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1 Introduction
At RAN2#101, contributions ([1], [2], and [3]) were related to the granularity of time reference discussion.

After online discussion, RAN2 agreed to have the following email discussion:
[101#45][LTE/HRLLC] The granularity of time reference discussion (Huawei)

· Discussion on use cases and requirements on synchronization accuracy and identify the gap between the requirement and the current synch accuracy

· Discussion on granularity of time

· Intended outcome: Report of email discussion

· Deadline:  Thursday 2018-03-29
This document is the summary of the email discussion.
2 Discussion
2.1
Use cases and requirements on synchronization accuracy
Companies could provide analysis for this part.
	Company name
	Analysis

	Huawei, HiSilicon
	In TR 22.804 “Study on Communication for Automation in Vertical Domains”, use cases and requirements on synchronization accuracy are defined.

For use cases, there are live performance, motion controller, sensors, actuators, smart grid, local conference system, and high data rate video streaming. We think TR 22.804 covers most of use cases that require high synchronization accuracy.
For requirements, the E2E synchronization accuracy varies from 1us to 1ms. In our discussion paper R2-1802880, we provided some typical values for such synchronization accuracies according to TR 22.804.

Generally, we think that TR 22.804 is a good reference and “1us to 1ms” is assumed for E2E synchronization accuracy requirement.
HW_Observation 1: “1us to 1ms” is assumed for E2E synchronization accuracy requirement.

	OPPO
	Agree with HW that TR 22.804 addresses the main scenarios for automations, which requires high synchronization accuracy.
For the detailed synchronization accuracy, in TR 22.804, 
1> 0.25/1us are indicated as the synchronization requirement for “Low-latency audio streaming for live performance”;
2> 1us is indicated as the synchronization requirement for “Motion controller” and “Smart gird”
3> 20us is indicated as the synchronization requirement for “Local conference system”;

4> 1ms is indicated as the synchronization requirement for “High data rate video streaming / professional video production”;

However, as analysed in section 2.3, it is not realistic to assume (at least) 0.25/1us as the synchronization accuracy, considering the residual synchronization error of cellular network based synchronization method. 

	Ericsson
	TR 22.804 can be a good reference for uses cases and requirements. The identified use cases have diverse requirements. For example, on the one hand for “low-latency audio streaming for live performance” in Section 5.8.2, the synchronicity requirement can be as low as 0.25 us, and on the other hand for “high data rate video streaming / professional video production” in Section 5.8.4, the synchronicity requirement just needs to be smaller than 1ms.

Due to the diverse requirements and a preferable future-proof design for other use cases not identified yet in TR22.804, a synchronization accuracy requirement of any value between 0.25 us and 1ms can be assumed. 

Ericsson_Observation 1: From RAN2 signalling aspect, an accuracy requirement of any value between 0.25 us and 1ms can be assumed.

	Vodafone
	Agree that TR 22.804 should be the reference.

	Intel
	The use cases in TR 22.804 address the main scenarios sufficiently and cover a wide range of sync accuracies. Whether or not RAN2 needs to develop solutions to meet all of them is a separate question; in our view, 1us to 1ms is a sufficient requirement to consider at this time.

	LG
	It wouldn’t be proper to refer to TR 22.804 because TR 22.804 is for Rel-16 but HRLLC is targeting Rel-15.

According to TR 22.804, in addition, the use cases and requirements are determined based on 5G CN. Therefore, we don’t think the same requirements can be applied to LTE.

	Qualcomm
	As stated in TR22.804 Section 5.3, factories of the future are an emerging area of URLLC application. Among all the use cases summarized in the TR, motion control is particularly important for future factory operation. As such, the assumption shall cover the following 1us requirement stated under section 5.3.2.6 and 5.3.5.6:

 >> “The 5G system shall support a very high synchronicity between a communication group of 50 – 100 UEs in the order of 1 µs or below.”
Requirements for synchronization are also captured in TS 22.261 for Rel-15 (e.g. see version 15.3.0). Annex D.1 refers to OTA clock synchronization for motion control use cases, and mentions 1 microsecond isochronous operation.


