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1	Introduction
SA2 Rel-17 calls for a new use case for TSN Grandmaster clocks supported within the context of TSN-5GS interworking wherein an end station connected to UE can serve as a TSN Grandmaster clock. This is a change from Rel-16 which only supports the use case where TSN Grandmaster clocks are located at end stations reachable through a UPF/NW-TT. This new Rel-17 use case involves two Uu interfaces in the 5GS path (i.e. 5GS ingress to the 5GS egress) over which a TSN Grandmaster clock is relayed. Considering that up to 540ns of uncertainty can be introduced by a single Uu interface as indicated by [1], supporting a 5GS path that includes two Uu interfaces will be problematic when the maximum allowed uncertainty allowed over the 5GS path is limited to 900ns per Table 5.6.2-1 of [2] (see Apendix also). As such, for the Rel-17 URLLC/IIoT WI, RAN1 should investigate possible enhancements in the following area:  
· Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]

[bookmark: _Ref178064866]2	Discussion
The delay experienced when sending a TSN Grandmaster clock over a 5GS path is to be measured using timestamping performed at the 5GS ingress and 5G egress points, thereby allowing the TSN Grandmaster to be updated to reflect the delay over the 5GS path. This timestamping based method is currently the only method for measuring 5GS path delay being considered within the scope of SA2 URLLC/IIoT SI and involves the following steps: 
· Timestamping is performed using a 5G system clock (5G reference time) made available to the 5GS point of ingress and 5GS point of egress. 
· Sending the 5G system clock from the gNB to any given UE introduces up to 540ns of uncertainty between this clock at the gNB relative to this same clock at the UE as indicated by [1]. 
· For the new Rel-17 use case where a TSN Grandmaster clock is at an end station connected to a first UE1 and needs to be relayed to an end station connected to a second UE2, the two Uu interfaces alone can introduce a combined uncertainty that exceeds the maximum 900ns allowed for the entire 5GS. 

A major contribution to the uncertainty introduced by the Uu interface occurs when the 5G system clock sent to a UE is adjusted to reflect the downlink propagation delay (PD). For the radio link, the propagation delay is estimated as half of the Timing Advance. Two alternative methods are possible for determining the downlink propagation delay value used to adjust the 5G  reference time:
Alternative 1. Legacy Timing Advanced based. The legacy Timing Advance procedure can be used for determining the downlink propagation delay, as shown in [1] and relevant contributions. This legacy procedure needs to be further evaluated to determine which corresponding sources of uncertainty can be mitigated towards satisfying the synchronicity requirement per Uu interface.  Details of this alternative are in Section 2.1. 

Alternative 2. Time-difference measurement based. This alternative procedure for timing advance calculation is based on two measurements, UE Rx – Tx time difference and gNB Rx – Tx time difference. Details of this alternative are in Section 2.2.

2.1	Determining Downlink PD Using the Legacy RTT Method
A major contribution to the uncertainty introduced by the Uu interface occurs when the 5G system clock sent to a UE is adjusted to reflect the downlink propagation delay (PD). The legacy Timing Advance procedure can be used for determining the downlink PD (i.e. PD = ½ the total Timing Advance adjustments a UE has made). This legacy procedure needs to be further evaluated to identify its sources of uncertainty and to determine which of these sources can be mitigated towards reducing the uncertainty per Uu interface to an acceptable level.  Note that even when considering lower values for the uncertainty introduced by a single Uu interface (e.g. 472ns) as shown in Table 1 below (extracted from Table 6.3.4.2-2 of [3]), it can be seen that a large portion of the 5GS uncertainty budget is consumed by this Rel-17 use case, resulting in the same concern about the need to identify and mitigate sources of uncertainty. RAN1 is likely the most appropriate WG for performing this evaluation.
Table 1: Summary of maximum timing synchronization error results 
with UE propagation delay compensation.
	
