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1 Introduction
In RAN #83 meeting, a WID on support of NR Industrial Internet of Things (IoT) has been approved. One objective of NR TSC-related enhancements is accurate reference timing delivery [1]:
	· Specify accurate reference timing delivery from gNB to UE using broadcast and unicast RRC signalling (with EUTRA Rel-15 signalling solution as baseline) for synchronization requirements defined in TS 22.104) [RAN2].


And in RAN2#105 meeting, the following text had been captured in TR 38.325 [2] to realize accurate reference timing delivery: 

	· Accurate reference timing delivery is carried out using broadcast and/or unicast RRC signalling (similar to E-UTRAN approach in [7]). Granularity of the signalled reference timing is at most 50 ns and determination of exact value needs further evaluation. Section 6.3.5 provides an analysis for synchronization accuracy achievable using accurate reference timing delivery.


Hence, in this contribution, we focus on the signalling design of reference timing delivery with the required granularity from gNB to UE.
2 Discussion
2.1 Options of signalling design of reference timing information
As agreed in last meeting, granularity of the signalled reference timing is at most 50 ns and determination of exact value needs further evaluation. Regarding the specific format of reference timing signalling, there are some options:
Option 1) Define TSN reference time information independent 

In some use cases, the TSN reference time is not tied with timeInfoUTC as the industrial applications/devices may use a separate reference time definition, instead of an offset from UTC time value, as shown below. This can avoid the extra complexity of calibrating the two independent time sources on gNB for deriving the offset and the extra complexity of calculation the TSN time value on UE by the UTC time value and the offset. On the other hand, it increases the overhead of reference timing delivery signalling due to full-bit time information definition for each time domain.

In the current RRC signalling, the timeInfoUTC IE is defined as reference timing, which range is from 0 to 549755813887, occupying 39 bit range for 10ms granularity. If the required granularity is 50ns, then additional 18 bits, 17bits or 14bits are needed as shown in the following table, depending on the specific timing accuracies required by the PTP/IEEE1588 of the TSN domain.

	TSN Domain
	Granularity / Resolution
	Bit length

	1
	TSN_TimeInfo_1us
	53 bits

	2
	TSN_TimeInfo_100ns
	56 bits

	3
	TSN_TimeInfo_50 ns
	57 bits


For example of 50ns granularity, the following shows the separate reference time definition with full bit in RRC signalling:

Enhanced Time Information in NR for TSN (Option 1-1)
3 SIB9 ::=                            SEQUENCE {

4     timeInfo                            SEQUENCE {

5         timeInfoUTC               INTEGER (0..549755813887),
6         dayLightSavingTime        BIT STRING (SIZE (2))                   OPTIONAL,   -- Need R

7         leapSeconds               INTEGER (-127..128)                     OPTIONAL,   -- Need R

8         localTimeOffset           INTEGER (-63..64)                       OPTIONAL    -- Need R

9     }                                                                               OPTIONAL,   -- Need R

10     lateNonCriticalExtension            OCTET STRING                                OPTIONAL,

     ...,


[[ TSN-TimeInfo-50ns-r16     
granularity-50ns-r16
INTEGER (0.. 144115188075855871)



]]
OPTIONAL -- NEED OR

11 }

This option can be alternatively defined in another way, specifying the day, second, million second and micro second, as enhanced in Rel-15 LTE HRLLC. For example of 50ns granularity, the additional nanosecond can be included, and the indicated time in 50 ns unit , which is different from that in Rel-15 LTE HRLLC which is in 0.25 us, is:

Rel-15：refDays*86400*1000*4000 + refSeconds*1000*4000 + refMilliSeconds*4000 + refQuarterMicroSeconds
 Rel-16： refDays*86400*1000*1000*20 + refSeconds*1000*1000*20 + refMilliSeconds*1000*20 +  ref50NanoSeconds*20. 
The refDays field specifies the sequential number of days (with day count starting at 0) from the origin of the time field. If timeInfoType is not included, the origin of the time field is 00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time). If timeInfoType is set to localClock, the interpretation of the origin of the time is unspecified and left up to upper layers. And this field modification will not trigger neither paging procedure for system information change nor the modification of systemInfoValueTag in SIB1. And the broadcasted time can be understood to be applicable at the “time corresponding to the SFN boundary at or after the ending boundary of the SI-Window in the corresponding SIB9 transmitted”.
Enhanced Time Information in NR for TSN (Option 1-2)
SIB9 ::=                            SEQUENCE {

    timeInfo                            SEQUENCE {

        timeInfoUTC               INTEGER (0..549755813887),

        dayLightSavingTime        BIT STRING (SIZE (2))                   OPTIONAL,   -- Need R

        leapSeconds               INTEGER (-127..128)                     OPTIONAL,   -- Need R

        localTimeOffset           INTEGER (-63..64)                       OPTIONAL    -- Need R

    }                                                                               OPTIONAL,   -- Need R

    lateNonCriticalExtension            OCTET STRING                                OPTIONAL,