2.2
Analysis on the gap between the requirement and the current synch accuracy
Companies could provide inputs for this part.

	Company name
	Analysis

	Huawei, HiSilicon
	Firstly, we propose to use the following formula for evaluation:
E2E synchronization accuracy = time granularity + X

Where:

· time granularity is directly related to the objective “Support methods to provide a sufficiently granular time reference value to a UE from an eNB”
· X is related to all parts other than time granularity above. X is impacted by implementation, e.g. synchronization capability between cells, synchronization error in Uu interface. We prefer to not define X in RAN2 standard, and RAN2 could just define a flexible solution which could widely support various accuracy even with some forward compatibility to leave room for further requirements
Secondly, in current LTE specifications, SIB16 could provide time reference information from eNB to UE. According to SIB16, the IE timeInfoUTC

 indicates that “The field counts the number of UTC seconds in 10 ms units”, so the time granularity for SIB16 is 10ms. With considering the above formula, the E2E synchronization accuracy is thus equal and larger than 10ms. So we have the following observation:
HW_Observation 2: In current SIB16, the time granularity is 10ms. With considering the formula “E2E synchronization accuracy = time granularity + X”, the E2E synchronization accuracy is thus equal and larger than 10ms, so it cannot meet the E2E synchronization accuracy requirement as mentioned in HW_Observation 1.

	OPPO
	Agree with HW that the final synchronization error comes from the quantization error of Uu signalling (i.e., equivalent to the “time granularity”) and other synchronization even if the quantization error is ignored. For the latter one, it is related to the 

1> Achievable synchronization accuracy between cells;

2> Achievable OTA synchronization accuracy for UEs by receiving downlink signal.

	Ericsson
	In the current LTE spec, the time sync is provided by SIB16 with a granularity of 10ms and hence the inaccuracy is larger than 10ms.

Ericsson_Observation 2: The current sync accuracy is on the order of 10ms and is therefore unsuitable for supporting an accuracy requirement with a value in the range between 0.25 us and 1ms.

The totality of network related factors that contribute towards inaccuracies of a time sync value provided to a UE can be known and indicated to a UE along with the time sync value. This can be done without explicitly indicating what each member of the set of factors contributes towards the total inaccuracy. This may be important for use cases where a UE must ensure a certain maximum inaccuracy applies to the received time sync value in order to reliably perform a function.

Ericsson_Observation 3: It is beneficial to include an indication of the total inaccuracy the network has introduced when sending time sync information to a UE.

	Intel
	As HW mentioned, if we rely on the SIB16 UTC time reference, which has a granularity of 10 ms, the above sync requirement cannot be met.

	Qualcomm
	Per LTE spec, eNB may carry time reference in SIB16 and SIB8. For SIB16, the resolution of time reference is 10ms. Unless the operator synchronizes the frame boundary to the 10ms boundary of the reference time where the 10ms quantization becomes forgivable, the inaccuracy will be larger than 10ms.

To achieve better accuracy, operator may choose to carry CDMA time in the IE SystemTimeInfoCDMA2000 in SIB8 (see Annex for quick reference), where the time resolution with respect to synchronized or non-synchronized system is as described below:

· For a synchronized system: SystemTimeInfoCDMA2000 contains a 39-bit IE synchronousSystemTime expressed in 10ms resolution. Since the frame boundary is aligned to the 10ms boundary of CDMA system time in a synchronized system, the 10ms quantization in synchronousSystemTime has no impact to the E2E synchronization accuracy. In this case, the E2E accuracy is solely determined by the residual errors from inter-cell and OTA synchronization.
· For a non-synchronized system: SystemTimeInfoCDMA2000 contains a 49-bit IE asynchronousSystemTime expressed in units of 8 CDMA chips based on 1.2288Mcps, which amounts to a resolution of 6.51us. Thus, the E2E accuracy in a non-synchronized system is 6.51us + residual errors from inter-cell and OTA synchronization.

