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Introduction
In RAN2#104, we have the following agreements on accurate reference time provisioning:
	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 addition, RAN1 has sent the reply LS on TSN requirements evaluation [4] in which the synchronization accuracy is analysed. In this paper, we discuss the above two FFS for the reference clock provisioning and propose the Text Proposal to be included in the TR.
[bookmark: _Ref178064866]Discussion
In the companion paper [1], we have analyzed all solutions proposed by SA2 in TR 23.734. The impacted parts from these solutions on RAN2 are the signalling parts of the Uu interface. Thus, from RAN2 point of view, they can be categorized into the two main cases:
1. Delivery of internal 5G clock from gNB to UE where this clock is acquired by the gNB from the internal 5G network. In this case the gNB is aware of the internal 5G clock and uses the SIB/RRC unicast based method for transmitting the reference 5G time information to UEs. This applies for the case of 5GS as one time-aware system and the case of 5G GM clock as TSN GM clock described in [1].
2. Delivery of external TSN clock from gNB to UE where this clock is acquired by the gNB either indirectly from the TSN network via UPF or directly from the TSN network. In this case the gNB is aware of external TSN clocks and it is therefore possible to use the SIB/RRC unicast based method for transmitting the reference time information to UEs. This applies for the case of gPTP message Intercept described in [1]. 
To support of these cases, what RAN2 needs to do is to design a method to transmit a reference clock (be it the internal 5G clock or external TSN clock) from the gNB to the UE.
Reference clock provision from gNB to UE 
In the below Figure 1, we illustrate the method of delivering a reference clock from eNB to UE standardized in LTE rel-15, see TS 36.331 v15.4.0. The basic idea is to leverage on the fact that the subframe in the air interface is aligned at the eNB, and the method delivers the reference clock time at the end of a known subframe number. The same principle can be applied in NR as well, and can be used as one example on how to deliver the reference clock from gNB to UE: 
· After gNB has acquired the reference clock, gNB modifies the value of the acquired reference time to the value it is projected to have when a specific reference point in the system frame structure (e.g. at the end of SFNz) occurs at the BS Antenna Reference Point (ARP) (see reference point tR in Figure 2).
· A SIB/RRC message containing the projected reference time value and the corresponding reference point (the value of SFNz) is then transmitted during SFNx and received by a UE (e.g., in advance of or after tR.)
· The SIB/RRC message may also indicate an uncertainty value regarding the value of reference time it projects to be applicable to the reference point tR.
eNB formulates SIB/RRC message
SFNx
……
SFNz
time
SIB/RRC message sent
At this point in time Reference Time = tR  






[bookmark: _Ref534877918]
Figure 1: BS SFN Transmissions
Observation 1 [bookmark: _Toc536112][bookmark: _Toc536153][bookmark: _Toc536172][bookmark: _Toc888056][bookmark: _Toc973207][bookmark: _Toc973261][bookmark: _Toc987006][bookmark: _Toc987785][bookmark: _Toc1027778][bookmark: _Toc1028219]Reference clock provision from gNB to UE is a building block and sufficient for all options discussed in SA2. The LTE method of reference clock provision from eNB to UE can be an example implementation and used as baseline.
granularity of time info 
The LTE method for reference time delivery using SIB/RRC unicast allows for providing UEs with an uncertainty value associated with the received reference time value (see extract from TS 36.331 Rel-15 below).   As indicated in the RAN1 LS (R1-1901470) that RAN1 analysis does not contain the effects of the granularity & accuracy of the absolute timing indication information by the gNB, which is also not considered in table 1 in the annex on accuracy analysis. Introducing support for indicating 250 ns inaccuracy (granularity) for reference time delivery over the Uu interface due to signalling limitations does not seem to be sufficiently precise. Therefore, it is beneficial to support a granularity much smaller than 250 ns. 
From the analysis in the Annex Section 6, the inaccuracy introduced by each component is around dozens of nanoseconds. We think 16 ns could be an example number to consider, but we may further discuss the exact granularity number in the WI.
TimeReferenceInfo information elements (extract from TS 36.331 Rel-15)
-- ASN1START

TimeReferenceInfo-r15 ::=      SEQUENCE {
    time-r15              ReferenceTime-r15,
    uncertainty-r15       INTEGER (0..12)            OPTIONAL,   -- Need OR
    timeInfoType-r15      ENUMERATED {localClock}     OPTIONAL,   -- Need OR
    referenceSFN-r15      INTEGER (0..1023)          OPTIONAL    -- Cond TimeRef
}

ReferenceTime-r15 ::=          SEQUENCE {
    refDays-r15                       INTEGER (0..72999),
    refSeconds-r15                    INTEGER (0..86399),
    refMilliSeconds-r15               INTEGER (0..999),
    refQuarterMicroSeconds-r15         INTEGER (0..3999)
}

-- ASN1STOP
[bookmark: _Toc536177][bookmark: _Toc887219][bookmark: _Toc887654][bookmark: _Toc888062][bookmark: _Toc888409][bookmark: _Toc987648][bookmark: _Toc987791]The granularity of the time information is 16 ns.

From the table 1 in the Annex Section 6, we observe that with the analysis it can be observed that 1 us target is achievable, but, in a large cell size scenario, RF propagation delay compensation is required. This is in align with the RAN1 LS (R1-1901470). In addition, with the above proposal of a granularity of 16 ns in the reference clock provision, we can observe that the 1 us sync target accuracy can be achieved on the Uu interface.
Observation 2 [bookmark: _Toc888060][bookmark: _Toc973211][bookmark: _Toc973265][bookmark: _Toc987010][bookmark: _Toc987789][bookmark: _Toc1027779][bookmark: _Toc1028220]With reasonable UE and gNB implementation, the total inaccuracies on the Uu interface are expected to be within the 1us requirement for small cell, within the 1 us requirement for large cell (assuming a sufficiently good RF propagation delay compensation method is applied), and within the 10us requirement for large cells.
On the use of RRC unicast
The use of existing RRC unicast method is seen as providing the same set of inaccuracy sources as described above for the SIB based method for reference time delivery. However, there are some further benefits of using RRC unicast solution: 
1. Better protection against eavesdropping; the option of allowing RRC to convey reference time information is important for the case where ensuring the security of that information is a requirement for a given set of UEs.
1. A better UE SFN tracking accuracy by using a higher SINR or a larger BW.
1. A potentially shorter gNB response time for relaying a refreshed reference time value to a UE due to RRC unicast message prioritization (e.g. RRC unicast is not bound by the delays inherent to the smallest periodicity of the SIB message). 
1. Efficient signalling for multiple time-domains. UE receives time-sync messages related to the time-domain it is part of. On the contrary, a broadcast solution requires all time domains (up-to 32) to be sent in the SIB.
1. Better propagation delay compensation, e.g., the possibility of gNB sending the pre-compensated time sync

[bookmark: _Toc536178][bookmark: _Toc887220][bookmark: _Toc887655][bookmark: _Toc888063][bookmark: _Toc888411][bookmark: _Toc987649][bookmark: _Toc987792]Both the SIB and RRC unicast based methods for reference time delivery should be supported (i.e. similar to LTE Rel-15). 
Conclusion
In the previous sections and the annex, we made the following observations: 
Observation 1	Reference clock provision from gNB to UE is a building block and sufficient for all options discussed in SA2. The LTE method of reference clock provision from eNB to UE can be an example implementation and used as baseline.
Observation 2	With reasonable UE and gNB implementation, the total inaccuracies on the Uu interface are expected to be within the 1us requirement for small cell, within the 1 us requirement for large cell (assuming a sufficiently good RF propagation delay compensation method is applied), and within the 10us requirement for large cells.
Observation 3	Methods exist to compensate both LOS and NLOS RF path delay but are not specified.
Observation 4	UE SFN tracking accuracy depends on the bandwidth, SNR value and UE capability.
Observation 5	The implementation at UE contributes to a majority part of the inaccuracy on Uu interface.

