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1	Introduction
According to the decision from RAN plenary and according to the updated SID for NR Industrial IoT [1], during the RAN2#103bis meeting, RAN2 should treat the LS from SA2 ([4]). In the LS, RAN WGs are requested to perform an analysis of whether NR can meet the requirements to support TSN networks as outlined in TR 22.804 clause 8.1 [2]. The requirements can be divided into two main components: performance and synchronization and their analysis need an effort from RAN1, RAN2 and RAN3. This paper first discusses how to interpret synchronization related requirements and proposes a way forward on how to split the work between the Work Groups and how to proceed with synchronization requirements the analysis.
2	Synchronization requirements
The clock synchronisation service and performance requirements are specified in TR 22.804 section 8.1.6 [2]:
	[bookmark: _Toc515793157]8.1.6   Clock Synchronisation communication service requirement
[bookmark: _Toc515793158]8.1.6.1 Clock synchronisation communication service level requirement 
	Reference number
	Requirements
	Use case requirement 
reference

	Nsd.Csy.1
	The 5G system shall support the processing and transmission of IEEE1588 / Precision Time Protocol messages to allow 3rd application which use this protocol to meet the clock synchronisation performance requirement.
	Factories of the Future 4.3
PMSE 2.5
PMSE 3.6


	Nsd.Csy.2
	The 5G system shall support synchronising the time clock of UEs with external clocks through the 5G system. 

	Factories of the Future 18.8


	Nsd.Csy.3
	The 5G system shall be able to synchronise the time clock of the UEs that are distributed across different geographically deployed 5G networks. 

	Factories of the Future 18.18




[bookmark: _Toc515793159]8.1.6.2 	Clock synchronisation service performance requirement 
	clock synchronicity accuracy level 
	Number of devices in one Communication group for clock synchronisation
	Synchronisation clock synchronicity requirement 
	Service area 
	Use case reference

	1
	 Up to 300 devices
	< 1 µs
	≤ 100 m2
	Factories of the Future 2.4
Factories of the Future 5.3
PMSE 1.2, 
Electric Power Distribution 4.1

	2
	Up to 10 UEs
	< 10 µs
	≤ 2500 m2
	PMSE 3.1

	3
	Up 500 UEs
	< 20 µs
	≤ 2500 m2
	PMSE 2.1







3 	Interpretation of synchronization requirements
3.1 	Clock synchronization communication service
To better understand the requirements, the general principle of how synchronization can be delivered for Time Sensitive Networks with a usage of 5G system is depicted in the figure below, where 5G system acts as a time aware relay according to IEEE802.1AS-rev definitions. As per definitions, 5G system relays generalized precision time protocol (gPTP) synchronization messages received on its slave port (N6) from master port (N60), with adding residence time of 5G into cumulative delay correction field of message. As pre-requisite, user plane entities of 5G system shall be synchronized with master clock of 5G and Ethernet ports in N6 and N60 require HW with time stamping functionality. 5G system exploits native synchronization at Uu with signalling of precise time information. This applies for 5G as a bridge TSN model.