	
	

	
	


2.3
Analysis on granularity of time
Companies could provide inputs for this part.

	Company name
	Analysis

	Huawei, HiSilicon
	Based on our analysis in section 2.1 (the targeted requirement) and section 2.2 (formula), the values from 1us to 1ms can be considered as candidate time granularities. On one hand, it may be a very flexible solution to define all values from 1 us to 1ms (in steps of 1us); on the other hand, it may be more useful to define some typical values and it can also simplify standard work.
As a summary, we suggest to consider some typical values and an example is as below:
· 1us, 10us, 20us, 50us, 100us, 200us, 500us, 1ms (8 values)
For these values, we think operators can choose one of them based on scenarios. In future, if there are new requirements (that cannot be satisfied by above values), new values can be added in the same manner.
HW_Proposal: It is proposed to agree on the following values for granularity of time: 1us, 10us, 20us, 50us, 100us, 200us, 500us, 1ms.

	OPPO
	Based on the analysis in section 2.2, the final sync accuracy would be anyway worse than the residual synchronization errors even if ignoring the quantization error. In other words, it is not realistic to target at extreme synchronization accuracy of 0.25/1us.
Then if take a step back, assume the synchronization accuracy of 20us (which is the second most restrictive synchronization accuracy requirement) would be the main target, and if assume a value of X us for residual synchronization error

1> 3us as achievable synchronization accuracy between cells;

2> 3.34us as OTA synchronization accuracy, as the sum of 1us propagation delay (for 300m cell range) and 2.34us (a half of CP length).

Therefore, the minimum quantization error can be in the level of ~5 (or 10) us, i.e., there is less motivation to support the level of 1us granularity.

	Ericsson
	There are some implementation aspects that contribute to the sync inaccuracy. The implementation aspects are related with how well the “propagation” delay/delay-jitter is estimated and compensated from the sync source to the application layer in the UE, including sync capability among eNBs, TA estimation and compensation in Uu interface, delay between base band unit and remote unit head, other latencies in core network interfaces, UE’s implementation on passing time info to the application layer, etc. Not all of these are standardized with specific requirements. In addition, WID states that “No impact to RAN4 core/performance requirements”. 

In conclusion, we also think that RAN2 should not analyse implementation related inaccuracies and should define a flexible and future-proof solution to support various sync requirements, that is, a flexible solution is needed to send time sync information with a large range of accuracy/granularity. The time sync value sent to a UE is assumed to be indicated with a granularity that reflects its corresponding accuracy limitation.

We can follow a similar signalling implementation in Section 6.5.2.2 of TS 36.355, in which the location server sends GNSS time with different accuracy levels to the UE. Basically, a very highly granular time sync value = time (with, for example, granularity of 250ns) is sent with an uncertainty indication unc so that the actual time lies in the interval: 

[time sync – unc/2, time sync + unc/2].

Equivalently, if a large uncertainty value is sent, then it means a lower granularity of the time sync value sent to a UE. 

We can further discuss how to encode the uncertainty unc. One example is to use a similar formula as in TS 36.355 so that the uncertainty unc, expressed in us, is mapped to a number K, with the formula unc = 0.25 * K. Note that in practice the value selected for K can reflect all sources of inaccuracy introduced by the network (e.g. not just the inaccuracy level of the GNSS time used as the basis for the time sync). Another simpler example is to use unc to indicate how many bits sent in the time is accurate, so that the accuracy can be (in us) {0.25, 0.5, 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024}.

Ericsson_Proposal: A flexible approach to signal a large range of accuracy/granularity values for time sync is supported, e.g., eNB sends a message with: 

· time sync value expressed in units of 250 ns 

· uncertainty indication of K*250 ns, where K is sent in the message

· K = 0 (or the absence of K in the message) indicates a default inaccuracy value (uncertainty) of 250ns applies.

FFS, other encoding of the uncertainty indication.



	Vodafone
	We suggest a granularity of 1 micro second.

	Intel
	We agree with HW that 8 values can be a good starting point to capture the sync requirements for the diverse use cases in TR 22.804. How to flexibly signal these values can be FFS.