Based on the discussion, we propose the following:
Proposal 1	Support a granularity finer than 250 ns. One example is 16 ns.
Proposal 2	Both the SIB and RRC unicast based methods for reference time delivery should be supported (i.e. similar to LTE Rel-15). 

Based on the discussion above, and the annex on the accuracy analysis and the incoming RAN1 LS [4], we propose to capture the TP in the TR. 
[bookmark: _Toc888412][bookmark: _Toc987650][bookmark: _Toc987793]Capture the TP in the Section 5.
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref793178][bookmark: _Ref174151459][bookmark: _Ref189809556]R2-1901296, Technical Overview of Clock Synchronisation Solutions in SA2, Ericsson
R1-1901020, Discussion on SA2 LS on RAN Impact analysis due to TSN, RAN1 AH#1901,Taipei, Taiwan, 21st – 25th January, 2019  
[bookmark: _Ref858330]R3-187252, Reply LS to RAN2 on TSN requirements evaluation
[bookmark: _Ref887703]R1-1901470, Reply LS on TSN requirements evaluation

Text proposal to TR 38.825
[bookmark: _Toc525833426]6.4	Accurate reference timing provisioning 
From RAN2 point of view, the solutions proposed by SA2 in TR 23.734 that impact the Uu interface can be categorized into two main cases:
1. Delivery of internal 5G clock from gNB to UE where this clock is acquired by the gNB from the internal 5G network. In this case the gNB is aware of the internal 5G clock and uses the SIB/RRC unicast based method for transmitting the reference 5G time information to UEs.
2. Delivery of external TSN clock from gNB to UE where this clock is acquired by the gNB either indirectly from the TSN network via UPF or directly from the TSN network. In this case the gNB is aware of external TSN clocks and it is therefore possible to use the SIB/RRC unicast based method for transmitting the reference TSN time information to UEs.
To support of these cases, what RAN2 needs to do is to design a method to transmit a reference clock (be it the internal 5G clock or external TSN clock) from the gNB to the UE.
6.4.1	Reference clock provision from gNB to UE 
The LTE approach for reference time delivery defined in TS 36.331 v15.4.0 is re-used as a baseline. 
In Figure 6.4-1, the LTE approach is illustrated as an example method of delivering a reference clock from gNB to UE. The basic idea is to leverage on the fact that the subframe in the 5G air interface is aligned at the gNB, and the method delivers the reference clock time at the end of a known subframe number. 
· After gNB has acquired the reference clock, gNB modifies the value of the acquired reference time to the value it is projected to have when a specific reference point in the system frame structure (e.g. at the end of SFNz) occurs at the BS Antenna Reference Point (ARP) (see reference point tR in Figure 6.4-1).
· A message containing the projected reference time value and the corresponding reference point (the value of SFNz) is then transmitted during SFNx and received by a UE (e.g., in advance of or after tR). 
· The message may also indicate an uncertainty value regarding the value of reference time it projects to be applicable to the reference point tR.

[bookmark: _Toc536117][bookmark: _Toc536158][bookmark: _Toc536176][bookmark: _Toc888061][bookmark: _Toc973212][bookmark: _Toc973266][bookmark: _Toc987011][bookmark: _Toc987790][bookmark: _Toc1027780][bookmark: _Toc1028221]gNB formulates SIB/RRC message
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Figure 6.4-1: Reference clock provision from gNB to UE

Both SIB-based broadcast solution and RRC unicast solutions are supported. 
SIB-based solution broadcasts one message in a cell and all UEs in the cell can be synchronized. 
RRC unicast solution has a better protection against eavesdropping, a better UE SFN tracking accuracy by using a higher SNR in RRC unicast message, a better scheduling flexibility (i.e., not limited by the smallest periodicity of the SIB message), an efficient signalling of multiple time-domains by sending only the time domain(s) that the UE is part of, a better propagation delay compensation by sending a pre-compensated time message, etc. 