Figure 1:  Overview for synchronization with 5G system as a time aware relay
3.1.1 	Support for PTP synchronization service (Nsd.Csy.1) 
Support for time synchronization of applications in UE and DN side through 5G system with e.g., IEEE802.1AS-Rev ([1]) may cause different impact to 5G system depending on the selected TSN model e.g. link, bridge as discussed in [3]. At the same time, impact to RAN is expected to be nearly independent of selected TSN model. Support for PTP would require synchronization of user plane through 5G system including UPF, where NR can exploit native synchronization mechanisms with signaling of GPS time information as in LTE Rel-15. 
It should be noted that support for IEEE1588/ Precision Time Protocol messages may address further performance requirements [1] beyond what is specified in TR22.804 table 8.1.6.2, e.g., 
•	Resolution of local clocks <40ns
•	Residence time of 5G <10ms   
Those additional requirements are still being discussed by SA2, but hey may have an impact on the RRC signalling, which is to be specified by RAN2. In particular the resolution of local clocks requirement mentioned above may have an impact of the granularity of the timing information to be provided via RRC. In LTE the granularity is limited to 0.25 µs and it is currently unclear whether this would be sufficient to meet all the requirements of TSN networks. 
Observation 1: RAN2 will require further input from SA2 to decide about the granularity of timing information provided with RRC signalling. 
3.1.2	Support for multiple external clocks (Nsd.Csy.1) 
Support for multiple clocks (domains) will be introduced in 802.1AS-rev, thus adopting it may cover this requirement without RAN impact while RAN is synchronized with the main PTP domain (domain 0) that all time aware systems shall support. Support for multiple clocks may exploit also unicasting of time information (like in LTE Rel-15) to related UE group, but in this case each gNB needs to be synchronized with all supported clocks. However, that should be discussed in SA2 first before RAN impacts can be analyzed while it should be indicated to SA2 that solutions which minimize RAN impact are preferred. 
Proposal 1: RAN2 should indicate to SA2 that method for supporting multiple clock domains should avoid impacts to RAN, if possible. RAN WGs will not work on this issue unless the required input is provided by SA2.
3.1.3	Support for synchronising the time clock of UEs with external clocks through the 5G system (Nsd.Csy.2)
To support this requirement an approach similar to the one implemented in LTE as part of HRLLC WI can be used from RAN perspective. RRC signalling with SIB and dedicated RRC message can be applied to NR case in a very similar manner with a reservation that granularity of timing information provided by RRC may need to be finer than 0.25 µs.
Proposal 2: RAN2 should determine support for synchronization related time information both via SIB and dedicated RRC signalling, similar as in LTE Rel-15, but with potentially improved granularity to match with PTP and TSN synchronization requirements.  
3.1.4 	Support for wide area synchronization (Nsd.Csy.3)
This requirement speaks of synchronizing UEs which are distributed across multiple 5G networks and how to achieve that seems to be out of RAN scope.  
3.2 	Clock synchronization performance requirements
3.2.1 	Number of synchronized devices
The number of synchronized devices does not have impact to synchronicity performance, unless e.g. hops via side links are considered, which is out of scope of the NR IIoT SI.
3.2.2 	Synchronicity and service area
[bookmark: _GoBack]The main requirement for synchronicity in RAN is <1µs with the master clock. It should be noted that this requirement is mentioned for the service area of <100m2, but on the other hand one of the mentioned use cases is Electric Power Distribution. In this use case the service area is much bigger than 100 m2 and would definitely span across multiple gNBs, which has an impact on the achievable synchronization accuracy. For example, according to section 9.6.3 of [5], the current inter-gNB synchronization requirement is <3µs. It should be clarified with SA2 whether <1 µs synchronicity requirement is meant for both intra-gNB and inter-gNB case.
Proposal 3: RAN2 should clarify with SA2 whether <1 µs synchronicity requirement is meant for both intra- and inter-gNB cases.
Another important point to note is that the synchronization requirements may refer to two different cases, i.e. synchronization between UE and UPF and synchronization between different UEs synchronized to the same master clock. The requirement of having multiple UEs synchronized with each other may have an impact on the conclusions related to analysis on RAN side, since to meet the <1 µs synchronicity requirement between two UEs, the synchronicity requirement of each single UE would have to be below <0.5 µs.
Proposal 4: RAN WGs should analyse how to ensure synchronization among UEs and UPFs in the network.
Observation 2: SA2 should define UE synchronicity related to the master clock to remove ambiguity on synchronicity requirement with inter UE synchronicity definition.
While RAN2 should be the WG responsible for designing the required signalling related to timing information provisioning, in order to analyze the currently achievable synchronization accuracy over network and air interfaces, RAN1 and RAN3 involvement would be required.
Proposal 5: RAN1 should determine time error budget achievable over Uu interface while RAN3 should determine time error budget between UPF and gNB-DU.
Only once this analysis is done, we will be able to decide about whether the overall synchronicity requirement can be met and whether some enhancements will be required in RAN to meet those.
Observation 3: Only once the analysis of time error budget achievable over Uu interface and network interfaces is done, RAN WGs will be able to decide whether some enhancements are required to meet the overall requirements.

4	Summary
The paper presents the synchronization architecture and requirements for TSN support via 5G system. Based on the analysis and discussion in the paper, the following observations and proposals are made: 
Observation 1: RAN2 will require further input from SA2 to decide about the granularity of timing information provided with RRC signalling. 
Proposal 1: RAN2 should indicate to SA2 that method for supporting multiple clock domains should avoid impacts to RAN, if possible. RAN WGs will not work on this issue unless the required input is provided by SA2.
Proposal 2: RAN2 should determine support for synchronization related time information both via SIB and dedicated RRC signalling, similar as in LTE Rel-15, but with potentially improved granularity to match with PTP and TSN synchronization requirements.  
Proposal 3: RAN2 should clarify with SA2 whether <1 µs synchronicity requirement is meant for both intra- and inter-gNB cases.
Proposal 4: RAN WGs should analyse how to ensure synchronization among UEs and UPFs  in the network.
Observation 2: SA2 should define UE synchronicity related to the master clock to remove ambiguity on synchronicity requirement with inter UE synchronicity definition.
Proposal 5: RAN1 should determine time error budget achievable over Uu interface while RAN3 should determine time error budget between UPF and gNB-DU.
Observation 3: Only once the analysis of time error budget achievable over Uu interface and network interfaces is done, RAN WGs will be able to decide whether some enhancements are required to meet the overall requirements.
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2. Insert residence time of 5GS into correction field of the PTP packet

Note i: Residence time also needed for CNC / IEEE 802.1Qcc support
Note ii: 5GS may contain own GM and form own gPTP domain
Note iii: When 5GS acts as GM, then time information is not propagated from N6 to UE...

1. Measure residence time of 5GS (including propagation delays) per each UPF-UE port pair by exploiting 5G native methods, including known SFN/GPT relation with TA, S-plane of fronthaul, etc.
To achieve time synchronization at TSN end-station via 5GS:



