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1 Introduction

The following items are proposed as a way forward for TSN synchronization [1] in RAN3 #102 meeting:
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In RAN2 #103bis meeting, the following agreements were achieved after the discussion on requirements of TSN in 5G triggered by SA2 LS:
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And in RAN2 #104 meeting, the following agreements were achieved after the discussion on accurate reference timing in 5G:
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RAN1 has analyzed the achievable time synchronization accuracy over Uu interface [2]:
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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. 
2 Discussion
2.1 Options for time synchronisation using TSN
Generally, there are 4 options for the deliver of precise timing information to the UE during the discussion [3]:
Option 1: Transport of 802.1AS messages over the 5G system to convey timing to the UE. In this option, the 5G system appears as an 802.1AS compliant entity that allows northbound and southbound nodes to use 802.1AS standardized signalling to exchange time information.

Option 2: Conveying timing to the UE that act as boundary master clocks towards connected TSN device via 5G specific signalling, e.g. via 5G broadcast/5G unicast for timing of frame structure. In this option, the 5G RAN utilizes its fine-frame structure which may be below symbol level to convey precise timing to the UE. The 5G RAN receives the TSN timing information via direct connectivity with the TSN master clock, e.g. via underlying transport network by having an embedded TSN client within the gNB (this option does not use UE specific 802.1AS messages). This option is shown in Figure 1.
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Figure 1: Overview for time synchronization with external clock mode approach (option 2)
Option 3: one time-aware relay

This option, shown in Figure 2, can be an implementation with 5G blackbox model, where the entire 5G system can be kept untouched, therefore there will be minimal impact on the 5G system nodes.  The translator/adaptor function located at the edge of 5G system, can take care all 802.1AS related functions.  It is a type of "distributed boundary clock" implementation, or in an 802.1AS term "distributed time-aware relay". Hence, the 5G internal system clock can keep these network elements synchronized so that the time stamping of the gPTP event messages is done correctly. The translator function can be implemented either as part of UPF/UE, or as a stand-alone entity, which is out of scope of RAN3.
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Figure 2: 5G system is modelled as one time-aware relay
Option 4: Multiple time domains merged into one domain using 5G clock.
The option4 as shown in figure 3 can be an implementation with 5G black box model as well. In such an implementation, the entire 5G system can be kept untouched, therefore there will have minimal impact on the 5G system nodes. In this option a single clock domain is sufficient and a suitable one could be provided by the 5G system itself. Actually, it normally has to operate synchronous with an internationally recognized standard such as GPS. The translator/adaptor function located at the edge of 5G system, can take care all 802.1AS related functions.  For example, the gPTP support, time stamping, can be all implemented in the translator. The translator function can be implemented either as part of UPF/UE, or as a stand-alone entity.
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Figure 3: An implementation option of figure 3 using blackbox model mentioned
Regarding option 1, the most challenge is that 802.1AS messages have to be transported over the 5G wireless link with predictable latency, as is done via wired 802.1AS compliant nodes currently. However, option 1 needs the 5G system to involves more extensive specification work and potential difficulties and not align with the RAN2’ preference of 5GS acting as a black box for integration with TSN.
Regarding option 2 with boundary clock mode approach, UPF is synchronized with the TSN GM via transport network and the gNB is synchronized with UPF and TSN GM through underlying PTP capable transport network by using (g)PTP messages as it is makes the 5G system to look like a time aware relay. This option does not use UE specific 802.1AS messages within 5G. Obviously, the option 2 is more align to the RAN2’s conclusion and common understanding on how to support of accurate synchronization timing. 
Both the option 3 and option 4 are kinds of enhancement approaches, which are align to the RAN2’s conclusion and common understanding on how to support of accurate synchronization timing, although there are some implementation out of RAN3 scope.

Observation 1: the option 2 is more align to the RAN2’s conclusion and common understanding on how to support of accurate synchronization timing by using (g)PTP.
Observation 2: both the option 3 and option 4 are kinds of enhancement approaches, which are align to the RAN2’s conclusion and common understanding on how to support of accurate synchronization timing, although there are some implementation out of RAN3 scope.
 Hence, it is proposed:

Proposal 1: it is proposed to adopt option 2 as the baseline of the timing information delivery method to the UE and notify to SA2.

