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1  Introduction

The SID of NR Industrial Internet of Things (IoT were approved in RAN#81 [1]. In which, the following objective is included:
	1)  L2/L3 enhancements:

...
2)  Time Sensitive Networking related enhancements:

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

b) Enhancements (e.g. for scheduling) to satisfy QoS for wireless Ethernet when using TSN traffic patterns as specified in TR 22.804 (RAN2/RAN1). Note: RAN2 to start the work, RAN1 to take action based on RAN2 progress.

...


In RAN2 #103bis, the following agreements is approved [2]:

	Agreements for the SA2 LS reply

From RAN2 perspective: 

1   We prefer Black Box approach and will indicate this to SA2.

2   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


In RAN2 #104, the following agreements is approved [3]:

	R2-1818779 TP on TSN requirements  Nokia, Nokia Shanghai Bell   pCR   Rel-16  38.825  0.0.0  FS_NR_IIOT

· Agreed

· 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



In RAN1 #Ad-Hoc Meeting 1901, the following contents in LS is approved and send to RAN2 [4]:

	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.


In this contribution, we will further discuss the remaining FFS related to accurate reference riming delivery in Time Sensitive Networking.
2  Discussion
#Issue 1: FFS of finer granularity than 0.25us

In the TP on TSN requirements agreed in RAN2#104 meeting, the Clock synchronization service performance requirements between UEs based on TR 22.804 are agreed as in Table 1[5].
Table 1 Clock synchronisation service performance requirement [5]

	Clock  synchronicity accuracy level 
	Number of devices in one Communication group for clock synchronisation
	Synchronisation clock synchronicity requirement 
	Service area 

	1
	Up to 300 UEs
	< 1 µs
	≤ 100 m2

	2
	Up to 10 UEs
	< 10 µs
	≤ 2500 m2


Editor’s note: It is FFS (to be confirmed by SA1/SA2) whether <1 us synchronicity requirement is meant for both intra- and inter-gNB cases and whether <1 us synchronicity requirement is meant for UE to UE synchronization in addition to UE to gNB synchronization.
But in the latest TS 22.104, the Clock synchronisation service performance requirements are updated as in Table 2[6].

Table 2 Updated Clock synchronisation service performance requirement [6]

	User-specific clock synchronicity accuracy level
	Number of devices in one Communication group for clock synchronisation
	Clock synchronicity requirement 
	Service area 

	1
	Up to 300 UEs
	< 1 µs
	≤ 100 m x 100 m

	2
	Up to 10 UEs
	< 10 µs
	≤ 2500 m2

	3
	Up to 100 UEs
	< 1 µs
	< 20 km2


             NOTE 4:
The required precision of ≤ 1 µs is between the sync master and any device of the clock domain.

Observation 1: As the old synchronicity requirement is a bi-direction synchronization between UE and UE while the new requirement is a single-direction synchronization between UE and master clock, we think the new requirement are simpler and easier for RAN. 
Also the TP on TSN requirements agreed in RAN2#104 meeting should be updated to align with the updated Clock synchronisation service performance requirements.

Proposal 1: RAN2 needs to update the TP on TSN requirements to align with the updated Clock synchronisation service performance requirement shown in table 2.
It is already agreed in RAN2 #104meeting that reusing the LTE approach for time distribution by broadcast RRC as a baseline. Considering that the time field in LTE TimeReferenceInfo-r15 IE indicates the time at the ending boundary of the SFN, the Uu synchronization accuracy (e.g. the SFN boundary alignment between UE and gNB) would impact the UE time accuracy. According to the RAN1 reply LS on TSN requirements evaluation [4], we can conclude that the timing synchronization error between a gNB and a UE will be no worse than 540ns for Rel-15 NR with 15kHz SCS, and the synchronization accuracy (e.g. timing synchronization error between a gNB and a UE) would increase when using higher SCS. Thus, we can further evaluate the time granularity with assumption of 540ns Uu synchronization accuracy. .

Taken into account that the propagation delay compensation have already been considered in RAN1 TSN requirements evaluation [4], the propagation delay compensation need not to be considered in time granularity evaluation.
Considering that the new synchronization requirement is between the sync master and any device of the clock domain, then whether the inter-gNB case is included is not relevant. That’s, we should only consider the factors of synchronization accuracy between gNB and UE, time granularity and synchronization accuracy between gNB and sync master. 
Then we have the following formula for evaluating the synchronization accuracy between the sync master and any device: synchronization accuracy between the sync master and any device = the synchronization accuracy between gNB and UE + time granularity + synchronization accuracy between gNB and sync master.

Based on the agreed LS from RAN3 [7], the maximum absolute time error (TE) between TSN GM clock and gNB is shown in Table 3 and it shows 100ns synchronization accuracy between gNB and the sync master can be achieved anyway:

Table 3 The maximum absolute time error (TE) between TSN GM clock and gNB[7]
	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. 


Based on these information, we firstly conclude that, in order to satisfy the most stringent items in new synchronization requirement of “<1 us within 100 m x 100 m or 20 km2 service area”, “540ns + time Granularity + 100ns <1us” need to be satisfied. Then we can deduce that only time Granularity less than 360ns is needed. That means, the current 0.25us granularity is enough.

Observation 2: Based on the RAN1 reply LS on TSN requirements evaluation and RAN3 reply LS on TSN requirements evaluation, we can deduce that the current 0.25us time granularity is enough to satisfy the new synchronization requirement of “<1us within 100 m x 100 m or 20 km2 service area”. 

As the most stringent items in new synchronization requirement of “<1us within 20 km2 service area” can be satisfied with the 0.25us time granularity, the synchronization requirement of “<10us within 2500 m2 service area” can be easily satisfied.
Proposal 2: The time granularity of 0.25us can be reused for NR-IIoT 
#Issue 2: FFS of whether to support time distribution by Unicast

In the LTE Rel-15 discussion on Provision of Time Reference, the intention to support unicast time delivery (e.g. by dedicated RRC signaling DLInformationTransfer) is mainly for security (e.g. to avoid the UE behaviour being disturbed by faking time information). We think the security issue may still need to be considered in NR-IIoT, so the unicast time delivery should be supported in NR-IIoT.

Proposal 3: The Time distribution by Unicast (e.g. by dedicated RRC signaling) should be supported in NR-IIoT.
3  Conclusions

In this contribution, we have discussed some remaining issues related to accurate reference timing delivery in Time Sensitive Network. We make the following observations and proposals:

Observation 1: As the old synchronicity requirement is a bi-direction synchronization between UE and UE while the new requirement is a single-direction synchronization between UE and master clock, we think the new requirement are simpler and easier for RAN. 

Observation 2: Based on the RAN1 reply LS on TSN requirements evaluation and RAN3 reply LS on TSN requirements evaluation, we can deduce that the current 0.25us time granularity is enough to satisfy the new synchronization requirement of “<1us within 100 m x 100 m or 20 km2 service area”. 

Proposal 1: RAN2 needs to update the TP on TSN requirements to align with the updated Clock synchronisation service performance requirement shown in table 2.
Proposal 2: The time granularity of 0.25us can be reused for NR-IIoT 
Proposal 3: The Time distribution by Unicast (e.g. by dedicated RRC signaling) should be supported in NR-IIoT.
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