	15kHz SCS
	30kHz SCS
	60kHz SCS

	Source
R1-1900156 [21]
	488ns
	357.5ns
	276.5ns

	Source
R1-1901334 [22]
	505ns
	371ns
	287.5ns

	Source
R1-1900935 [23]
	472.5ns
	338.5ns
	

	Source
R1-1901252 [24]
	536ns
	438ns
	357ns
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[bookmark: _Ref23430276]Figure 1 TSN E2E Timing delivery case 2 – ingress at UE


An example of the Two Uu interface use case is illustrated in Figure 1 above, wherein two UEs can be connected to different gNBs, thereby introducing the potential for increased uncertainty compared to the case where each UE is connected to the same gNB.
The 5GS synchronicity budget requirement can be as low as 900ns in the most demanding TSN – 5GS integration use case (see Appendix and [6]) and represents the portion of the end-to-end synchronicity budget applicable to the entire 5G system (see blue box in Figure 1). The Uu interface synchronization error represents (a) the uncertainty of 5G reference time alignment between gNB1 antenna and UE1 antenna through OTA-S added to (b) the uncertainty of 5G reference time alignment between gNB2 antenna and UE2 antenna through OTA-S. The uncertainties related to each of (a) and (b) of the Uu interface are further discussed below.

2.1.1	Uncertainties related to UE acquisition of the 5G reference time: 
· (a) : The uncertainty due to the granularity of the 5G reference time indicated by the gNB as being applicable to the end of SFNx. Note that the indicated 5G reference time will have some uncertainty due to it not reflecting the actual 5G reference time value when the end of SFNx occurs at the gNB Antenna Reference Point (ARP).
· (b) The uncertainty with which a UE detects the end of SFNx (this is taken into account by considering the uncertainty introduced by (c) below).

2.1.2	Uncertainties related to UE determination of the downlink PD:
· (c) :  The uncertainty associated with UE downlink frame timing detection. As a worst case, a UE synchronizes to the DL using Sync Signal Block (SSB) received within the last 160 ms, where SSB contains information identifying specific DL frame and slot numbering. 
· If there are other DL reference signals available to the UE the uncertainty will be reduced compared to the worst case. 
· This uncertainty covers (b) above and therefore (b) need not be considered as a separate source of uncertainty.
· (d) : The combined uncertainty associated with UE receive error and UE transmit time error, where a UE performs transmission of UL frames after acquiring DL sync per (c) and applying the most recently received TA information (i.e. this uncertainty = “Te”)
· (e) : The uncertainty with which a gNB acquires UL frame timing, which affects how accurately it determines the difference between when an UL sub-frame has been received and when that sub-frame should have been received if the UE was perfectly time aligned (i.e. this uncertainty affects the value the gNB sends within a TA command).
· Currently there is no accuracy requirement defined for (e) in RAN4 specification. It is expected that RAN4 will define some accuracy requirement for "gNB Rx – Tx time difference" (or similar) in in near future. Thus, no definite values are available for the analysis of propagation delay compensation before that.
· (f) :  The uncertainty due to timing advance (TA) command granularity. Maximum value of this uncertainty is half of TA command granularity, i.e.,
 
in the existing NR specification where µ represents the applicable SCS.
·  (g) : The uncertainty due to “Timing Advance adjustment accuracy” performed by a UE, see section 7.3.2.2 of TS 38.133.

2.1.3	Determining Overall Uncertainty
The equation below is then used to determine the overall uncertainty introduced when a UE adjusts the value of the last received 5G reference time to take into account the downlink PD (= ½ the total of all TA adjustments it has made).



· When using this equation it is assumed that no UL-DL RF channel asymmetry exists. Otherwise, UL-DL asymmetry is another error source.
· In addition, if using legacy methods to convey 5G reference time and TA information to a UE, it is assumed that the downlink PD applicable to when the UE receives 5G reference time information is the same as when it receives the TA command used to determine the value for downlink PD (i.e. it is assumed that no appreciable change in the downlink radio path occurs between reception of 5G reference time and a TA command).

If we identify maximum values for (a), (c), (d), (e), (f) and (g) with values enhanced to reflect UE/gNB implementations applicable to the TSN – GM interworking use case then we can replace the worst case 540ns uncertainty (see Table 1) with a substantially reduced uncertainty for the 5G reference time relayed from a gNB to a UE. A value of 200ns is seen as a suitable target for this uncertainty (i.e. 400ns uncertainty when considering both Uu interfaces of the new Rel-17 use case) considering that other sources of uncertainty need to be accommodated within the scope of the 900ns 5GS uncertainty budget.
Proposal 1: 	RAN1 to adopt a target uncertainty goal of no more than 200ns for each instance of 5G reference time relayed from a gNB to a UE. 