	Qualcomm
	The analysis in 2.2. has shown that a 6.51us resolution of reference time (+residual errors) is achievable via methods similar to SIB8 adapted to URLLC use case, e.g. by broadcasting a ‘URLLC_Time’ that is similar to CDMA system time. For the use cases requiring higher synchronicity, finer time resolution than that currently supported by SIB8 is needed, in particular if the cells are not frame aligned to the 10ms boundary of the global time reference of the application. To this end, a new IE for URLLC time information can be added to SIB16 to indicate URLLC specific reference time at the frame boundary at/after the ending boundary of SI-window, where the value of the IE can be expressed, for example, in unit of {0.25, 0.5, 1, 2, 4} us.

	
	


3 Conclusion

For use cases and requirements on synchronization accuracy:
7 companies agree that TR 22.804 “Study on Communication for Automation in Vertical Domains” should be the reference. 1 company do not think it is proper to refer to TR 22.804 because the TR is for Rel-16 but HRLLC is targeting Rel-15 and the descriptions in TR 22.804 are determined based on 5G CN.
Regarding requirements, basically there are two options:

(1) from 1us to 1ms

(2) from 0.25us to 1ms

1 company think that it is not realistic to assume (at least) 0.25/1us, because the synchronization accuracy, considering the residual synchronization error of cellular network based synchronization method.
Proposal 1: For the requirements on synchronization accuracy, based on TR 22.804, it is proposed to agree on [A, B] (from value A to value B). B is 1ms. A may be 0.25us, 1us or even a larger value, and it needs RAN2 decisions.
For analysis on the gap between the requirement and the current synch accuracy:

5 companies think that SIB16 has a granularity of 10ms, so the targeted sync requirement (i.e. smaller than 10ms) cannot be met.
1 company mentions that eNB may carry time reference in SIB16 and SIB8. For SIB16, the resolution of time reference is 10ms. For SIB8 (CDMA time), the resolution may be in the units of microsecond (with respect to synchronized or non-synchronized system).
From email rapporteur point of view, it seems that SIB8 provides a time reference which is related to a specific RAT but not “common time reference”. As a comparison, SIB16 contains information related to GPS time and Coordinated Universal Time (UTC) and which are “common time reference”.

Observation 1: For SIB16, the targeted sync requirement (i.e. smaller than 10ms) cannot be met.
Observation 2: For SIB8, the resolution may be in the units of microsecond (with respect to synchronized or non-synchronized system). However, SIB8 provides a time reference which is related to a specific RAT but not “common time reference”.
For analysis on granularity of time:

As a summary, there are the following proposals:
(1) Directly indicate time reference information with some granularity values, e.g. 1us, 10us, 20us, 50us, 100us, 200us, 500us, 1ms

(2) the minimum quantization error can be in the level of ~5 (or 10)us, and thus there is less motivation to support the level of 1us granularity

(3) signal a large range of accuracy/granularity values for time sync is supported, e.g., eNB sends a message with: 

•
time sync value expressed in units of 250 ns 

•
uncertainty indication of K*250 ns, where K is sent in the message

•
K = 0 (or the absence of K in the message) indicates a default inaccuracy value (uncertainty) of 250ns applies.

FFS, other encoding of the uncertainty indication.

(4) a granularity of 1 micro second.

(5) a new IE for URLLC time information can be added to SIB16 to indicate URLLC specific reference time at the frame boundary at/after the ending boundary of SI-window, where the value of the IE can be expressed, for example, in unit of {0.25, 0.5, 1, 2, 4} us.
Proposal 2: For the range of granularity of time, it is proposed to discuss it with proposal 1.

Proposal 3: Regarding how to indicate granularity of time, it is proposed to discuss the following two options:

· Option 1: Directly indicate time reference information with some granularity values and how to flexibly signal these values can be FFS. For example, 1us, 10us, 20us, 50us, 100us, 200us, 500us, 1ms (8 values)
· Option 2: Signal a large range of accuracy/granularity values for time sync is supported, e.g., eNB sends a message with: 

· time sync value expressed in units of 250 ns 

· uncertainty indication of K*250 ns, where K is sent in the message

· K = 0 (or the absence of K in the message) indicates a default inaccuracy value (uncertainty) of 250ns applies.
· FFS, other encoding of the uncertainty indication.

