB for updating the time counter at the user equipment.

The gNB must have a valid TA value to be used for pre-compensation when sending the reference time to the UE. A valid TA value is obtained after a random access by the UE and subsequent uplink transmissions by the UE.

In case the gNB does not have a valid TA value at the time of the pre-compensation it is necessary to specify a dedicated signaling that will allow the gNB to send path delay information correction after the reference time have been sent.
Proposal 2: Upon detection of an SFN event, the gNB can use a new signaling to send a correction of the propagation delay to the UE 
2.2 Option 1b Enhanced Te
Option 1b is the same as option 1a with addition of Te (UE uplink transmit error) enhancement.
The base station regularly monitors the propagation delay of the uplink frames, as it knows the times of the sending of the uplink frames and their estimated times of arrival given a first estimated propagation delay (already shared with the UE). The base station then compares the expected time of arrival with the effective time of arrival, in order to detect a significant increase in the propagation delay compared to the first estimated one.

When a significant increase is identified, the base station sends a TA command to the user equipment in order to provide updated parameters. 

.

The gNB is responsible for keeping the uplink synchronization through TA update triggering. Uplink synchronization have different requirements than those needed for time synchronization purpose.
Proposal 3: A predetermined threshold may be used to determine whether or not a subsequent TA command should be sent in order to compensate an increase of the propagation delay.
2.3 Option 1c Dedicated signaling
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)

The uplink time alignment is monitored at the UE by using several counters that are reset when receiving a new TA command from the gNB. But this does not prevent the gNB to resend an old TA value just for the sake of keeping the UE in RRC_CONNECTED state.

Moreover, it is more resource efficient to send the TA information right on schedule rather than send it at a higher frequency.

The legacy TA mechanism have been specified to trigger the measurement by the gNB upon certain UE actions like the Random Access Preamble.

Proposal 4: Define a dedicated method to measure the propagation delay allowing to trigger the measurement close to the reference SFN.

3 Conclusion

Proposal 1: Integrate the propagation delay in the reference time value provided by the gNB for updating the time counter at the user equipment.

Proposal 2: Upon detection of an SFN event, the gNB can use a new signaling to send a correction of the propagation delay to the UE 
Proposal 3: A predetermined threshold may be used to determine whether or not a subsequent TA command should be sent in order to compensate an increase of the propagation delay.
Proposal 4: Define a dedicated method to measure the propagation delay allowing to trigger the measurement close to the reference SFN.
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