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1 Introduction
One of the objectives in the study item description is [1]:
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And in last RAN2 meeting, the following agreements were achieved after the discussion on requirements of TSN in 5G triggered by SA2 LS [2]:
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Although there are several agreements, the specific analysis and mechanism to the support of accuracy timing reference had not been discussed. On the other hand, besides timing clock in TSN, GNSS (Global Navigation Satellite System) have been widely used to achieve the common time reference in 3GPP networks. Hence, in this contribution, we focus on how to provide the precise reference timing to the UE and achieve accurate time synchronization among the UEs within 5G system as TSN system from the two kinds of clocks. We provide text proposals to be captured in TR 38.825 as well.
2 Discussion
2.1 Overview of options for time synchronisation using TSN
Generally, there are 3 options for the deliver of precise timing information to the UE during the discussion:
Option 1) The 5G system appears as an 802.1 AS compliant entity, which means the gNB and the UPF act as TSN-compatible TSN-endpoints and interact with TSN procedure initiated by TSN end-points and TSN controllers. Obviously, in this option, the timing information is transmitted via 802.1 AS/gPTP messages.
Option 2) The UE get the timing information via System information or dedicated RRC signalling. And the gNB acquires the precise timing directly from the TSN master clock, for instance, through an embedded TSN client within the gNB.
Option 3) Same with the option 2, the UE get the timing information via System information or dedicated RRC signalling. The different part is the 5G system appears as a black box for integration with TSN, and TSN provides the accurate time reference to the 3GPP 5G system. Then the gNB acquires the precise timing from the TSN master clock transferred by UPF or other neighbouring entities. The information is conveyed through underlying transport network via an embedded PTP slave entity (which is out of scope of 3GPP), NGAP or GTP-U packet, which is out of scope of RAN2.
In last RAN2 meeting, the common understanding is that the option of adopting the Integrated TSN approach will involve more extensive specification work and potential difficulties. The preferred option is that 5G system appearing as a black box for integration with TSN, and TSN provides the accurate time reference to the 3GPP 5G system. The gNB need get the accurate time reference from UPF or other neighbour nodes, which acts as “Boundary clock”.
Observation 1: The preferred option is that 5G system appearing as a black box for integration with TSN, and TSN provides the accurate time reference to the 3GPP 5G system. 

2.2 Analysis on time synchronisation using GNSS

Besides Master clock from existing TSN network, in 3GPP networks, GNSS (Global Navigation Satellite System) have been widely used to achieve the common time reference, via a master node receiving the time information from GNSS, and then propagation of the synchronization information hop-by-hop via gNB to other sub-level nodes across the network, as shown in figure 1. 
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Figure 1: the source of Timing information from GNSS
In LTE, the UE can perform absolute time synchronization with the eNB by receiving SIB16 which is introduced in Rel-11 and is applied for a variety of use cases such as GNSS, eMBMS, DASH and local time provisioning. And the field counts the number of UTC seconds in 10 ms units in Rel-11. Then in R15, time synchronization requirement had been added to the WID on URLLC for LTE in RAN #78, which aim was to identify and specify solutions allowing the network to provide timing information at high granularity to enable more accurate time synchronization for UEs. At last, two possible solutions, both broadcast solution (via SIB16) and unicast solution (via dedicated RRC signalling), are agreed to transmit the time reference information. And the granularity of enhanced accurate time reference is 0.25 us, as the traditional field counts the number of UTC seconds in 10 ms units. Additionally, an inaccuracy indication is agreed to be optionally sent to indicate inaccuracy range of a time reference information, which range is from 0.25 us to 1 ms.
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SystemInformationBlockTypel6-rll ::= SEQUENCE {«
timeInfo-rll SEQUENCE {«
timeInfoUTC-rll INTEGER (0..549755813887),«
dayLightSavingTime-rll BIT STRING (SIZE (2)) OPTIONAL, —— Need OR«
leapSeconds-rll INTEGER (-127..128) OPTIONAL, —-- Need OR«
localTimeOffset-rll INTEGER (-63..64) OPTIONAL —-- Need OR«
} OPTIONAL, —— Need OR«
lateNonCriticalExtension OCTET STRING OPTIONAL,«

[['timeReferenceInfo-rls ~  TimeReferencelnfo-rl5 OPTIONAL  -- Need OR|
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Solution 1: the transmission of a granular time reference value via system information
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Solution 2: the transmission of a granular time reference value via dedicated messages
Proposal 1: The methods to provide a sufficiently granular time reference value to a UE from an eNB approved in the WID on URLLC for LTE can be reused in NR as baseline.
2.3 Time synchronization architecture 
Based on the above illustration, the following architecture can be achieved:
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Figure 2: architecture of time synchronization from RAN side
Proposal 2: It is proposed to capture this architecture figure of time synchronization from RAN side in the TR 38.825.
Base on this architecture and the consideration of the properties of the NR radio access link, time synchronization controlled by gNB is more suitable since it can do better measurements of departure and arrival over radio link, and can performance better calculate the delay and compensate the deterioration of the accuracy of the timing information during the information delivery over radio access link. Hence, it is prefer to enable time synchronization between UEs realized through the gNB in current 3GPP radio access network. All the UEs are synchronized with the gNB to achieve indirect time synchronization between the UE via provision of absolute time from gNB. 

Observation 2: Time synchronization controlled by gNB is more suitable since it can do better measurements of departure and arrival over radio link, and can performance better calculate the delay and compensate the deterioration of the accuracy of the timing information during the information delivery over radio access link.

Proposal 3: It is proposed to enable Time synchronization among UEs through the gNB.