4 References
[1] R2-1802880
Discussion on use cases and requirements on synchronization accuracy
Huawei, HiSilicon
[2] R2-1802881
Discussion on solutions of providing time reference information
Huawei, HiSilicon
[3] R2-1802721
UE Time Synchronization
Ericsson
5 Annex
–
SystemInformationBlockType16

The IE SystemInformationBlockType16 contains information related to GPS time and Coordinated Universal Time (UTC). The UE may use the parameters provided in this system information block to obtain the UTC, the GPS and the local time.
NOTE:
The UE may use the time information for numerous purposes, possibly involving upper layers e.g. to assist GPS initialisation, to synchronise the UE clock (a.o. to determine MBMS session start/ stop).
SystemInformationBlockType16 information element
-- ASN1START

SystemInformationBlockType16-r11 ::=

SEQUENCE {


timeInfo-r11






SEQUENCE {



timeInfoUTC-r11





INTEGER (0..549755813887),



dayLightSavingTime-r11



BIT STRING (SIZE (2))

OPTIONAL,
-- Need OR



leapSeconds-r11





INTEGER (-127..128)


OPTIONAL,
-- Need OR



localTimeOffset-r11




INTEGER (-63..64)


OPTIONAL
-- Need OR


}
















OPTIONAL,
-- Need OR


lateNonCriticalExtension


OCTET STRING



OPTIONAL,


...

}

-- ASN1STOP

	SystemInformationBlockType16 field descriptions

	dayLightSavingTime

It indicates if and how daylight saving time (DST) is applied to obtain the local time. The semantics is the same as the semantics of the Daylight Saving Time IE in TS 24.301 [35] and TS 24.008 [49]. The first/leftmost bit of the bit string contains the b2 of octet 3, i.e. the value part of the Daylight Saving Time IE, and the second bit of the bit string contains b1 of octet 3.

	leapSeconds

Number of leap seconds offset between GPS Time and UTC. UTC and GPS time are related i.e. GPS time -leapSeconds = UTC time.

	localTimeOffset

Offset between UTC and local time in units of 15 minutes. Actual value = field value * 15 minutes. Local time of the day is calculated as UTC time + localTimeOffset.

	timeInfoUTC

Coordinated Universal Time corresponding to the SFN boundary at or immediately after the ending boundary of the SI-window in which SystemInformationBlockType16 is transmitted. The field counts the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). NOTE 1.

This field is excluded when estimating changes in system information, i.e. changes of timeInfoUTC should neither result in system information change notifications nor in a modification of systemInfoValueTag in SIB1.


NOTE 1:
The UE may use this field together with the leapSeconds field to obtain GPS time as follows: GPS Time (in seconds) = timeInfoUTC (in seconds) -  2,524,953,600 (seconds) + leapSeconds, where 2,524,953,600 is the number of seconds between 00:00:00 on Gregorian calendar date 1 January, 1900 and 00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time).

–
SystemInformationBlockType8

The IE SystemInformationBlockType8 contains information relevant only for inter-RAT cell re-selection i.e. information about CDMA2000 frequencies and CDMA2000 neighbouring cells relevant for cell re-selection. The IE includes cell re-selection parameters common for a frequency as well as cell specific re-selection parameters.

SystemInformationBlockType8 information element
-- ASN1START

SystemInformationBlockType8 ::=

SEQUENCE {


systemTimeInfo





SystemTimeInfoCDMA2000



OPTIONAL,
-- Need OR

searchWindowSize




INTEGER (0..15)





OPTIONAL,
-- Need OR


parametersHRPD





SEQUENCE {



preRegistrationInfoHRPD



PreRegistrationInfoHRPD,



cellReselectionParametersHRPD

CellReselectionParametersCDMA2000
OPTIONAL -- Need OR


}

















OPTIONAL,
-- Need OR


parameters1XRTT





SEQUENCE {



csfb-RegistrationParam1XRTT


CSFB-RegistrationParam1XRTT

OPTIONAL,
-- Need OP



longCodeState1XRTT




BIT STRING (SIZE (42))