     ...,


[[tsn-timeReferenceInfo-r16



TSN-TimeReferenceInfo-r16



OPTIONAL,
-- Need ON



]]
OPTIONAL -- NEED OR

}

Existing TimeReferenceInfo in LTE for HRLLC
-- 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

New TimeReferenceInfo in NR for TSN
-- ASN1START

TSN-TimeReferenceInfo-r16 ::=

SEQUENCE {


time-r16






ReferenceTime-r16,


uncertainty-r16





INTEGER (0..12)



OPTIONAL,
-- Need OR


timeInfoType-r16




ENUMERATED {localClock}

OPTIONAL,
-- Need OR


referenceSFN-r16




INTEGER (0..1023)


OPTIONAL
-- Cond TimeRef

}

ReferenceTime-r16 ::=


SEQUENCE {


refDays-r16






INTEGER (0..72999),


refSeconds-r16





INTEGER (0..86399),


refMilliSeconds-r16




INTEGER (0..999),


ref50NanoSeconds-r16


        INTEGER (0.. 19999),


ref50NanoSeconds-r16


    INTEGER (0.. 19)

}

-- ASN1STOP

Observation 1: Usage a separate reference time definition for the TSN reference time can avoid the extra implementation complexity on gNB and UE of calculation the TSN time offset or actual. Meanwhile, it increases the overhead of reference timing delivery signalling due to full-bit time information definition for each time domain, especially for multiple time domains.

Option 2) Usage of offset from the timeInfoUTC to indicate TSN reference time 

The TSN reference time is defined as offset from UTC time value in the signalling. This demands the UE to derive the TSN time value based on the UTC time value and the offset value. SA1 has agreed to support the up to 32 working domains, and 5G system is required to support the multiple time domains for synchronisation. Hence, compared to full-bit time information, Option 2 can reduced the size of reference timing delivery. For example, considering the original resolution of 10ms, that is 10,000,000 ns, and if the resolution of 50ns supported by PTP/IEEE1588 for a specific TSN domain, then it will be divided by 50ns time reference granularity, there will be 200000 possibility, as shown in the following enhanced signalling. However, to support multiple working domains, both absolute reference time number and the granularity may different, where the benefit from reduced bit by offset is not so obvious compared to the implementation on gNB and UE.   
SIB9 information element
SIB9 ::=                            SEQUENCE {

    timeInfo                            SEQUENCE {

        timeInfoUTC                         INTEGER (0..549755813887),

        dayLightSavingTime                  BIT STRING (SIZE (2))          OPTIONAL,   -- Need R

        leapSeconds                         INTEGER (-127..128)            OPTIONAL,   -- Need R

        localTimeOffset                     INTEGER (-63..64)              OPTIONAL    -- Need R

    }                                                                       OPTIONAL,   -- Need R

    lateNonCriticalExtension            OCTET STRING                        OPTIONAL,

     ...,


[[
TSN-TimeInfo-offset-50ns-r16     


INTEGER (0.. 199999)

OPTIONAL


]]

}

Observation 2: to support multiple working domains, both absolute reference time number and the granularity may different, where the benefit from reduced bit by offset is not so obvious compared to the implementation on gNB and UE.   
Proposal 1: it is proposed to adopt the separate definition of TSN reference time IEs in full- in the signalling.
On the other hand, as mentioned above, SA1 has agreed to support the up to 32 working domains, and 5G system is required to support the multiple time domains for synchronisation at least for some use cases. And in current both NR and LTE reference time info message, the specified reference time information is only for one time domain, without the mechanism to support multiple time domains. This means the reference time information IE need to be extended into the time information List IEs for multiple time domains, where a Time domain index designed by RAN can be used to distinguish each time domain and synch up with the UE.
Proposal 2: it is proposed to the reference time information IE need to be extended into the time information List IEs for multiple time domains, where a Time domain index designed by RAN can be used to distinguish each time domain and synch up with the UE.
2.2
Message delivery of reference timing information
As agreed in the TR, accurate reference timing delivery is carried out using broadcast and/or unicast RRC signalling (similar to E-UTRAN approach in [7]). Hence, the procedures of accurate reference timing delivery can reuse the Rel-15 LTE signalling, as follows. And the definition of reference time can be reused by both broadcast and unicast RRC signalling.
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Figure 2: accurate reference timing delivery via SIBx and/or dedicated RRC signalling in NR
Proposal 3: the procedures of accurate reference timing delivery can reuse the Rel-15 LTE signalling. And the definition of reference time can be reused by both broadcast and unicast RRC signalling.
2.3 Inaccuracy indication

On the other hand, an inaccuracy indication which had been agreed in Rel-15 LTE HRLLC to be optionally sent to indicate inaccuracy range of a time reference information, which range is from 0.25us to 1 ms, is similar to the signalling implementation in the location server sends GNSS time with different accuracy levels to the UE. The UE can derive the actual reference time lies in the time range from time – unc to time + unc. If the time reference value expressed in units of 50 ns, the inaccuracy range can be from 50ns to 1 ms.
Proposal 4: an inaccuracy indication which had been agreed in Rel-15 LTE HRLLC can be reused in the accuracy reference time calculation.
2.4 Enhancement of TA command
In last RAN1 meeting, RAN1 has performed analysis on the achievable time synchronization accuracy over Uu interface, as mentioned in the LS [1]. 
The important conclusions are listed as follows:

· 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).
The propagation distance will be hundreds of meters in this scenario, where achieving 1us accuracy will require some form of correction for propagation delay.
And the following tables are the summary of companies’ results for different service areas without/ with propagation delay compensation [6]:
Table 2.3.1: Summary of companies results for different service areas without propagation delay compensation

	Source
	15kHz
	30kHz
	60kHz
	120kHz
	Remarks

	[ZTE, 
R1-1900156]
	[-278ns,376ns]
	[-147ns,245ns]
	
	[-82ns,180ns]
	

	[Qualcomm, R1-1900903]
	355ns (57m ISD)
	
	
	
	

	[Nokia, R1-1900935]
	215ns (20m ISD)
315ns (60m ISD)
	
	
	
	

	[Samsung, R1-1901072]
	133ns (10m ISD)
	
	
	
	½ of the values reported in TDoc to only account for gNB to UE (and not UE to UE connected to the same gNB) to align with other companies results

	[Huawei, R1-1901252]
	506ns (20m ISD)
	441ns (20m ISD)
	343ns (20m ISD)
	
	

	[Ericsson, R1-1901353]
	315ns (10m ISD)
350ns (20m ISD)
1080ns (250m ISD)
	
	
	
	Result clearly shows, that delay compensation needed for longer gNB-to-UE distances (such as 250m)


Table 2.3.2: Summary of results for large service areas with propagation delay compensation
	Source
	15kHz
	30kHz
	60kHz
	Remarks

	[ZTE, 
R1-1900156]
	488ns
	357.5ns
	276.5ns
	

	[Intel, R1-1901334]
	505ns
	371ns
	287.5ns
	

	[Nokia, R1-1900935]
	472.5ns
	338.5s
	
	

	[Huawei, R1-1901252]
	536ns
	438ns
	357ns
	ISD=500m


Observation 2: according to RAN1 conclusion, the synchronization accuracy can be improved via using higher SCS.

Observation 3: according to RAN1 conclusion, the requirement in SA1 of User-specific clock synchronicity accuracy level 3 that 1 µs requirement for a 20 km2 service area will require some form of correction for propagation delay.
A straigthforward approach is to improve TA accuracy, i.e. finer granularity of TA command and and higher TA adjustment accuracies. In our view, if propagation delay compensation is required, the UE will need to be aware of the enhancement of TA command and the gNB will need to be whether the UE can support the enhancement. 

Proposal 5: it is proposed to provide some form of correction for propagation delay approach in case of big service area, which is to utilize finer granularity of TA command and higher TA adjustment accuracy. The specific extention size of TA command is FFS.
Proposal 6: it is proposed that if propagation delay compensation is required, the UE will need to be aware of the enhancement of TA command and the gNB will need to be whether the UE can support the enhancement.  
3 Conclusions

In this paper, the following observations and proposal are given:
Observation 2: to support multiple working domains, both absolute reference time number and the granularity may different, where the benefit from reduced bit by offset is not so obvious compared to the implementation on gNB and UE.   
Proposal 1: it is proposed to adopt the separate definition of TSN reference time IEs in full- in the signalling.
Proposal 2: it is proposed to the reference time information IE need to be extended into the time information List IEs for multiple time domains, where a Time domain index designed by RAN can be used to distinguish each time domain and synch up with the UE.
Proposal 3: the procedures of accurate reference timing delivery can reuse the Rel-15 LTE signalling. And the definition of reference time can be reused by both broadcast and unicast RRC signalling.
Proposal 4: an inaccuracy indication which had been agreed in Rel-15 LTE HRLLC can be reused in the accuracy reference time calculation.
Observation 2: according to RAN1 conclusion, the synchronization accuracy can be improved via using higher SCS.

Observation 3: according to RAN1 conclusion, the requirement in SA1 of User-specific clock synchronicity accuracy level 3 that 1 µs requirement for a 20 km2 service area will require some form of correction for propagation delay.
Proposal 5: it is proposed to provide some form of correction for propagation delay approach in case of big service area, which is to utilize finer granularity of TA command and higher TA adjustment accuracy. The specific extention size of TA command is FFS.
Proposal 6: it is proposed that if propagation delay compensation is required, the UE will need to be aware of the enhancement of TA command and the gNB will need to be whether the UE can support the enhancement.  
[1] Reference

[2] RP-190728  Support of NR Industrial Internet of Things (IoT)

[3] TR 38.325 

[4] S1-183668, Different and Multiple Time Domains for Synchronization, Siemens AG, Nokia, Nokia Shanghai Bell[image: image2.png]



_1615128598.doc


Network







TimeReferenceInformation/SIBx







UE












