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1. Introduction

In the WID objective of NR_TRS_URLLC, it is said that the details of the 5G clock quality information will be decided by RAN3 [1].
	1.
5GS network timing synchronization status and reporting [RAN3, RAN2]:

a.
AMF providing clock quality reporting control information per-UE to the gNB. [RAN3]

b.
gNB delivering 5G Clock quality information to the UE in RRC_CONNECTED state, based on the clock quality reporting control information and gNB capability. [RAN2, RAN3]

Note 1: 
Details of the 5G clock quality information will be decided by RAN3.
c.
UE in RRC_IDLE and RRC_INACTIVE state determining that the 5G Clock quality information has changed via information received in the broadcast signalling. [RAN2]

d.
gNB reporting node-level RAN timing synchronization status information towards the AMF, based on RAN timing synchronization status reporting configuration and gNB capability. [RAN3]


In the LS [2], RAN3 provides the agreement regarding encoding details of the RAN timing synchronization status attributes, which may be reported from the RAN to the AMF. By taking into account the RAN3’s design mentioned in the LS, RAN2 can determine the details of the clock quality metrics, which will be signalled to the UE by the RAN via the dedicated DLInformationTransfer message.
In this contribution, we will discuss some detailed design of the clock quality metrics.
2. Discussion
In the RAN3 LS [2], the encoding details of the RAN timing synchronization status attributes are as follows:
	IE/Group Name

Presence

IE type and reference

Semantics description

Synchronisation State

O

ENUMERATED (locked, holdover, freeRun, …)

Traceable to UTC

O

ENUMERATED (true, false, …)

Traceable to GNSS

O

ENUMERATED (true, false, …)

Clock Frequency Stability

O

BIT STRING (SIZE (16))
Indicates the offsetScaledLogVariance as specified in TS 23.501 [9].
Clock Accuracy

O

see below
Parent Time Source

O

ENUMERATED (syncE, pTP, gNSS, atomicClock, terrestrialRadio, serialTimeCode, nTP, handSet, other, …)

IE/Group Name

Presence

IE type and reference

Semantics description

CHOICE Clock Accuracy
M

>value
>>Clock Accuracy Value

M

INTEGER (1..40000000, …)
Indicates the absolute clock accuracy value. Unit in 25ns [FFS].
>index
>>Clock Accuracy Index 

M

INTEGER (32..47, …)
Indicates the clockAccuracy enumeration value specified in Table 5 of clause 7.6.2.6 of IEEE Std 1588
NOTE:
The RAN TSS attributes included in the report is up to gNB implementation.


In RAN3, the Clock Accuracy takes a CHOICE structure, which can take an absolute value in the unit of 25ns. It should be noted the accurate unit of the value is still FFS in RAN3 as mentioned by the LS. From RAN2’s perspective, we think the 25ns granularity would be fine for the target use cases of TRS features. In the 5G timing synchronization featured specified in Rel-16 IIoT, the granularity of the uncertainty parameter takes the unit of 25ns. Also, the uncertainty reflects the clock accuracy of the 5G clock provided by the RAN node, and the granularity is sufficient for IIoT scenarios. Hence, there is no strong need to introduce a much smaller granularity for clock accuracy. 

Proposal 1: From RAN2’s perspective, the 25ns granularity of clock accuracy is sufficient.

In addition, the Clock Accuracy can also take a Clock Accuracy index referring to a clockAccuracy enumeration value specified in IEEE Std 1588, which is excerpted as follows. 

	Table 5—clockAccuracy enumeration
Value (hex)

Specification

00 to 16
Reserved
17
The time is accurate to within 1 ps
18
The time is accurate to within 2.5 ps
19
The time is accurate to within 10 ps
1A
The time is accurate to within 25 ps
1B
The time is accurate to within 100 ps
1C
The time is accurate to within 250 ps
1D
The time is accurate to within 1 ns
1E
The time is accurate to within 2.5 ns
1F
The time is accurate to within 10 ns
20
The time is accurate to within 25 ns
21
The time is accurate to within 100 ns
22
The time is accurate to within 250 ns
23
The time is accurate to within 1 µs
24
The time is accurate to within 2.5 µs
25
The time is accurate to within 10 µs
26
The time is accurate to within 25 µs
27
The time is accurate to within 100 µs
28
The time is accurate to within 250 µs
29
The time is accurate to within 1 ms
2A
The time is accurate to within 2.5 ms
2B
The time is accurate to within 10 ms
2C
The time is accurate to within 25 ms
2D
The time is accurate to within 100 ms
2E
The time is accurate to within 250 ms
2F
The time is accurate to within 1 s
30
The time is accurate to within 10 s
31
The time is accurate to >10 s
32 to 7F
Reserved
80 to FD
Designated for assignment by alternate PTP Profiles
FE
Unknown
FF
Reserved



We can find the clockAccuracy enumeration values with the indexes from 32 to 47 (decimal) are integer multiples of 25ns. 

