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1. Introduction
At the RAN2 #103bis meeting, a LS [1] from SA2 was discussed and following agreements were achieved [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 addition, it was agreed to send a LS [3] to other WGs to ask performing an analysis of whether NR can meet the requirements to support TSN networks as outlined in TR 22.804 clause 8.1 [4]. In the LS, RAN2 asked SA2 to provide the feedback on whether < 1 us synchronicity requirement is meant for both intra- and inter-gNB cases.
In this contribution, we analyse whether high time synchronisation accuracy <= 1us can be achieved for both intra- and inter-gNB cases based on Rel.15 NR mechanism and requirements from gNB and UE point of view. Then, possible enhancements are also discussed. 
2. Discussion
2.1. Synchronisation inaccuracy factors
The clock synchronisation service and performance requirements are specified in TR 22.804 section 8.1.6 [4]. In this contribution, we focus on the Nsd.Csy.2, to achieve <= 1us time synchronisation requirement between UEs by the help of 5G system to let the UEs be synchronised to a common time source, such as UTC or GPS time. Then UEs can be synchronised according to the universal time. As shown in Figure 1, to synchronize with a common time source, at first, UEs need to synchronise to the gNB and get the frame timing for both downlink and uplink transmissions. Second, UEs need to get the accurate time information from the common time source delivered by the gNB. In the following, the factors impacting on the synchronisation accuracy are analysed based on following two steps:
1. Analyse an accuracy on downlink/uplink frame timing alignment
2. Analyse an accuracy on time reference information delivery from gNB to UE
It is noted that there is inaccuracy caused by the synchronisation error between the gNB and external clock. For example, IEEE 1588 PTP provides the synchronisation with an error of up to 100ns as the requirement [5]. The synchronisation accuracy between the gNB and external clock highly depends on the gNB implementation. 
[image: ]
Figure 1: illustration on sync between UEs through NW

2.1.1 Accuracy on downlink/uplink frame timing alignment
The inaccuracy on downlink/uplink frame timing alignment is caused by the following factors.
1. Time alignment error at the gNB transmitter
2. Timing error at the UE detection/reception
3. Time delay caused by the propagation
In the following, each factor causing time synchronisation inaccuracy is analysed based on the current specifications.
2.1.1.1 Time alignment error at the gNB transmitter 
Requirement of time alignment error at the gNB transmitter is specified in TS38.104 [6]. This requirement applies to frame timing in TX diversity, MIMO transmission, carrier aggregation and their combinations. For the synchronisation, it can be assumed that timing error at the gNB transmitter is not more than 65 ns which is the strictest requirement.
[bookmark: _Toc526338462]6.5.3.2	Minimum requirement for BS type 1-C and 1-H
For MIMO or TX diversity transmissions, at each carrier frequency, TAE shall not exceed 65 ns.
For intra-band contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 260ns.
[bookmark: OLE_LINK264][bookmark: OLE_LINK265]For intra-band non-contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 3µs.
For inter-band carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 3µs.

2.1.1.2 Timing error at the UE detection/reception
Timing error caused by UE detection/reception is not specified. However, it can be inferred from the requirement of UE transmit timing and TA adjustment accuracy specified in TS 38.133 [7]. The requirement of UE initial transmit timing error represents the uplink transmission timing error of a UE in a DRX cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission. It includes the detecting error of downlink signal and TA adjustment accuracy by the UE and hence, the timing error at the UE detection/reception could be the transmit timing error – TA adjustment error. Requirement of UE transmit timing error and TA adjustment accuracy are shown in the following tables.
Table 7.1.2-1: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of uplink signals s(KHz)
	Te

	1
	15
	15
	[12]*64*Tc

	
	
	30
	[10]*64*Tc

	
	
	60
	[10]*64*Tc

	
	30
	15
	[8]*64*Tc

	
	
	30
	[8]*64*Tc

	
	
	60
	[7]*64*Tc

	2
	120
	60
	[3.5]*64*Tc

	
	
	120
	[3.5]*64*Tc

	
	240
	60
	[3]*64*Tc

	
	
	120
	[3]*64*Tc

	NOTE 1:	Tc is the basic timing unit defined in TS 38.211
Editor’s note: The final values of Te for 120KHz SSB SCS are subject to further discussions in further meeting, and may not be outside 3*64*Tc to 3.5*64*Tc.



