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1 Introduction

To support more accurate time synchronization, RAN2 agrees to specify the PDC method and leaves RAN1 to decide between TA-based PDC and RTT-based PDC. Per the agreement achieved in RAN1#106bis-e, both the RTT-based PDC and the legacy TA-based PDC method are supported. Thus, RAN2 needs to follow up on this agreement and complete the related procedure work. 

In this contribution, we focus on the remaining issues on the time synchronization enhancement.
2 Discussion

2.1 The support of RTT-based PDC
So far, it is unclear whether compensation is performed at the UE or the gNB side for the RTT-based PDC method.
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.  

Although RAN2 agrees to wait for RAN1’s guidance on the choice of UE-side and NW-side RTT-based PDC, the current RAN1 agreements do not preclude either one. 

In our understanding, UE-side PDC should be supported anyway, since different UEs in one cell may have different propagation delays or the gNB-UE distances. In the case that referenceTimeInfo is delivered by SIB9, the network can't implement the propagation delay compensation for each specific UE. 

Similarly, the triggering of the PDC method is under certain conditions, e.g. the gNB-UE distance is so small that the error caused by the one-way delay is even smaller than the error caused by the PDC itself. Thus, it benefits to enable UE-side RTT-based PDC upon the reception of the enabling signalling from the network side. 
Proposal 1 RAN2 agrees to support UE-side PDC for the RTT-based PDC method. The network uses an RRC signaling to enable/disable UE-side PDC, which is common to RTT-based and TA-based PDC methods. 
In RAN1#106bis-e, the preliminary agreements on the measurement framework for the RTT-based PDC method are achieved. 
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:  

o    UE Rx-Tx time difference measurement accuracy based on CSI-RS for tracking

o 
UE Rx-Tx time difference measurement accuracy based on PRS (including reuse existing spec if appropriate)

o
gNB Rx-Tx time difference absolute accuracy 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.

Agreement
For RTT-based propagation delay compensation, the Rx-Tx time difference is reported via RRC signaling.
In RAN2#116e, RAN2 agrees that only the AS nodes are involved for the RTT-based PDC method.
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

Combined the above agreements, one implementation on the procedure of UE-side RTT-based PDC is the following,

1) Step 1: The gNB configures the TRS/PRS and SRS configurations for RTT-based PDC.

2) Step 2: The UE performs the RS transmission and measurement.

3) Step 3: When UE-side PDC is enabled and the gNB Rx – Tx time difference is received via RRC signalling, the UE calculates the PD value by using the gNB Rx – Tx time difference received from the network and the UE Rx – Tx time difference measured by itself.

4) Step 4: The UE compensates for the propagation delay to referenceTimeInfo by using the calculated PD value to implement the accurate time synchronization.
Proposal 2 If UE-side RTT-based PDC is enabled, the network sends the gNB Rx-Tx time difference to the UE, which is used by the UE to calculate the PD value.

From our point of view, it is unnecessary to support NW-side RTT-based PDC, considering 1) It can not cover all cases, e.g. different UEs in one cell have different gNB-UE distances, 2) More discussion and effort are needed to support NW-side PDC, including e.g. how/when to trigger the UE Rx – Tx time difference report, 3) The NW-based pre-compensation relies on the gNB implementation, which somehow can not ensure the synchronization accuracy.
2.2 The usage of the NW enabling signaling
As mentioned, RAN1 agrees to support both the legacy TA-based and the RTT-based PDC. 

Agreement 

For Rel-17 

-
Support RTT-based PDC method 

-
Support PDC method based on legacy TA-based mechanism

o
 No RAN1/RAN4 specification impact expected
And, the enabling/disabling of UE-side PDC is controlled by the gNB.
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
In the case of the UE-side PDC enabling, one open issue is which PDC method is to select. One solution is to explicitly indicate the enabled objective, i.e. the network explicitly indicates to use the TA-based PDC or the RTT-based PDC. It works in some cases or with some restrictions. For example, in the case that the enabling indication is delivered via SIB, it implies that a whole cell can apply only one kind of PDC method. Obviously, it restricts the UE’s flexibility and does not take the UE’s capabilities into account. Moreover, it can not suit the case where one gNB serves multiple TSN nodes with different time synchronization requirements simultaneously. 
In our understanding, if the gNB wants RTT-based PDC, it will configure the UE with the related parameters, e.g. TRS/PRS and SRS configurations. On the contrary, the network will not indicate that parameters. Thus, one simple resolution is that the UE applies RTT-based PDC once it receives the configurations needed for RTT-based PDC, otherwise, the UE applies the TA-based PDC.

