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1 Introduction
In the previous RAN2 meeting, regarding the compensating for RF propagation delay, although there were hot discussions on this took place, no consensus had been achieved yet. And the following bullets are the assumption of RAN2 and left FFS, with respect to the compensating for propagation delay:
	· RAN2 105bis

· R2 assumes that some propagation delay compensation may be needed for distance > 200m. 

· FFS what would be the method, e.g. based on current TA, and whether this can be left for UE implementation or something need to be specified.
· RAN2 108 (Assumption)  
· The following is FFS :

· R2 assume that UE may perform propagation delay compensation. 

· We don’t specify how the UE perform propagation delay compensation.

· For unicast and broadcast, the network can indicate to the UE to not do delay compensation.


Hence, in this contribution, we would like to provide our investigation on how to achieve RAN2’s conclusion on some propagation delay compensation.
2 Discussion
The questions from RAN2 on propagation delay compensation for reference time information to RAN1 in [1] as follows:
RAN1 discussed the following requests from RAN2:

Then in the RAN1 reply LS [2], the answer1 from RAN1 is listed as follow:
	Answer to Q1: Timing Advance based methods were used to obtain propagation delay compensation for the time synchronization accuracy analysis captured in Sec. 6.3.2.4. of TR 38.825. The evaluations assumed that the timing advance value is used by the gNB to align the reception timing of UEs’ UL transmission with the DL timing at the gNB.


Then in the RAN1 reply LS [2], the answer2 from RAN1 is listed as follow:
	Answer to Q2: 
· RAN1 further discussed when the propagation delay needs to be compensated as the studies captured in TR 38.825 had been performed with and without propagation delay compensation. RAN1 continues discussing when and how to apply propagation delay compensation including TDD operation aspects.
· RAN1 discussed the need to define time synchronization accuracy requirements of the Uu interface (i.e. the maximum amount of uncertainty introduced when delivering a 5G system clock using RRC unicast or a SIB based method between gNB and UE as studied by RAN1 during the IIoT SI phase) and believes, that it is useful to define requirements and related UE test cases for the overall time synchronization accuracy of the Uu interface (and not just the propagation delay compensation). 
It is the RAN1 understanding that for such requirements and/or the testing the existing NR physical layer specifications (incl. 38.215) cannot provide support for such requirements / testing. Moreover, the feasibility of defining related test cases for the UE overall is not clear to RAN1, which would need further clarification from RAN4 and RAN5.


Then in the RAN1 reply LS [3], the answer1 from RAN1 is listed as follow:
	Answer to Q1: 
· RAN1 would like to inform about the following RAN1 conclusions: 

· The propagation delay between gNB and UE is assumed to be approximately half of the indicated timing advance (i.e. NTA×Tc/2, and not to include NTA_offset) for both TDD and FDD.  

· RAN1 discussed when and how to apply propagation delay compensation without a conclusion in RAN1 in Rel-16. 

· RAN1 is not intending to capture any time/clock synchronization related aspects in the physical layer (i.e. 38.200 series) specifications, as no physical layer impact has been identified. 

· No further actions for RAN1 have been identified related to time/clock synchronization in Rel-16. 


Currently, according to RAN1’s answer to in the reply LS, the observations is observed as follows:

· RAN1 confirmed that the Timing Advance based methods were used to obtain propagation delay compensation for the required high time synchronization accuracy, especially for the cell of large coverage. 

· RAN1 have indicated that half of the indicated timing advance can be used to propagation delay compensation in their estimations, no TA granularity enhancements in Rel-16.
· RAN1 could not converge on when or how to apply propagation delay compensation for Rel-16, since no RAN1 impact has been identified so far.

Considering the limited time budget in Rel-16, in RAN2, it is preferred to focus on the issues as follows:

Issue 1. Which node perform propagation delay compensation;

Issue 2. When or how to apply propagation delay compensation from RAN2 perspective;
Issue 3. Whether a signalling indication is needed to indicate when or how to apply propagation delay compensation;

For a connected UE with a valid TA, and if the reference time is provided via a dedicated unicast RRC message, then it is possible that either the UE or the gNB can utilize the valid TA value for the propagation delay compensation.

Observation 1: For the unicast reference time is signaled to the UEs, either the UE or the gNB can utilize the valid TA value for the propagation delay compensation.
However, when the gNB cannot support the function of providing the reference time via a dedicated unicast RRC message, but support of broadcasting the reference time via SIB, it is impossible for gNB to perform the propagation delay compensation.
Observation 2: For the reference time is broadcasted to the UEs, it is impossible for gNB to perform the propagation delay compensation.