Table 7.3.2.2-1: UE Timing Advance adjustment accuracy
	Sub Carrier Spacing, SCS kHz
	15
	30
	60
	120

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc



2.1.1.3 Time delay caused by propagation
In the TR 22.804 Table 8.1.6.2, 1µs synchronisation clock synchronicity requirement is made for the service area of <100m2. Corresponding to the service area, propagation delay is about 33ns. However, the corresponding use case is Electric Power Distribution and hence, larger service area makes more sense. In addition, it is also beneficial to understand the time delay caused by the propagation for other use cases requiring large service area. 
For each UE, Timing Advance (TA) in a TA command is applied to compensate for the time delay caused by propagation. By this, UEs can estimate the propagation delay from the gNB. For example, if the applied TA value is TA, then the propagation delay equals TA/2. If the TA accuracy is high enough, the time delay caused by propagation can be compensated by the UE by using the TA value in principle. 
However, TA has a certain amount of inaccuracy, which is caused by: 
1. Inaccuracy of UE transmitting
2. Inaccuracy of gNB detection
3. Inaccuracy of TA indication, a.k.a granularity of TA command
Requirement of timing error of UE transmitting is specified in TS 38.133 [7] as explained in the above section. Requirement of timing error of gNB detection is purely implementation and is not specified. Generally, accuracy of gNB detection should be higher than UE detection. For simplicity, it is assumed that inaccuracy caused by gNB detection is the same as or smaller than that of UE detection which is given in the above section.

TA value is sent in TA command and according to TS 38.213 [9], granularity of TA value is . Table 1 summarizes the inaccuracy caused by TA indication for different SCS.
Table 1 Timing error caused by TA indication
	
	Different SCS (kHz)
(unit: ns)

	
	15kHZ
	30kHz
	60kHz
	120kHz

	Granularity of TA indication
	520
	260
	130
	65

	Timing error caused by TA indication
	260
	130
	65
	32


2.1.2 Accuracy analysis on time reference information delivered by gNB
According to the current specifications, UTC is delivered by NR SIB9 with 10ms unit, which will cause time inaccuracy of 5ms [8]. Obviously, time reference information with 10ms granularity cannot meet the <1us time synchronisation requirement. 
In Rel-15 LTE HRLLC WI, time reference information with 0.25μs granularity in LTE SIB16 and RRC dedicated signalling was introduced to support accurate time synchronisation. If similar mechanism is used in NR, time inaccuracy caused by time reference information delivery will be largely reduced to 125ns.
2.1.3 Total time inaccuracy
Based on above analysis, the total time inaccuracy in clock synchronisation is summarized in the following table.
Table 2 Timing error in clock synchronisation
	Factors
	Timing error type
	Requirement for different SCS (kHz)
(unit: ns)

	
	
	15
	30
	60
	120

	1
	Inaccuracy caused by downlink/uplink frame timing alignment

	1.1
	Time alignment error of gNB transmitter
	65
	65
	65
	65

	1.2
	Inaccuracy caused by UE detection 
	261
	260
	163
	98

	1.3
	Inaccuracy caused by propagation delay when propagation delay is decided from TA. (1.3.1+1.3.2+1.3.3)/2
	521
	325
	260
	130

	1.3.1
	Inaccuracy of UE transmitting
	391
	260
	228
	114

	1.3.2
	Inaccuracy of gNB detection
	391
	260
	228
	114

	1.3.3
	Inaccuracy caused by TA indication
	260
	130
	65
	32

	1.4
	Inaccuracy caused by propagation delay when considering 100m2 service area
	33
	33
	33
	33

	2
	Inaccuracy caused by time reference information delivery from gNB to UE (Note1)
	125
	125
	125
	125

	3
	Inaccuracy caused by the synchronisation between the gNB and external clock
	100
	100
	100
	100

	Total inaccuracy for 100m2 service area, (i.e., TA=0)
	Intra-gNB (2*(1.1+1.2+1.4+2))
	968
	966
	772
	642

	
	Inter-gNB (2*(1.1+1.2+1.4+2+3))
	1168
	1166
	972
	842

	Total inaccuracy for larger service area 
	Intra-gNB (2*(1.1+1.2+1.3+2))
	1944
	1550
	1226
	836

	
	Inter-gNB (2*(1.1+1.2+1.3+2+3))
	2144
	1750
	1426
	1036

	Note1: It is assumed that the granularity for time reference information is 0.25.



