	
[bookmark: _Hlk19003833]3GPP TSG-RAN WG3 Meeting #111e	R3-210873
Online Meeting, 25th January – 5th February 2021

Agenda Item:	21.2
Source:	Ericsson
Title: 	Discussion on Further enhanced NR-IIoT: Enhancements for support of time synchronization
Document for:	Discussion and Approval
1	Background
3GPP has approved a new Rel-17 WI [1] with the below Objectives:
	The detailed objectives of the Work Item are:
1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
0. UE feedback enhancements for HARQ-ACK [RAN1]
0. CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 
1. [bookmark: _Hlk26864288]Identify potential enhancements to ensure Release 16 feature compatibility with unlicensed band URLLC/IIoT operation in controlled environment [RAN1, RAN2]
1. Detailed objectives to be clarified at RAN#87 based on essential issues to be identified in RAN#87 (if any)

1. Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
1. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
1. Enhancements for support of time synchronization:
1. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
1. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]
1. RAN enhancements based on new QoS related parameters if any, e.g. survival time, decided from SA2. [RAN2, RAN3] 




Objectives 4 is related to Enhancements for support of time synchronization and should be discussed in RAN3.
2	Discussion
Enhancements for support of time synchronization
The Rel-17 WID aims for a new use case for TSN Grandmaster clocks supported within the context of TSN-5GS interworking:  a TSN Grandmaster clock can be located at end stations reachable through a UE/DS-TT. This new Rel-17 use case involves two Uu interfaces in the 5GS path (i.e. the control-to-control communication use case) over which a TSN Grandmaster clock is relayed (i.e. from the 5GS ingress at a UE-DS-TT to the 5GS egress at another UE/DS-TT).  
Up to 540ns of uncertainty can be introduced when sending the 5G reference time over a single Uu interface and adjusting it using the downlink propagation delay value determined using the legacy Timing Advance method. Supporting a 5GS path that includes two Uu interfaces will therefore be problematic considering that 5G reference time based timestamping is used to measure the delay between 5GS ingress and 5GS egress  and that the maximum uncertainty introduced when relaying a TSN Grandmaster clock from ingress to egress is limited to 900ns.
There is a need to Maintaining 5G Reference time during mobility 
Once a UE has received 5G reference time from a NG-RAN node and adjusted it to reflect downlink PD it is expected to maintain it with suitable accuracy until the next refresh thereof (e.g. UE implementations supporting the TSN – 5G interworking use case can be reasonably expected to support an acceptable clock stability such as that of a stratum 3 clock). 
However, a NG-RAN node may need to periodically refresh the 5G reference time using broadcast/unicast methods. The nominal periodicity of reference time delivery Tn is deployment dependent, for example, Tn can reflect inter-NG-RAN node clock stability and inter-NG-RAN node clock synchronization if multiple NG-RAN nodes are involved to cover the control-to-control scenario. 
During handover, a UE’s connection to the source NG-RAN node which transmits the reference time might be lost temporarily. After a successful handover, a UE is connected to the target NG-RAN node for which there are delays in preparing reference time delivery from the target NG-RAN node, not only because of the propagation delay from the target NG-RAN node to the UE is different from the source NG-RAN node to the UE, but also because of the time it takes for the target NG-RAN node to prepare the information comprising the reference time. 
In the disaggregated deployment, the CU needs to extract the time reference information from DU.
The interruption time needs to be considered when deciding the periodicity of the reference time transmission from the NG-RAN node. Due to the interruption, the worst-case delay between two reference time deliveries is t1 + t2. If the nominal reference time delivery periodicity Tn is once per t1, a non-zero interruption time t2 means that t1 + t2 > Tn. To mitigate the impact of the interruption time t2 the periodic refresh (t1) should be made smaller (more frequent) to help reduce the time from the last reference time transmission in the source cell until handover is finished. A smaller periodic refresh period means a large periodic signalling overhead on the Uu interface. On the contrary, reducing interruption time t2 in reference time delivery (due to handover interruption and target cell preparation time) can reduce periodic signalling overhead on the Uu interface.  
The target NG-RAN node can initiate broadcast TSN in SIB 9, or to obtain the Time Reference Information from DU according to Rel 16.
It was mentioned that the handover interruption time can be zero with mobility enhancements features introduced in Rel-16. But this is different from the above discussed issue regarding the target NG-RAN node preparation time. Even with zero handover interruption time, there is a need for the target NG-RAN node to acquire the knowledge that the UE needs reference time delivery so that the target NG-RAN node can prepare the reference time delivery early on.  
Therefore, it is beneficial for the target NG-RAN node to know that a UE TSN timing reference used in the source NG-RAN node as early as possible during NG and Xn Handover.  

Proposal 1: RAN3 to discuss and agree that during handover the source NR-RAN node informs the target NG-RAN node the TSN reference information used for the UE.
[bookmark: _GoBack]The CR for NGAP and XnAP are submitted in [2] and [3].
3	Proposals
Proposal 1: RAN3 to discuss and agree that during handover the source NR-RAN node informs the target NG-RAN node the TSN reference information used for the UE.
The NGAP and the XnAP CRs are submitted in [2] and [3].
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