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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]1.	Introduction
The issue of Propagation Delay Compensation (PDC) in support of TSN clock distribution in IIOT kicked off initial discussion in RAN2#105 meeting and has lasted for nearly one year resulting in the “almost agreed” conclusions in RAN2#108:
	· 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. 


The issue was summarized as two proposals in the document [1] listing the remaining open issues to address in RAN2#109 e-meeting, as an outcome of the email discussion [108#32] on the 38.331 running CR for IIOT:
[bookmark: _Toc31207335]RAN2 to discuss and confirm that 
a. [bookmark: _Toc31207336]R2 assume that UE may perform propagation delay compensation and we don’t specify how the UE perform propagation delay compensation.
[bookmark: _Toc31207337]RAN2 to discuss and agree on one of the following alternatives:
b. [bookmark: _Toc31207338]In Rel-16, we don’t introduce network indication related to the need of delay compensation. 
c. [bookmark: _Toc31207339]For unicast and broadcast, the network can indicate to the UE to not do delay compensation.
d. [bookmark: _Toc31207340]For unicast and broadcast, the network can indicate to the UE to do delay compensation.
e. [bookmark: _Toc31207341]For unicast and broadcast, the network can indicate to the UE to either do or not do delay compensation.
In this contribution, we summarize the existing proposals, then further analysis is carried out and our proposals are provided.
[bookmark: OLE_LINK13][bookmark: OLE_LINK12]2. Discussion
Firstly we want to clarify what the issue is about: PDC is just for reference time adjustment. Basically UE, or gNB, would adjust the reference time informed from gNB in referenceTimeInfo by NTA/2 which is roughly the propagation delay as shown in Figure 1. Legacy synchronization procedure is independent from PDC, i.e. legacy synchronization procedure would not be impacted by PDC. UE would not adjust the DL timing for legacy synchronization due to PDC.
[image: cid:image002.jpg@01D5DAD9.210A01C0]
[bookmark: _Ref31883486]Figure 1: Propagation Delay Compensation principle
We provide in the below table a high-level summary of the proposals of each company for related two topics during last two meetings in order to provide further judgment:
	Topic
	Opinion
	Supporter

	Propagation Delay Compensation is needed?
	Up-to UE implementation and no specification needed
	 [2]

	
	Yes, NTA/2 is used
	[3][4]

	UE or gNB based?
	gNB based Propagation Delay Compensation
	[5][6][4]

	
	UE based Propagation Delay Compensation
	[7][3][4]


For further analysis, companies views on the UE or gNB based PDC are summarized below:
1) gNB based PDC: [4] [6] think that for the unicast reference time, the gNB performs the PDC. [6] argues it has fewer UE implementation impacts and is not limited by TA granularity. [5] thinks that UE-based PDC will require the UE to trigger frequent unicast signalling with the gNB to prevent the TA from becoming stale. So PDC should be performed by the gNB.
2) UE based PDC: [3] notes that RAN1 indicated in their reply LS that PDC should only be applied by the UE when the distance from the gNB is higher than ~200m. In case PDC is applied by the UE when being closer than 200m, the synchronization accuracy actually deteriorates. It is then important to tell the UE where PDC needs to be applied with direct signalling from gNB. So UE should only apply PDC for reference time information when instructed by the gNB with explicit signalling. [4] thinks that for the broadcast reference time, the gNB should indicate whether the PDC needs to be performed by the UE. [7] notes that, based on RAN1’s analysis, a gNB-to-UE synchronization accuracy no worse than 540ns can be achieved with applying PDC even for dense cell deployments. So UE always compensates propagation delay when performing accurate time synchronization.
As can be seen from the above discussion, each company's proposal is based on certain scenario. For example: unicast or broadcast, distance between UE and base station etc. For broadcast scenario in large cells, it is clear the compensation operation cannot be based on gNB only. In addition no company seems to support that UE-based PDC should be specified in 3GPP. Therefore the above proposal 1 from email discussion [108#32] rapporteur seems acceptable by everyone:
Proposal 1: R2 assume that UE may perform propagation delay compensation and we don’t specify how the UE perform propagation delay compensation.
Based on the above proposal, further details need to be discussed for unicast and broadcast scenarios.
· For unicast: NW may already perform UE-specific PDC, based on each UE’s propagation delay, in which case UE should not do it. gNB is required to send clear instructions to UE.
· For broadcast: the distance between UE and gNB is different, and UE is needed to implement propagation delay compensation operations when needed. But for some case, if the cell is small enough all UEs should be asked not to do any propagation delay compensation in order to not add any uncertainty from the timing estimator. gNB is required to send clear instructions to UE.
Based on the above, Proposal 2-b from email discussion [108#32] rapporteur is our preferred choice:
Proposal 2: For unicast and broadcast, the network can indicate to the UE to not do delay compensation.
3. Conclusion
[bookmark: _GoBack]In this contribution, open issues for Propagation Delay Compensation (PDC) are discussed. Based on the above analysis, the following proposals are made. 
Proposal 1: R2 assume that UE may perform propagation delay compensation and we don’t specify how the UE perform propagation delay compensation.
Proposal 2: For unicast and broadcast, the network can indicate to the UE to not do delay compensation.
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