From the table, following can be observed assuming the granularity for time reference information in NR is 0.25μs.
· The timing inaccuracy caused by UE and gNB detection, UE transmitting and TA indication is reduced along with the increase of SCS.
· To support 100m2 service area assuming the time delay inaccuracy caused by propagation is 33ns, no more than 1μs clock synchronisation requirement cannot be met for inter-gNB case for 15, 30KHz SCS.
· To support larger service area using current TA granularity, no more than 1μs clock synchronisation requirement cannot be met for intra-gNB case for 15, 30, 60kHz SCS and inter-gNB case for all SCS.
Observations: 
· The time reference information with 10ms granularity in NR SIB9 cannot meet no more than 1μs clock synchronisation requirement. 
· The time inaccuracy from downlink/uplink frame timing alignment is reduced along with the increase of SCS.  
· 1μs clock synchronisation requirement cannot be met for intra-gNB case for 15, 30, 60kHz SCS and inter-gNB case for all SCS by current TA granularity.
2.2. Enhancements to improve the time synchronisation accuracy
It is obvious that the time reference information delivered by current NR SIB9 is not sufficient. Therefore, similar mechanism as LTE HRLLC can be used for NR IIOT. That is, at least time reference information with finer granularity e.g. 0.25µs granularity via SIB9 should be supported in NR. Whether finer granularity than 0.25µs is necessary depends on the use case and the how much timing inaccuracy reduction can be achieved by other factors. Table 3 gives the total time inaccuracy for 0.25us, 0.1us and 0.01us granularity of time reference information. In addition to the broadcast time information delivery, unicast solution, i.e., dedicated RRC signalling to convey the time reference information should be supported as well to ensure security and authorization especially for local and private network e.g. factory. Besides the finer granularity, an inaccuracy indication can be optionally sent by gNB so that a UE can ensure a certain maximum inaccuracy that applies to the received time synchronisation value in order to reliably perform a function. 
Table 3 Time inaccuracy under different granularity of time reference information
	Granularity
	Case
	Requirement for different SCS (kHz)
(unit: ns)

	
	
	15
	30
	60
	120

	0.25us
(12bits)
	Total inaccuracy when considering 100m2 service area
	Intra-gNB 
	968
	966
	772
	642

	
	
	Inter-gNB 
	1168
	1166
	972
	842

	
	Total inaccuracy when propagation delay is decided by TA
	Intra-gNB
	1944
	1550
	1226
	836

	
	
	Inter-gNB 
	2144
	1750
	1426
	1036

	0.1us
(14bits)
	Total inaccuracy when considering 100m2 service area
	Intra-gNB 
	818
	816
	622
	492

	
	
	Inter-gNB
	1018
	1016
	822
	692

	
	Total inaccuracy when propagation delay is decided by TA
	Intra-gNB 
	1794
	1400
	1076
	686

	
	
	Inter-gNB 
	1994
	1600
	1276
	886

	0.01us
(17bits)
	Total inaccuracy when considering 100m2 service area
	Intra-gNB 
	728
	726
	532
	402

	
	
	Inter-gNB
	928
	926
	732
	602

	
	Total inaccuracy when propagation delay is decided by TA
	Intra-gNB 
	1704
	1310
	986
	596

	
	
	Inter-gNB 
	1904
	1510
	1186
	796



Proposal 1:
· Support finer granularity of the time reference information for NR SIB9. 
· 0.25us granularity can be starting point, FFS finer granularity than 0.25us
· Support UE-dedicated RRC signalling to deliver the time reference information in addition to broadcast transmission.
In addition to the granularity of time reference information, other possible enhancements can be considered. For example: UE detection of frame timing accuracy should be improved which maybe implementation specific; for UE applications that require accurate synchronisation or universal time information, the effect of the propagation delay should be considered which is related to whether and how to reduce TA transmission/adjustment delay, whether finer TA granularity is necessary especially for 15KHz and 30KHz SCS. In addition, the impacts from NR specific architecture and/or features like different CU-DU split options, dynamic switch between normal UL and SUL for UL transmission should be taken into account when deliver the time reference information to the UE.
Proposal 2: 
· Further enhancements to improve the time synchronisation mechanism between UE and gNB need to be studied with taking NR-specific architecture/features into account.
· FFS the enhancements on the granularity and transmission/adjustment for TA command. 
· FFS the impacts on the time synchronisation accuracy from following aspects:
· NR RAN specific architecture e.g., delay caused by different CU-DU split options 
· NR specific features, e.g., BWP switching, UL/SUL switching, CA/DC etc.