The granurality of the reference time information is 16 ns.
6.4.2	Inaccuracy analysis 
The most stringent synchronization target in TS 22.104 [REF] is 1 us between the sync master and any device of the time domain. This means that the synchronization accuracy on the Uu interface shall be smaller than 1 us to allow for other inaccuracies introduced in implementation, such as the inaccuracy when gNB acquires reference clock, the inaccuracy when UE delivers the reference time to the chipset and then to the TSN device, etc.
One challenging part of delivering a reference time from the gNB to the UE on the Uu interface is the compensation of the RF propagation delay. 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). In this latter case, methods to compensate both LOS and NLOS propagation delay need to be applied to reach the 1 us synchronization requirement.
It has been analyzed that a timing synchronization error between a gNB and a UE is no worse than 540ns is achievable for Rel-15 NR with 15kHz SCS. The synchronization accuracy is improved when using higher SCS.  


[bookmark: _Ref1027986][bookmark: _GoBack]Annex – accuracy analysis
In what follows, we show the inaccuracy analysis as an example to get an understanding of the level of accuracy that can be reasonably achieved. We acknowledge that we can only get a rough estimation of the implementation aspects. It is also not our intention to impose any requirement on the implementation. 

One challenging part of delivering a reference time from the gNB to the UE is the compensation of the RF propagation delay. This timing error component reflects the link delay experienced between a gNB and a UE and is needed since a UE cannot typically be expected to know its RF channel distance from the base station antenna serving its current cell, in case delay compensation methods are not in place. It provides an inaccuracy of ~35 ns for the 10x10 m2 configuration and ~70 ns for the 100x100 m2 configuration (agreed in RAN1 evaluation scenario), which is equivalent to propagation delay at the cell edge. The above analysis only considers the LOS path, and NLOS path adds to the error which depends on RF environment but a rough estimate of a factor of 1.5 can be used. Note that there are methods to compensate the RF path delays, but they are not considered herein as they are not seen as affecting the overall feasibility of the reference clock delivery method under consideration and are out of the scope of RAN2.
Observation 3 [bookmark: _Toc536113][bookmark: _Toc536154][bookmark: _Toc536173][bookmark: _Toc888057][bookmark: _Toc973208][bookmark: _Toc973262][bookmark: _Toc987007][bookmark: _Toc987786][bookmark: _Toc1027781][bookmark: _Toc1028222]Methods exist to compensate both LOS and NLOS RF path delay but are not specified. 

The second challenging part is related with UE SFN tracking accuracy. This source of inaccuracy results from uncertainty in SFN tracking experienced by a UE and its value depends on implementation, reference signals, BW and SNR. Considering a rather limited range of factory cell configurations for which multipath effects can be a factor, this source of inaccuracy, if reference timing message is transmitted with large bandwidth and high SNR value, is expected to be no more than 50 ns for both the 10x10m and 100x100m configurations. This is less than what is shown by related figures in 3GPP TS 38.133 which can be seen as quite conservative. 
· Note that this source of inaccuracy will be a timing error (TE) component of the overall uncertainty of the reference time value established at a UE even in small IIoT cells for which methods for RF propagation delay compensation would not be typically required.
· It is treated as separate from the source of inaccuracy introduced by the downlink LOS inaccuracy (see Table 1) since SFN tracking precision varies with radio conditions and will contribute some TE component regardless of the actual LOS delay experienced by the UE within a given cell. 
Observation 4 [bookmark: _Toc536114][bookmark: _Toc536155][bookmark: _Toc536174][bookmark: _Toc888058][bookmark: _Toc973209][bookmark: _Toc973263][bookmark: _Toc987008][bookmark: _Toc987787][bookmark: _Toc1027782][bookmark: _Toc1028223]UE SFN tracking accuracy depends on the bandwidth, SNR value and UE capability. 