2.2	Determining Downlink PD Using an Enhanced RTT Method
An alternate procedure for allowing a UE to determine a value for the downlink PD  is to make use of an enhanced RTT method that is based on the timing advance Type-1 measurement definition taken from LTE:
	TS 36.214:

Type1:
Timing advance (TADV) type 1 is defined as the time difference 

		TADV = (eNB Rx – Tx time difference) + (UE Rx – Tx time difference),
where the eNB Rx – Tx time difference corresponds to the same UE that reports the UE Rx – Tx time difference.




For NR, the following definition can be used by slightly modifying the existing definitions in TS 38.215 V16.2.0,  
· UE Rx – Tx time difference defined as TUE-RX – TUE-TX
· TUE-RX is the UE received timing of downlink subframe #i, defined by the first detected path in time.
· TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i.

· gNB Rx – Tx time difference defined as TgNB-RX – TgNB-TX
· TgNB-RX is the gNB received timing of uplink subframe #i containing a suitable SRS associated with UE, defined by the first detected path in time.
· TgNB-TX is the gNB transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE.

Similar to legacy RTT method (Section 2.1), the enhanced RTT method also provides propagation delay compensation using PD=1/2*TA, and the PD is then used for adjusting the 5G reference time value sent from a gNB to a UE.
The enhanced RTT method for TA determination has the benefit that the numerous error sources (uncertainties) listed in Section 2.1.2 are condensed into the uncertainty associated with the two measurement values used in the definition of the LTE Type 1 measurement described above. This has the potential to achieve better accuracy than the legacy TA method (Section 2.1) for propagation delay estimation. Additionally, this ensures that measurements and requirements motivated by the need for accurate TSN GM clock synchronization are fully independent of the legacy TA procedure, which was originally defined for the purpose of uplink data transmission. 
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Proposal 2:	Investigate whether the legacy RTT method or an enhanced RTT method is most suitable for determining the downlink propagation delay value, which is then used to adjust the 5G reference time value sent from a gNB to a UE. 
Proposal 3:	For the selected RTT method, identify the sources of uncertainty involved and potentially requiring mitigation to reach the 200ns uncertainty target.

Conclusion
In the previous sections we discussed the problem and potential solutions related to clock synchronization. The following proposals are made: 
Proposal 1: 	RAN1 to adopt a target uncertainty goal of no more than 200ns for each instance of 5G reference time relayed from a gNB to a UE. 
Proposal 2:	Investigate whether the legacy RTT method or an enhanced RTT method is most suitable for determining the downlink propagation delay value, which is then used to adjust the 5G reference time value sent from  a gNB to a UE. 
Proposal 3:	For the selected RTT method, identify the sources of uncertainty involved and potentially requiring mitigation to reach the 200ns uncertainty target.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556]R1-1901470, Reply LS on TSN requirements evaluation, RAN1, 3GPP TSG-RAN WG1 Ad-Hoc Meeting 1901 Taipei, Taiwan, January 21-25, 2019
3GPP TS 22.104 V17.3.0, Service requirements for cyber-physical control applications in vertical domains; Stage 1, SA1, 2020-07
TR 38.825 V16.0.0, Study on NR Industrial Internet of Things (IoT); Technical Report, RAN1, 2019-03
TS 36.214
TS 38.215
TS 22.104.


Appendix
The clock synchronization performance requirements for 5G system is described in TS 22.104 V17.3.0 (2020-07).
Table 5.6.2-1: Clock synchronization service performance requirements for 5G System
	User-specific clock synchronicity accuracy level 
	Number of devices in one Communication group for clock synchronisation
	5GS synchronicity budget requirement 
(note)
	Service area 
	Scenario

	1
	Up to 300 UEs
	≤900 ns 
	≤ 100 m x 100 m
	· Motion control
· Control-to-control communication for industrial controller

	2
	Up to 300 UEs
	≤900 ns 	
	≤ 1000 m x 100 m
	· Control-to-control communication for industrial controller

	3
	Up to 10 UEs
	< 10 µs
	≤ 2500 m2
	· High data rate video streaming

	3a
	Up to 100 UEs
	<1 µs
	≤10 km2
	· AVProd synchronisation  and packet timing

	4
	Up to 100 UEs
	<1  µs
	< 20 km2
	· Smart Grid: synchronicity between PMUs

	5
	Up to 10 UEs
	< 50 µs
	400 km
	· Telesurgery and telediagnosis

	NOTE:	The clock synchronicity requirement refers to the clock synchronicity budget for the 5G system, as described in Clause 5.6.1.
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