3. Summary and proposal
In this contribution, clock synchronisation accuracy based on current NR system is analysed and possible enhancements are discussed to improve the accuracy of time information delivered by the network and synchronisation accuracy between the UEs. The observations and proposals are summarized as following: 
Observations: 
· The time reference information with 10ms granularity in NR SIB9 cannot meet no more than 1μs clock synchronisation requirement. 
· The time inaccuracy from downlink/uplink frame timing alignment is reduced along with the increase of SCS.  
· 1μs clock synchronisation requirement cannot be met for intra-gNB case for 15, 30, 60kHz SCS and inter-gNB case for all SCS by current TA granularity.
Proposal 1:
· Support finer granularity of the time reference information for NR SIB9. 
· 0.25us granularity can be starting point, FFS finer granularity than 0.25us
· Support UE-dedicated RRC signalling to deliver the time reference information in addition to broadcast transmission.
Proposal 2: 
· Further enhancements to improve the time synchronisation mechanism between UE and gNB need to be studied with taking NR-specific architecture/features into account.
· FFS the enhancements on the granularity and transmission/adjustment for TA command. 
· FFS the impacts on the time synchronisation accuracy from following aspects:
· NR RAN specific architecture e.g., delay caused by different CU-DU split options 
· NR specific features, e.g., BWP switching, UL/SUL switching, CA/DC etc.
4. References
[1] S2-189051, LS on TSN integration in the 5G System
[2] Draft Report of 3GPP TSG RAN2#103bis meeting, Chengdu, China
[3] R2-1816043, LS on TSN requirements evaluation, 3GPP RAN2#103bis, Chengdu, China, 08th – 12th October 2018
[4] 3GPP TR 22.804 v16.1.0, Study on Communication for Automation in Vertical Domains
[5] IEEE802.1AS-Rev, Timing and Synchronization for Time-Sensitive Applications
[6] 3GPP TS 38.104 v15.3.0, Base Station (BS) radio transmission and reception
[7] 3GPP TS 38.133 v15.3.0, Requirements for support of radio resource management
[8] 3GPP TR 38.331 v15.3.0, Radio Resource Control (RRC) protocol specification
[9] 3GPP TS 38.213 v15.3.0, Physical layer procedures for control

5. Appendix 
5.1 TP on TSN performance evaluation and aaccurate refernce timing provision
<START OF TP>
[bookmark: _Toc525833416]6	Time Sensitive Networking
[bookmark: _Toc525833417]6.1	General
This section contains explanation on what TSN networking is and how it can be supported using 5G/NR technologies as well as analysis of the potential TSN specific enhancements of NR such has accurate reference timing delivery, QoS/scheduling enhancements and Ethernet header compression. It also contains an evaluation of NR with respect to performance and synchronization accuracy requirements as defined in [3].
[bookmark: _Toc525833418]6.2	TSN use cases, scenarios and architectures
Editor’s note: RAN3 responsibility
[bookmark: _Toc525833419]6.3	TSN performance evaluation
[bookmark: _Toc525833420]6.3.1	Requirements
Editor’s note: RAN2 responsibility
The clock synchronisation service and performance requirements are specified in TR 22.804 section 8.1.6 [4].
[bookmark: _Toc525833421]6.3.2	Physical layer aspects
Editor’s note: RAN1 responsibility
For Nsd.Csy.2, 5G system is letting the UEs be synchronised to a common time source, such as UTC or GPS time. Then UEs can be synchronised according to the universal time. As shown in Figure 1, to synchronize with a common time source, at first, UEs need to synchronise to the gNB and get the frame timing for both downlink and uplink transmissions. Second, UEs need to get the accurate time information from the common time source delivered by the gNB. 
[image: ]
Figure x: illustration on sync between UEs through NW

In the following, each factor causing time synchronisation inaccuracy is analysed based on the current specifications.
Synchronisation inaccuracy is an accumulation of following two factors:
1.	Inaccuracy on downlink/uplink frame timing alignment
2.	Inaccuracy on time reference information delivery from gNB to UE