The last part of inaccuracy is introduced by implementation. We acknowledge that we can only get a rough estimation of the implementation aspects. It is also not our intention to impose any requirement on the implementation. Some examples include:
· Internal UE timing inaccuracy. As a rough ball park figure, this is seen as introducing an inaccuracy of ~130 ns to the value of the reference time a UE acquires from a gNB. It consists of a TE component introduced by general implementation slop (i.e. other than what is introduced by RF propagation delay) and is seen as being composed of both systemic and dynamic factors contributing to the total value. The value is based on the TA adjustment accuracy (from 38.133) as an example of internal UE uncertainty and shall be considered as an initial rough ball park figure. 
· The uncertainty value reflects the accuracy with which a gNB implementation can ensure that the reference point tR (the end of SFNz) will actually occur at the ARP at the indicated reference time. This uncertainty is implementation specific but is expected to be negligible.
· UE Modem to chipset might introduce further inaccuracy. This can be seen as introducing, for example, an inaccuracy of ~50 ns to the value of the reference time a UE acquires from a gNB. This results from a UE modem subsystem providing an external chipset within the UE with clock information
· Chipset to IIoT end-station might introduce further inaccuracy. This can be seen as introducing, for example, an inaccuracy of ~50 ns to the value of the reference time a UE acquires from a gNB. The chipset supports PTP to perform the clock distribution function to IIoT end stations i.e. the external chipset effectively serves as a local Grandmaster clock for the IIoT end stations. This assumes the same TE as a single hop within a well performing TSN network.
· The accuracy when gNB acquires internal 5G clock or external TSN clock. In the incoming RAN3 LS [3], it is mentioned that, as an example, the synchronization accuracy between the gNB and a remote TSN GM clock entity using cascaded PTP capable transport network connection is around N*40ns where N is the number of PTP hops. For the sake of simplicity, we can take 100 ns as an example

Table 1 summarizes all the above described uncertainties. Note that this is provided as an example to understand the level of reasonably achievable accuracy level. 
[bookmark: _Ref534821172]Table 1 An example of inaccuarcy contributions in reference clock provisioning
	Timing error components
	Values (for different radii)
	Description

	
	~10 m
	~20 m
	~250 m
	

	UE SFN tracking 
	±50 ns
	Inaccuracies occur when UE synchronizes to SFNs where the extent of this error component depends on implementation, reference signals, BW and SNR. 

	Internal UE timing 
	4 x 64 Tc = ±130 ns
	It consists of a TE component introduced by general implementation slop (i.e. other than what is introduced by TA procedure) and is seen as being composed of both systemic and dynamic factors contributing to the total value. The value is based on the TA adjustment accuracy (from 38.133) as a rough ball park figure.

	LOS compensation
	~35 ns
	~70 ns
	~800 ns
	A fixed LOS compensation as an average delay could be used based on deployment and then removed from the budget. However, NLOS would add to an error in the budget. Note that methods to compensate for RF propagation delay exist and may be used with good accuracy making independent of cell size restriction.

	SFN mapping at gNB
	negligible 
	This is related with the accuracy with which a gNB implementation can ensure that the reference point tR (the end of SFNz) will actually occur at the ARP at the indicated reference time

	UE implementation uncertainties (non-Uu interface related) 
	Example: ±100 ns
	This includes UE Modem to Chipset, Chipset to IIoT end station (Equivalent to the inaccuracy incurred by a single hop of gPTP signalling). 

	gNB implementation uncertainties (non-Uu interface related)
	Example: ±100 ns
	The accuracy when gNB acquires internal 5G clock or external TSN clock. In the incoming RAN3 LS [3], it is mentioned that, as an example, the synchronization accuracy between the gNB and a remote TSN GM clock entity using cascaded PTP capable transport network connection is around N*40ns where N is the number of PTP hops. For the sake of simplicity, we can take 100 ns as an example

	Total Timing error
	±380ns + 35ns
	±380ns + 70ns
	±380ns + 800ns
	The LOS compensation can only be a positive value



[bookmark: _Toc536115][bookmark: _Toc536156]From the above table, it can be observed that a large part of the inaccuracy on the Uu interface (if RF propagation delay is compensated) is UE dependent where further analysis is needed.
Observation 5 [bookmark: _Toc536116][bookmark: _Toc536157][bookmark: _Toc536175][bookmark: _Toc888059][bookmark: _Toc973210][bookmark: _Toc973264][bookmark: _Toc987009][bookmark: _Toc987788][bookmark: _Toc1027783][bookmark: _Toc1028224]The implementation at UE contributes to a majority part of the inaccuracy on Uu interface.