On the other hand, the traditional industry time synchronization is generally realized by wired solution over ethernet system. Therefore, the IEEE 802.1AS specification assumes that the link delay is symmetric and deterministic. And IEEE 802.1AS determines link-delay through a kind of RTT-measurement on Ethernet layer via explicit handshake negotiation to achieve precise timing information over the physical layer, which is wired link. Moreover, IEEE 802.1AS supports a mechanism to determine relative clock drift between different Ethernet nodes as well to align the local clock to the master clock. All these rely on accurate frame departure and arrival measurements on physical layer. However, these assumptions are not met for the 5G NR radio access link.

 Observation 3: the assumptions that the link delay is symmetric and deterministic in the IEEE 802.1AS specification are not met for the 5G NR radio access link.
Furthermore, although the granularity of enhanced accurate time reference can be enhanced to 0.25 us, as mentioned in R15 discussion, the calculation of the synchronicity accuracy also need take the possible inter-gNB accuracy and sync error caused by deterioration of the accuracy of timing information transmission over the radio interface depends the cell radius into account, which can be summarized as the following formula: 

UE to UE synchronization accuracy = time granularity (set in gNB) + F
F indicates the other aspects that contribute to the sync inaccuracy, which depends on the accuracy of the estimation and compensation of reference timing information transmission delay and jitter over the radio link from the sync source to the application layer in the UE via gNB, including:

· sync accuracy error among gNBs,
· Timing Advance estimation and compensation on radio link, 
· Residence delay in gNB caused by data processing etc.
Additionally, there are still some other issues need to be addressed. For example, as synchronization inaccuracy now is just indicated as a range, it actually can be calculated as a value, taking the timing advance value and cyclic period value etc. into the account. 

Therefore, how to compensate for time accuracy error caused by deterioration of the accuracy of timing information transmission over the radio interface need to be addressed.
Proposal 4: it is proposed to study how to compensate for time accuracy error caused by deterioration of the accuracy of timing information transmission over the radio interface need to be addressed and make clear the work split between RAN1 and RAN2.

3 Conclusions
Observation 1: The preferred option is that 5G system appearing as a black box for integration with TSN, and TSN provides the accurate time reference to the 3GPP 5G system. 
Observation 2: Time synchronization controlled by gNB is more suitable since it can do better measurements of departure and arrival over radio link, and can performance better calculate the delay and compensate the deterioration of the accuracy of the timing information during the information delivery over radio access link.
Observation 3: the assumptions that the link delay is symmetric and deterministic in the IEEE 802.1AS specification are not met for the 5G NR radio access link.
Proposal 1: The methods to provide a sufficiently granular time reference value to a UE from an eNB approved in the WID on URLLC for LTE can be reused in NR as baseline.

Proposal 2: It is proposed to capture this architecture figure of time synchronization from RAN side in the TR 38.825.
Proposal 3: It is proposed to enable Time synchronization among UEs through the gNB.

Proposal 4: it is proposed to study how to compensate for time accuracy error caused by deterioration of the accuracy of timing information transmission over the radio interface need to be addressed and make clear the work split between RAN1 and RAN2.
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5 TP on TR 38.825

We proposed to capture the following text proposals in TR 38.825.

* * * Start of Change * * * 

6.4
Accurate reference timing provisioning

Editor’s note: RAN2 responsibility with potential network interfaces impacts handled by RAN3

6.4.x
Architecture of time synchronization for UE
Editor’s note: RAN2 responsibility with potential network interfaces impacts handled by RAN3
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Figure 6.4.x-1: architecture of time synchronization from RAN side
The gNB is responsible for the time synchronization among the UEs. And the UEs acquire the precious timing information via System information or dedicated RRC signalling from the gNB. The Master clock source for the gNB can be either GNSS or the TSN Grandmaster clock. And the 5G system appears as a black box for integration with TSN, and TSN provides the accurate time reference to the 3GPP 5G system. Then the gNB acquires the precise timing from the TSN master clock transferred by UPF or other neighbouring entities. 
6.4.y
Identified Issues
6.4.y.x 
Compensation for any time accuracy error
(FFS: how to compensate for time accuracy error caused by deterioration of the accuracy of timing information transmission over the radio interface need to be addressed and make clear the work split between RAN1 and RAN2)
6.4.z
Potential solutions

Editor’s note: RAN2 responsibility

6.4.z.x 
Potential solutions for delivery of timing information
6.4.z.x.1: Delivery of timing information via system information
The UE can perform absolute time synchronization with the gNB by receiving SIB9 (additional SIB is FFS). In the SIB9, gNB may include highly accurate sync time as illustrated in Figure 6.4.x-1, where the reference time of the system broadcast message is the frame boundary at/immediately after the end of the associated SI-window. The time can be either the coordinated universal time or the TSN time The field counts the number of UTC seconds in X(FFS) units.  
6.4.z.x.2: Delivery of timing information via dedicated messages
The UE can perform absolute time synchronization with the gNB by receiving dedicated RRC signalling. In the dedicated RRC signalling, gNB may include highly accurate sync time as illustrated in Figure 6.4.x-1. The time can be either the coordinated universal time or the TSN time The field counts the number of UTC seconds in X(FFS) units.  
* * * End of Change * * * 

Time Sensitive Networking related enhancements:


Accurate reference timing: Delivery & related process (e.g. SIB delivery or RRC delivery to UEs, Multiple Transmission points) (RAN2/RAN3/RAN1)











Agreements for the SA2 LS


1 	From RAN perspective, we prefer Black Box approach and will indicate this to SA2.


2	From RAN2 perspective, handling of packet arrival jitter will not be considered in performance evaluation without SA2 request. We will expect RAN1 to analyse latency and reliability.


3	SA2 and RAN3 should discuss whether any work is needed for time information delivery to the gNB.
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