The first factor, inaccuracy on downlink/uplink frame timing alignment, is caused by the following factors.
a) Time alignment error at the gNB transmitter
b) Timing error at the UE detection/reception
c) Time delay caused by the propagation
For 1.1, Requirement of time alignment error at the gNB transmitter is specified in TS38.104 [6]. This requirement applies to frame timing in TX diversity, MIMO transmission, carrier aggregation and their combinations. For the synchronisation, it can be assumed that timing error at the gNB transmitter is not more than 65 ns which is the strictest requirement.
For 1.2, Timing error caused by UE detection/reception is not specified. However, it can be inferred from the requirement of UE transmit timing specified in TS 38.133 [7]. The requirement of UE initial transmit timing error represents the uplink transmission timing error of a UE in a DRX cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission. It mainly includes the detecting error of downlink signal by the UE.
For 1.3, each UE can estimate the propagation delay from the gNB taking advantage of timing advance (TA). For example, if the applied TA value is TA, then the propagation delay equals TA/2. If the TA accuracy is high enough, the time delay caused by propagation can be compensated by the UE by using the TA value in principle. However, TA has a certain amount of inaccuracy, which is caused by (1) inaccuracy of UE transmission, (2) inaccuracy of gNB detection, and (3) inaccuracy due to granularity of TA command. Requirement of timing error of UE transmitting is specified in TS 38.133 [7] as explained in the above section. Requirement of timing error of gNB detection is purely implementation and is not specified. Generally, accuracy of gNB detection should be higher than UE detection. For simplicity, it is assumed that inaccuracy caused by gNB detection is the same as or smaller than that of UE detection which is given in the above section. TA value is sent in TA command and according to TS 38.213 [9], for a SCS of 2μ•15kHz, the granularity of TA value is 16*64*Tc/2μ. 
The second factor, inaccuracy on time reference information delivery from gNB to UE, is caused by the insufficient accuracy of time reference information provided by system information. In NR, timeReferenceInfo, which provides a time reference information can be delivered by SIB9. However, time reference information delivered by current NR SIB9 is not sufficient. timeInfoUTC in timeReferenceInfo in the SIB9 counts the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900. Therefore, inaccuracy is 5ms, which is clearly much larger than the requirement. In order to resolve this, similar mechanism as LTE HRLLC can be used for NR IIOT. That is, at least time reference information with finer granularity e.g. 0.25µs granularity via SIB9 can be supported in NR. Whether finer granularity than 0.25µs is necessary depends on the use case and the how much timing inaccuracy reduction can be achieved by other factors, details on the accurate reference timing provisioning are discussed in section 6.4. 
Table x summarizes the total time inaccuracy with 0.25μs, 0.1μs and 0.01μs granularity of time reference information for various SCS. Such higher granularity of time reference information can be conveyed via system information or dedicated RRC signalling to ensure security and authorization. If dedicated RRC signalling is supported, related UE capability needs to be defined. Besides the finer granularity, an inaccuracy indication can be optionally sent by gNB so that a UE can ensure a certain maximum inaccuracy that applies to the received time synchronisation value in order to reliably perform a function.
Table x Timing error in clock synchronisation
	Factors
	Timing error type
	Requirement for different SCS (kHz)
(unit: ns)

	
	
	15
	30
	60
	120

	1
	Inaccuracy caused by downlink/uplink frame timing alignment

	1.1
	Time alignment error of gNB transmitter
	65
	65
	65
	65

	1.2
	Inaccuracy caused by UE detection 
	261
	260
	163
	98

	1.3
	Inaccuracy caused by propagation delay when propagation delay is decided from TA. (1.3.1+1.3.2+1.3.3)/2
	521
	325
	260
	130

	1.3.1
	Inaccuracy of UE transmitting
	391
	260
	228
	114

	1.3.2
	Inaccuracy of gNB detection
	391
	260
	228
	114

	1.3.3
	Inaccuracy caused by TA indication
	260
	130
	65
	32

	1.4
	Inaccuracy caused by propagation delay when considering 100m2 service area
	33
	33
	33
	33

	2a
	Inaccuracy caused by time reference information delivery from gNB to UE (Rel.15)
	5*106
	5*106
	5*106
	5*106

	2b
	Inaccuracy caused by time reference information delivery from gNB to UE (0.25μs)
	250
	250
	250
	250