For the detailed design of the clockAccuracy parameter in the IE ClockQualityMetrics, we can use a similar CHOICE structure as used in RAN3. But it would be redundant to have two parameters in RAN2, both of which finally refer to integer multiples of 25ns. We suggest in RAN2, the clock accuracy in the IE ClockQualityMetrics can just take an absolute value in the unit of 25ns, and with the range from 1 to 40000000. Obviously a clock accuracy value either smaller than 25ns or larger than 1s (40000000*25ns) would not be useful for the target use cases of TRS features. 
Proposal 2: The clockAccuracy in the IE ClockQualityMetric can take an absolute value in the unit of 25ns, and with the range from 1 to 40000000.

Besides, the DLInformationTransfer message can provide the IE ClockQualityMetrics as well as the IE referenceTimeInfo to the UE at the same time. In the IE referenceTimeInfo, the uncertainty parameter with a value range from 0 to 32767 expresses the clock accuracy, which is redundant with regarding to the clockAccuracy parameter in the IE ClockQualityMetrics. We think in almost all cases of TRS features, the clock accuracy can be reflected by the uncertainty parameter, which can indicate a value up to (and obviously sufficient) about 819μs. Thus if the uncertainty parameter is already included in the IE referenceTimeInfo, there is no need to indicate another clock accuracy with exactly the same value. Furthere, if field uncertainty is absent, the uncertainty is unspecified. We understand the uncertainty needs to be specified in amost all cases of TRS features. 
We suggest that the clockAccuracy parameter can directly refer to the uncertainty parameter contained in the same message, so that they take the same value.
Proposal 3: The clockAccuracy parameter in the IE ClockQualityMetrics can refer to the uncertainty parameter in the IE referenceTimeInfo contained within the same message, so that they takes the same value.
In the Annex part, we provide a text proposal for the encoding of the clockAccuracy parameter, on the top of the RRC running CR for TRS_URLLC.
3. Conclusion

In this contribution, we have discussed the detailed design of the clock quality metrics, and made the following proposals:
Proposal 1: From RAN2’s perspective, the 25ns granularity of clock accuracy is sufficient.

Proposal 2: The clockAccuracy in the IE ClockQualityMetric can take an absolute value in the unit of 25ns, and with the range from 1 to 40000000.

Proposal 3: The clockAccuracy parameter in the IE ClockQualityMetrics can refer to the uncertainty parameter in the IE referenceTimeInfo within the same message, when they takes the same value.
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5. Text Proposal for the encoding of the clockAccuracy parameter
–
ClockQualityMetrics
The IE ClockQualityMetrics is used to configure RAN timing synchronisation status information as specified in 38.473[X]

ClockQualityMetrics information element

-- ASN1START

-- TAG-CLOCKQUALITYMETRICS-START

ClockQualityMetrics-r18 ::= SEQUENCE {

    syncState                           ENUMERATED {locked, holdover, freerun, spare1}                        OPTIONAL,   -- Need N

    tracebilityUTC                      ENUMERATED (true, false)                                              OPTIONAL,   -- Need N

tracebilityGNSS                     ENUMERATED (true, false)                                              OPTIONAL,   -- Need N

    clockFrequencyStability             BIT STRING {SIZE(16)}                                                 OPTIONAL,   -- Need N

    clockAccuracy                       CHOICE {


reuseUncertainty



ENUMERATED {true};


accuracyValue




INTEGER(0..40000000)

}                                                      OPTIONAL,   -- Need N
    parentTimeSource                    ENUMERATED {pTP, atomicClock, terrestialRadio,

                                                   serialTimeCode,nTP, handset, other, spare1}                OPTIONAL,   -- Need N

    ...
}
-- TAG-CLOCKQUALITYMETRICS-STOP

-- ASN1STOP
	ClockQualityMetrics field descriptions

	clockFrequencyStability
Clock Frequency Stability as specified in 38.473[x].

	clockAccuracy

The value reuseUncertainty refers the clockAccuracy to the uncertainty parameter contained in the same DLInformationTransfer message. With the value accuracyValue, the clockAccuracy is 25ns multiplied by the field.