Proposal 3 For UE-side PDC, in the case that the parameters that are needed by RTT-based PDC are configured, the UE can apply RTT-based PDC. Otherwise, the UE applies the legacy TA-based PDC.

As we agreed, the enabling/disabling indication can be delivered via unicast and broadcast RRC signalling. Also, referenceTimeInfo can be delivered via SIB 9 and DLInformationTransfer. Typically, we can follow the rule that the broadcast indication applies to the broadcast time info, and the unicast indication applies to the unicast time info. For example, one UE performs the UE-side PDC if it receives the reference time information via SIB9 and receives the enabling indication via broadcast signalling, and another UE does not perform the UE-side PDC if it receives the reference time information via DLInformationTransfer and receives the disabling indication via unicast signalling. Another case is that the reference time information and the enabling/disabling indication are sent via broadcast and unicast RRC signalling respectively. This case may happen when the network does not perform the pre-compensation but the gNB-UE distance for a specific UE is so big enough. If that is the case, we suggest to apply the unicast enabling/disabling indication to the broadcast time info. 

Proposal 4 RAN confirms that the broadcast enabling/disabling indication applies to the broadcast reference time info, and the unicast enabling/disabling indication applies to the unicast and broadcast reference time info.
If Proposal 4 is agreed, one follow-up issue is what to do for the case that the unicast and broadcast enabling/disabling indications provide an opposite message. It is possible that a network enables UE-side PDC for all UEs belonging to itself via broadcast signalling and further disables UE-side PDC for a specific UE via unicast signalling. Such specific UE should follow the unicast signalling and does not perform the propagation delay compensation.
Proposal 5 For UE-side PDC, if the unicast enabling/disabling signaling applies to the broadcast reference time info and if the UE receives the enabling/disabling signaling via both unicast and broadcast RRC, the UE will follow the unicast enabling/disabling signaling.

2.3 UE capability
The PDC method is applied to implement accurate time synchronization for the TSN messages. It means that the PDC method is only needed to be enabled when the connected UE is going to transmit TSN packets. In addition, the usage of the PDC method should be optional. Obviously, we need to consider the new UE capability of the support of the PDC method. 

Two steps involve in a PDC procedure, one is the PD estimation and another is the PD compensation. Considering RAN1 is the expert of the PD estimation, more discussions including the corresponding UE capability should be in RAN1, RAN2 can consider a new UE feature on the propagation delay compensation.
Proposal 6 Introduce a new UE feature to report whether the UE supports the propagation delay compensation. Meanwhile, it depends on RAN1 to decide whether any UE capability is needed on the propagation delay estimation. 
3 Conclusion

Based on the discussion above, we propose the following:

Proposal 1
RAN2 agrees to support UE-side PDC for the RTT-based PDC method. The network uses an RRC signaling to enable/disable UE-side PDC, which is common to RTT-based and TA-based PDC methods.
Proposal 2
If UE-side RTT-based PDC is enabled, the network sends the gNB Rx-Tx time difference to the UE, which is used by the UE to calculate the PD value.
Proposal 3
For UE-side PDC, in the case that the parameters that are needed by RTT-based PDC are configured, the UE can apply RTT-based PDC. Otherwise, the UE applies the legacy TA-based PDC.
Proposal 4
RAN confirms that the broadcast enabling/disabling indication applies to the broadcast reference time info, and the unicast enabling/disabling indication applies to the unicast and broadcast reference time info.
Proposal 5
For UE-side PDC, if the unicast enabling/disabling signaling applies to the broadcast reference time info and if the UE receives the enabling/disabling signaling via both unicast and broadcast RRC, the UE will follow the unicast enabling/disabling signaling.
Proposal 6
Introduce a new UE feature to report whether the UE supports the propagation delay compensation. Meanwhile, it depends on RAN1 to decide whether any UE capability is needed on the propagation delay estimation.
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