	2c
	Inaccuracy caused by time reference information delivery from gNB to UE (0.1μs)
	100
	100
	100
	100

	2d
	Inaccuracy caused by time reference information delivery from gNB to UE (0.01μs)
	10
	10
	10
	10

	3
	Inaccuracy caused by the synchronisation between the gNB and external clock
	100
	100
	100
	100

	Total inaccuracy for 100m2 service area, (i.e., TA=0) for 2a
	Intra-gNB (2*(1.1+1.2+1.4+2a))
	>> 5*106

	
	Inter-gNB (2*(1.1+1.2+1.4+2a+3))
	>> 5*106

	Total inaccuracy for larger service area for 2a
	Intra-gNB (2*(1.1+1.2+1.3+2a))
	>> 5*106

	
	Inter-gNB (2*(1.1+1.2+1.3+2a+3))
	>> 5*106

	Total inaccuracy for 100m2 service area, (i.e., TA=0) for 2b
	Intra-gNB (2*(1.1+1.2+1.4+2b))
	968
	966
	772
	642

	
	Inter-gNB (2*(1.1+1.2+1.4+2b+3))
	1168
	1166
	972
	842

	Total inaccuracy for larger service area for 2b
	Intra-gNB (2*(1.1+1.2+1.3+2b))
	1944
	1550
	1226
	836

	
	Inter-gNB (2*(1.1+1.2+1.3+2b+3))
	2144
	1750
	1426
	1036

	Total inaccuracy for 100m2 service area, (i.e., TA=0) for 2c
	Intra-gNB (2*(1.1+1.2+1.4+2c))
	818
	816
	622
	492

	
	Inter-gNB (2*(1.1+1.2+1.4+2c+3))
	1018
	1016
	822
	692

	Total inaccuracy for larger service area for 2c
	Intra-gNB (2*(1.1+1.2+1.3+2c))
	1794
	1400
	1076
	686

	
	Inter-gNB (2*(1.1+1.2+1.3+2c+3))
	1994
	1600
	1276
	886

	Total inaccuracy for 100m2 service area, (i.e., TA=0) for 2d
	Intra-gNB (2*(1.1+1.2+1.4+2d))
	728
	726
	532
	402

	
	Inter-gNB (2*(1.1+1.2+1.4+2d+3))
	928
	926
	732
	602

	Total inaccuracy for larger service area for 2d
	Intra-gNB (2*(1.1+1.2+1.3+2d))
	1704
	1310
	986
	596

	
	Inter-gNB (2*(1.1+1.2+1.3+2d+3))
	1904
	1510
	1186
	796



From the table, following can be observed assuming the granularity for time reference information in NR is 0.25μs.
· Finer granularity of the time reference information for NR SIB9 is essential.
· 0.25μs granularity can be starting point, FFS finer granularity than 0.25μs.
· The timing inaccuracy caused by UE and gNB detection, UE transmitting and TA indication is reduced along with the increase of SCS.
· To support 100m2 service area assuming the time delay inaccuracy caused by propagation is 33ns, no more than 1μs clock synchronisation requirement cannot be met for inter-gNB case for 15, 30KHz SCS.
· To support larger service area using current TA granularity, no more than 1μs clock synchronisation requirement cannot be met for intra-gNB case for 15, 30, 60kHz SCS and inter-gNB case for all SCS.
[bookmark: _Toc525833422]6.3.3	Protocol aspects
Editor’s note: RAN2 responsibility
[bookmark: _Toc525833423]6.3.4	Radio access network aspects
Editor’s note: RAN3 responsibility
[bookmark: _Toc525833424]6.4	Accurate reference timing provisioning
As analysed in section 6.3.2, finer granularity of the time reference information is essential, whether finer granularity than 0.25µs is necessary depends on the use case and the how much timing inaccuracy reduction can be achieved by other factors. Time reference information can be transmitted in a cell as part of broadcast information, i.e., NR SIB9, and/or using a unicast message, i.e., dedicated RRC signalling to ensure security and authorization especially for local and private network e.g. factory. In order to let UE reliably perform a function, it is found beneficial to send an inaccuracy indication indicating the inaccuracy of a time reference information by gNB so that a UE can ensure a certain maximum inaccuracy that applies to the received time synchronisation value.

<END OF TP>
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