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Discussion and decision
1 Introduction

This contribution discuss the RAN2 responses to SA2 LS [1], and RAN1 LSs [2], as well as, further details required to convey timing information via RAN taken into consideration RAN2#104 related agreements:
· We reuse the LTE approach for time distribution by broadcast RRC as a baseline, Unicast is FFS 

2 Discussion

SA2 LS [1] informed about the conclusion to enable the TSN integration options allowing “5GS to be integrated as a black box”, and listed the TSN Time synchronization solutions for RAN2 to provide feasibility impacts and scalability from RAN perspective. For reference, Annex A includes a Table 1 including key points to highlight on each of those solutions, as well as, corresponding figures also captured on SA2 TR 23.734 for further clarification. Table 1 below aims to summarize foreseen impacts from RAN2 side including our view on the level of potential complexity: (  minimum, ( medium or ( major.
Table 1. NR/5G Impact (focusing on RAN2 aspect) of the TSN Time synchronization solutions
	Features
	Solution # in TR 23.734

	
	#11 opt.2
	#11 opt.3
	#11 opt.4
	#17
	#19
	#28

	Time via broadcast
	( Yes
	( Yes
	( Yes
	-
	-
	( Yes

	Time via unicast
	( Yes
	( Yes
	( Yes
	-
	-
	( Yes

	gPTP support in UE side
	-
	( Partially (1)
	-
	( Yes
	( Yes 
	( Yes

	UE behavior
	( UE acts as Master Clocks
	( UE acts as Master Clock & connects to a Translator
	( UE acts as Master Clock & can connect to a Translator
	( UE updates Tresidence in PTP header
	( UE updates Tresidence in PTP header
	( UE updates Tresidence in PTP header

	gPTP support in NW side
	( gNB connected to TSN GM
	-
	( UPF connected to TSN Bridge
	( UPF updates Tresidence in PTP header
	( UPF/gNB updates Tresidence in PTP header
	( UPF updates Tresidence in PTP header

	Others 
	-
	( gPTP msg sent over UP
	-
	( Deterministic QoS
	( Timestamp mark at PDCP
	( Deterministic QoS is an option


(1) The gPTP msg is carried within the data payload between UE and UPF. UE and UPF sends the corresponding message (and any required information) to the translator/adaptor which updates the timing information as needed.
The analysis above also takes into consideration RAN2 preference indicated on LS [3], i.e. "from RAN perspective it is preferential to reuse the current QoS framework and TSN integration options allowing that (e.g. “5G as a black box”) are preferred". 
Major impacts ( are identified in solution #17, #19 and #28 that have to calculate the residence time and later compensate the gPTP header accordingly in UE, gNB and/or UPF, in solution #19 that requires including a new timestamps at PDCP layer, and in solution #11 option 3 that requires carrying gPTP packets over UP and forwarding them to the corresponding Translator/adaptor. Medium impacts ( are identified in solution 11 options 2 and 4 that require the gNB or UPF to support some level of gPTP functionality and in solution #17 (and potentially even #28) that requires the specification of a deterministic QoS (with symmetric delays are assumed for both UL and DL). On this last point, it is also important to consider RAN1 input on LS [2] that explains that "deterministic RAN-UE delay required by Solution #17 presents feasibility challenges". Minor impacts ( are mainly identified in those solutions that require enabling RRC unicast/broadcast signaling to convey time information.
On summary, solution #11 options 2 and 4 look to be the least impacted from RAN2 side. Moreover taken into consideration the details of these solutions, it would be important for RAN2 to confirm the captured FFS on the need to enable the corresponding unicast signaling to convey the timing information.
Observation 1. Table 1 provides a summary of the foreseen impacts where solution #11 option 2 and 4 are those with the least impacts considering that other solutions may require e.g. UE/RAN understand gPTP msg., calculate the residence time to be updated in the gPTP header, definition of new deterministic QoS (with symmetric delay in DL and UL) or marking of time stamp at PDCP level.

Proposal 1. Inform SA2 that solution #11 options 2 and 4 look to introduce the least impacts from RAN2 side.
Moreover SA2 TR 23.734 describes how both solution #11 options 2 and 4 would require the usage of both unicast and broadcast signaling, see below some of those references:

"Option 2: 5G RAN conveying timing to the UE that acts as boundary master clocks towards connected TSN device via 5G specific signalling via 5G broadcast/5G unicast RRC. The 5G RAN indicates time associated with a specific point (e.g. start of frame boundary) of 5G RAN’s fine-frame structure. In case of multiple clock domains, 5G RAN using broadcast signalling can convey timing information associated with all clock domains to UE or 5G RAN using unicast signalling can convey timing information associated with a subset of clock domains."

"Quality of supported clocks may have impact to usage of RRC (and SIB) resources, because obtaining required precision for external clock may need quite frequent time information updates over Uu. For instance, if frequency offset of TSN GM of stratum-4 class is 32 ppm related to 5G GM, clock drift is 32 µs per second at worst case. In order to meet 1µs accuracy, the time information update interval needs to be five times shorter than 160ms period for SIB, thus either RRC signalling is required in this case or the spec needs to be updated to allow shorter SIB periods. If accuracy class of TSN GM is stratum-3 (4.6 ppm), then SIB signalling is sufficient with the existing 160ms period."

Therefore RAN2 could already address the related FFS on the unicast mechanism to distribute the time information.