2.2 Time information delivery architecture from RAN side
Based on the above illustration, the following general architecture for time information delivery from RAN side in Figure 4 can be achieved:
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Figure 4: architecture of time synchronization from RAN side
Furthermore, in the CU-DU split scenario, the general architecture for time information delivery could be conducted in two alternatives:

Option1: Both the CU and DU receive the TSN timing information via direct connectivity with the TSN master clock or UPF, e.g. via underlying PTP compatible transport network by having an embedded TSN client within the CU and DU. The time information is delivered by using (g)PTP messages underlying PTP capable transport network. This option is shown in Figure 5.
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Figure 5: architecture of time synchronization in CU-DU split scenario as option 1
Option2: In this option as shown in Figure 6, the CU, which has direct connectivity with the TSN master clock or UPF, acts as boundary master clocks towards DU. CU conveys time information to DU via 5G specific signalling, e.g. via 5G DL RRC Message transfer or system information delivery command for TSN timing transfer. And then the 5G RAN utilizes its fine-frame structure which may be below symbol level to convey precise timing to the UE. 
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Figure 6: architecture of time synchronization in CU-DU split scenario as option 2
Proposal 2: It is proposed to capture all above architecture figures of time synchronization from RAN side, including CU-DU split scenario, to the TR 38.825.
Base on the above 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 perform better when calculating the delay and compensating of the deterioration of the accuracy of the timing information during the information delivery over radio access link. 
In option 1 of the CU-DU split scenario, CU and DU directly connected to the TSN master clock or UPF. The DU may be in charge of constructing the SIBx or specific RRC messages and transferring the timing information to UE. On the other hand, in option 2 of the CU-DU split scenario, the CU is responsible to manage the accuracy of the timing information and compensate the deterioration of the accuracy of the timing information during the information delivery over radio access link. However the solutions for synchronization from CU to DU using 5G specific signalling should be further studied in RAN3 for option 2 of the CU-DU split scenario.
Proposal 3: It is proposed to enable Time synchronization among UEs through the gNB, or CU/DU in CU-DU split scenario.
Proposal 4: The solutions for synchronization from CU to DU using 5G specific signalling should be further studied in RAN3 for option 2 of the CU-DU split scenario.
2.3 Architecture selection depends on time synchronization requirement
In section 8.6.1 of [4], a table regarding clock synchronization communication service level requirement has been given. As indicated in the synchronicity requirement table, the clock synchronization KPIs (<1[image: image12.png]


, <10 [image: image14.png]


 and <20[image: image16.png]


) are given for service area with the maximum size of 2500[image: image18.png]


 and different number of devices in one communication group. To meet requirement regarding timing synchronization (Nsd.Csy) as indicated in section 8.6.1 of [4], 5GS architecture should be chosen carefully.
As agreed on RAN2 #104 meeting discussion with assumption of the Black Box approach, the accurate timing information will be delivered to the UE by employing the system information broadcasting or specific signalling over the air interface from the gNB. The granularity of accurate time broadcasted over air can be enhanced to 0.25 us.

Furthermore, the calculation of the synchronicity accuracy also need take the consideration of time error (TE) caused by deterioration of the accuracy of timing information transmission over the radio interface. From RAN1’s conclusion [2] on the achievable time synchronization accuracy over Uu interface, a timing synchronization error between a gNB and a UE no worse than 540ns is achievable based on the RAN1 agreed evaluation assumptions for Rel-15 NR with 15kHz SCS. 
In RAN3 last meeting [5], the maximum absolute time error from different synchronization source studied as below:
	Synchronization source
	Synchronization accuracy

	Local on-site GNSS receiver (GPS is TSN GM clock) 
	|TE| = 100 ns absolute, 200ns relative between nodes.

	Local on-site TSN GM clock
	TE is negligible.

	Remote TSN GM clock entity using cascaded PTP capable transport network connections
	|TE| ~N*40ns, where N is number of PTP hops. 


To the summary, the total sync time error could be the sum of granularity of time broadcasted over air, the time synchronization accuracy over Uu interface and maximum absolute time error from the synchronization source. If, optimistically thinking, UPF is directly linked to the gNB and edge entity of TSN, the clock information needs to experience at least two hops before arriving at gNB. Bearing in mind that this figure could be changed, depending on whether CU-DU architecture and/or gNB-UPF co-location architecture is used. The table below gives an overall view:
	Chosen architecture 
	Synchronization deviation between UEs and external clock
	Synchronization deviation between UEs distributed in two different groups (different DUs)

	CU-DU without UPF-CU co-location
	250 ns+540 ns+(40*3)ns=0.91us
	2*(250 ns+540 ns)+(40*4)ns=1.74us

	CU-DU with UPF-CU co-location
	250 ns+540 ns+(40*2)ns=0.87us
	2*(250 ns+540 ns)+(40*3)ns=1.7us

	gNB without UPF co-location
	250 ns+540 ns+(40*2)ns=0.87us
	2*(250 ns+540 ns)+(40*3)ns=1.7us


Table 1: Synchronization deviation with respect to the chosen architecture
From the right-most column of table, we can find that synchronization deviation between UEs distributed in two different groups (different DUs) cannot meet the requirement of 1 [image: image21.png]


 clock synchronization, no matter what the architecture between UEs and external clock is. As a result, RAN3 could then determine which architecture should be applied in the TSN scenario based on the RAN2 and RAN1 feedback.
Proposal 5: RAN3 determines which architectures could be applied in the TSN scenario based on the RAN2 and RAN1 feedback.
3 Conclusions
Proposal 1: it is proposed to adopt option 2 as the baseline of the timing information delivery method to the UE and notify to SA2.