Hence, to adopt a solution which can address issues in more use cases, we propose:
Proposal 1: it is proposed that the UEs are responsible for performing the propagation delay compensation.
Some companies raised the issue that the UE in RRC_IDLE or in the uplink out-of-sync of the RRC_CONNECTED does not have a valid TA value, and the gNB has no idea when a UE is going to receive/use the reference time. And the current specification does not allow the UE to trigger the RACH procedure for the propagation delay compensation. However, in our understanding, the requirement of high accurate reference time is mainly for URLLC service, which devices are always in connected mode during the actual operation in the factory or campus.
Observation3: the requirement of high accurate reference time is mainly for URLLC service in TSN system, which devices are always in connected mode during the actual operation in the factory or campus.

Proposal 2: it is proposed that the study scope of the propagation delay compensation can only focus on the connected UE.
Since the propagation delay is related to SCS, and the distance between UE and gNB, e.g. distance =delay * 3*108m/s, in [2], RAN1 had pointed out that only if a UE was to apply propagation delay compensation, a gNB-to-UE synchronization accuracy of 470ns to 540ns for 15kHz SCS can be achieved for larger service areas with more sparse cell deployments (e.g. for inter-site distances >200m the gNB-to-UE timing synchronization accuracy without propagation delay compensation may be worse than 1us). This means that for small service areas with dense small cell deployments a propagation delay compensation by the UE would not be required. Hence, in our understanding that it is necessary to indicate the UE when the propagation delay compensation needs to be applied via gNB.

Proposal 3: The UE should only compensate propagation delay for high accuracy reference time information according to a certain criteria or signalling indication.
Then the following issue is how to design the signalling, there are three alternatives:
Alternative 1. gNB can send an explicit indication for start or stop the propagation delay compensation on the UE, and the special condition to trigger the start/stop the propagation delay is left to the network’s implementation.

Alternative 2. The condition to trigger the start/stop the propagation delay and the UE’s corresponding behaviour are specified in the specification, then no signalling is required.

Alternative 3. gNB can send the condition to trigger the start/stop the propagation delay to the UE and then the UE’s behaviour need obey the corresponding criteria, e.g. the distance between gNB and UE if positioning is supported by the UE, RSRP threshold, or TA value threshold per SCS.
Considering the signalling complexity and the flexibility of network implementation, the alternative 1 is preferred.
Proposal 4: it is proposed that gNB can send an explicit indication for start/ stop the propagation delay compensation on the UE, and the special condition of triggering the start/stop the propagation delay is left to the network’s implementation.
Finally, if the UE received the instructions are conflict between what it received in DLInformationTransfer message and the information received in SIB9 message, the field received in DLInformationTransfer message which is per UE signalling allows overriding the field received in SIB9 message.
Proposal 5: if the UE received the instructions are conflict between what it received in DLInformationTransfer message and the information received in SIB9 message, the field received in DLInformationTransfer message allows overriding the field received in SIB9 message.

3 Conclusions

Observation 1: For the unicast reference time is signaled to the UEs, either the UE or the gNB can utilize the valid TA value for the propagation delay compensation.

Observation 2: For the reference time is broadcasted to the UEs, it is impossible for gNB to perform the propagation delay compensation.

Observation3: the requirement of high accurate reference time is mainly for URLLC service in TSN system, which devices are always in connected mode during the actual operation in the factory or campus.
Proposal 1: it is proposed that the UEs are responsible for performing the propagation delay compensation.
Proposal 2: it is proposed that the study scope of the propagation delay compensation can only focus on the connected UE.
Proposal 3: The UE should only compensate propagation delay for high accuracy reference time information according to a certain criteria or signalling indication.
Proposal 4: it is proposed that gNB can send an explicit indication for start/ stop the propagation delay compensation on the UE, and the special condition of triggering the start/stop the propagation delay is left to the network’s implementation.
Proposal 5: if the UE received the instructions are conflict between what it received in DLInformationTransfer message and the information received in SIB9 message, the field received in DLInformationTransfer message allows overriding the field received in SIB9 message.
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Q1. What method did RAN1 assume for propagation delay compensation in their synchronization accuracy analysis in IIoT study (as per results captured in TR 38.825), e.g. was it Timing Advance based or based on another method?


Q2. Does RAN1 see the need for specifying any propagation delay compensation requirements or enhancements in order to meet the synchronization requirements as studied in NR Industrial IoT SI?