Observation 2. For solution #11 options 2 and 4, the unicast and broadcast RRC signaling is required to distribute timing information (similar LTE approach could be considered).
3 Conclusion

The observations captured are the following:
Observation 1.
Table 1 provides a summary of the foreseen impacts where solution #11 option 2 and 4 are those with the least impacts considering that other solutions may require e.g. UE/RAN understand gPTP msg., calculate the residence time to be updated in the gPTP header, definition of new deterministic QoS (with symmetric delay in DL and UL) or marking of time stamp at PDCP level.
Observation 2.
For solution #11 options 2 and 4, the unicast and broadcast RRC signaling is required to distribute timing information (similar LTE approach could be considered).

The proposals captured are the following:
Proposal 1.
Inform SA2 that solution #11 options 2 and 4 look to introduce the least impacts from RAN2 side.
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5 Annex A

This Annex A includes explanatory figures captured on SA2 TR 23.734 for the solution listed in SA2 LS [1]. This diagrams aim to depicts the expected solution behaviour on the distribution of TSN and 5GC times.

Table 2. Key aspects on TSN Time synchronization solutions based on SA2 TR 23.734
	Solution #
	Solution details in TR 23.734

	#11 opt.2
	Time synchronization with external clock mode approach 

· Broadcast/Unicast RRC signaling used to convey timing information (including potentially information of multiple clocks).

· NG-RAN is synchronized with the TSN GM via transport network and TSN GM through underlying PTP capable transport network by using (g)PTP as it is makes the 5G system to look like a time aware relay.

	#11 opt.3
	One time-aware relay implemented with Solution#8 5G RAN is unaware of the TSN

· The timing info. from gPTP msg is carried to UE as data payload from UPF. Then the translator/adaptor would update the timing information as needed.

· The 5G internal system clock will keep network elements synchronized so that the timestamping of the gPTP event messages is done correctly by the translator/adaptor.

· It is a type of "distributed boundary clock", or in a 802.1AS term "distributed time-aware relay".

	#11 opt.4
	Multiple time domains merged into one domain using 5G clock

· A single clock domain is sufficient therefore all connected domains are locked to the 5GS clock (i.e. same universal time). 

· Each interface of the 5G system is seen by the connected TSN networks and by the End stations, as separate GMs. Each of them is operating in independent gPTP domains, but providing the same time to all the connected networks.

	#17
	Deterministic Delay QoS Class for Time Sync support

· 5GS gives deterministic delays between UPF and UE (i.e. residence time). It is assumed symmetric air delay and backhaul delay.

· 5GS can make proper correction of the PTP header’s “correctionField” with the residence time.

	#19
	Time synchronization between UE and TSN
· 5GS transparently pass the external PTP message through and makes proper correction of the PTP header’s “correctionField” with the known residence time.

· It is required that (1) UPF is synchronized with TSN GM T1, and (2) UE, NG-RAN, UPF are synchronized with 3GPP GM T2.

· UPF (or UE) sends gPTP packet to the DL (or UL) marking time stamps at both PDU layer (T) and transport layer (t). E.g. transport layer can be GTP layer between UPF and RAN, and PDCP layer between RAN and UE.

	#28
	TSN via multiple CLK domains

· 5GS acts as transparent clock with independent internal clock achieving common concept of time between UEs and UPF.

· 5GS transparently pass the external PTP message through and makes proper correction of the PTP header's "correctionField" with the known residence time


Solution #11 option 2 in TR 23.734, time synchronization with external clock mode approach:
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Figure 6.11.1-1 in TR 23.734: Overview for time synchronization with external clock mode approach (option 2)

Solution #11 option 3 in SA2 TR 23.734, one time-aware relay implemented with Solution#8:
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Figure 6.11.1-2 in TR 23.734: 5G system is modelled as one time-aware relay using solution#8

Solution #11 option 4 in TR 23.734, multiple time domains merged into one domain using 5G clock:
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Figure 6.11.1-3 in TR 23.734: Different time domains are merged into one time domain
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Figure 6.11.1-4 in TR 23.734: An implementation option of figure 3 using blackbox model mentioned in Solution#8

Solution #17 in TR 23.734, Deterministic Delay QoS Class for Time Synchronization Support of 3GPP Network:
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Figure 6.17.1-1 in TR 23.734: Example of Time synchronization with Deterministic Delay QoS in Link Model
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Figure 6.17.1-2 in TR 23.734: Example of Delay Measurement in a Deterministic and Symmetric Delay Link
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Figure 6.17.1-3 in TR 23.734: Example of Time synchronization with Deterministic Delay QoS in Bridge Model
Solution #19 in TR 23.734, Time synchronization between UE and TSN:
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Figure 6.19.1-1 in TR 23.734: Architecture of time synchronization

[image: image9.png]PDU layer time stamp.
UpPE UE marking with T

Tisend Trmspertiorstme
t1send mp marking wi

2 receive

lt2 receive

T3 send

5 send
Tasend
tasend

TsynesTlocakToffset




Figure 6.19-2 in TR 23.734: Solution for UE and TSN time synchronization

Solution #28 in TR 23.734, TSN Time Synchronization Considering Multiple Clock Domains:
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Figure 6.28.2-1 in TR 23.734: 5GS as Transparent Clock
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Figure 6.28.2-2 in TR 23.734: Solution #28.1: Delay correction based on the fixed residence time within 5GS transparent clock
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Figure 6.28.2-3 in TR 23.734: Solution #28.2A Delay correction based on the measurement of variable residence time within 5GS transparent clock with the signalling of ingress time t0
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Figure 6.28.2-4 in TR 23.734: Solution #28.2B Delay correction based on the measurement of variable residence time within 5GS transparent clock with the signalling of targeted egress time t1
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