Proposal 2: It is proposed to capture all above architecture figures of time synchronization from RAN side, including CU-DU split scenario, to the TR 38.825.
Proposal 3: It is proposed to enable Time synchronization among UEs through the gNB, or CU/DU in CU-DU split scenario.

Proposal 4: The solutions for synchronization from CU to DU using 5G specific signalling should be further studied in RAN3 for option 2 of the CU-DU split scenario.

Proposal 5: RAN3 determines which architectures could be applied in the TSN scenario based on the RAN2 and RAN1 feedback.
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RAN3 discussion: 


How to deliver time information to gNBs operating in a TSN network (e.g GNSS, gPTP, etc).


Whether and how to achieve synchronization between gNB and UPF and between gNBs operating in a TSN network.


What is the achievable synchronization accuracy








RAN2 Agreements:


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








RAN2 Agreements:


We reuse the LTE approach for time distribution by broadcast RRC as a baseline, Unicast is FFS 


0.25us granularity can be starting point, FFS finer granularity than 0.25us





RAN1 conclusion:


RAN1 has performed analysis on the achievable time synchronization accuracy over Uu interface. A timing synchronization error between a gNB and a UE no worse than 540ns is achievable based on the RAN1 agreed evaluation assumptions for Rel-15 NR with 15kHz SCS. It is RAN1´s conclusion, that the synchronization accuracy is improved when using higher SCS. For small service areas with dense small cell deployments a propagation delay compensation by the UE would not be required. The propagation delay compensation needs to be applied by the TSN UEs 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).


Note that the RAN1 analysis does not contain the effects of the granularity & accuracy of the absolute timing indication information by the gNB, which are outside of the RAN1 study scope.











_1605702870.doc

[image: image7.emf]

TSN 







time domain







End







Station







UE







gNB







5G 







GM







TSN







Brid







ge







End







station







TSN 







GM







S







M







S







Uu







M







M







S







PTP 







compatible







transport







M







S







5G system Modelled 







as one time







-







aware 







relay (







gNB







not 







involved in 802.1AS)







5G time 







domain







UPF







TS







TS







Translator







/ Adaptor







Translator







/ Adaptor











[image: image1][image: image2.emf][image: image3.emf][image: image4.emf][image: image5.emf][image: image6.emf]
_1611527416.vsd
�

UE


CU


UPF


TSN


TSN


TSN Link


TSN Link


PTP compatible transport 


Uu


Master Clock from GNSS


SIBx
&. Dedicated RRC message


Time
Information


Time 
Information


5G RAN Internal Time 
Information


Time
Information


DU


Time 
Information


PTP compatible transport 



_1611582618.vsd
�

UE


gNB


UPF


TSN


TSN


TSN Link


TSN Link


PTP compatible transport 


Uu


Master Clock from GNSS


SIBx
&. Dedicated RRC message


Time
Information


Time 
Information


5G RAN Internal Time 
Information


Time
Information



_1611582923.vsd
�

UE


CU


UPF


TSN


TSN


TSN Link


TSN Link


PTP compatible transport 


Uu


Master Clock from GNSS


SIBx
&. Dedicated RRC message


Time
Information


Time 
Information


5G RAN Internal Time 
Information


Time
Information


DU


SIBx delivery command
& RRC message transfer


F1




_1606652286.doc
[image: image1.png]Translator

/ Adaptor PF = / Adaptor

TSN Work domain 1
ansno u Translator

Translator
/ Adaptor








_1605702801.doc


[image: image1.emf]5G System


PTP capable 


transport


NW


TSN 


GM


End 


Station


UE


S M


M:    Port is in Master state


S:      Port is in Slave state


GM: Grand Master


UPF


5G air 


interface 


time 


information


5G 


GM 


gNB


M


Uu


M




5G System
PTP capable 
transport
NW
TSN GM
End Station
UE
S
M
M:    Port is in Master state
S:      Port is in Slave state
GM: Grand Master
UPF
5G air interface time information
5G GM
gNB
M
Uu
M