OPTIONAL,
-- Need OR



cellReselectionParameters1XRTT

CellReselectionParametersCDMA2000
OPTIONAL -- Need OR


}

















OPTIONAL,
-- Need OR


...,


lateNonCriticalExtension


OCTET STRING





OPTIONAL,


[[
csfb-SupportForDualRxUEs-r9


BOOLEAN






OPTIONAL,
-- Need OR



cellReselectionParametersHRPD-v920
CellReselectionParametersCDMA2000-v920
OPTIONAL,
-- Cond NCL-HRPD



cellReselectionParameters1XRTT-v920
CellReselectionParametersCDMA2000-v920
OPTIONAL,
-- Cond NCL-1XRTT



csfb-RegistrationParam1XRTT-v920
CSFB-RegistrationParam1XRTT-v920

OPTIONAL,
-- Cond REG-1XRTT



ac-BarringConfig1XRTT-r9


AC-BarringConfig1XRTT-r9
OPTIONAL
-- Cond REG-1XRTT


]],


[[
csfb-DualRxTxSupport-r10


ENUMERATED {true}


OPTIONAL
-- Cond REG-1XRTT


]],


[[
sib8-PerPLMN-List-r11



SIB8-PerPLMN-List-r11

OPTIONAL
-- Need OR


]]

}

<<skip>>
ParametersCDMA2000-r11 ::=


SEQUENCE {


systemTimeInfo-r11




CHOICE
{



explicitValue





SystemTimeInfoCDMA2000,



defaultValue





NULL


}















OPTIONAL,
-- Need OR

<<skip>>

...

}

-- ASN1STOP

	SystemInformationBlockType8 field descriptions

	<<skip>>

	systemTimeInfo

Information on CDMA2000 system time. This field is required for a UE with rx-ConfigHRPD= single and/ or rx-Config1XRTT= single to perform handover, cell re-selection, UE measurement based redirection and enhanced 1xRTT CS fallback from E-UTRAN to CDMA2000 according to this specification and TS 36.304 [4]. This field is excluded when estimating changes in system information, i.e. changes of systemTimeInfo should neither result in system information change notifications nor in a modification of systemInfoValueTag in SIB1.

For the field included in ParametersCDMA2000, a choice is used to indicate whether for this PLMN the parameters are signalled explicitly or set to the (default) value common for all PLMNs i.e. the value not included in sib8-PerPLMN-List.


<<skip>>
–
SystemTimeInfoCDMA2000
The IE SystemTimeInfoCDMA2000 informs the UE about the absolute time in the current cell. The UE uses this absolute time knowledge to derive the CDMA2000 Physical cell identity, expressed as PNOffset, of neighbour CDMA2000 cells.
NOTE:
The UE needs the CDMA2000 system time with a certain level of accuracy for performing measurements as well as for communicating with the CDMA2000 network (HRPD or 1xRTT).

SystemTimeInfoCDMA2000 information element

-- ASN1START

SystemTimeInfoCDMA2000 ::=


SEQUENCE {


cdma-EUTRA-Synchronisation


BOOLEAN,


cdma-SystemTime





CHOICE {



synchronousSystemTime



BIT STRING (SIZE (39)),



asynchronousSystemTime



BIT STRING (SIZE (49))


}

}

-- ASN1STOP

	SystemTimeInfoCDMA2000 field descriptions

	asynchronousSystemTime

The CDMA2000 system time corresponding to the SFN boundary at or after the ending boundary of the SI-Window in which SystemInformationBlockType8 is transmitted. E-UTRAN includes this field if the E-UTRA frame boundary is not aligned to the start of CDMA2000 system time. This field size is 49 bits and the unit is 8 CDMA chips based on 1.2288 Mcps.

	cdma-EUTRA-Synchronisation

TRUE indicates that there is no drift in the timing between E‑UTRA and CDMA2000. FALSE indicates that the timing between E-UTRA and CDMA2000 can drift. NOTE 1

	synchronousSystemTime

CDMA2000 system time corresponding to the SFN boundary at or after the ending boundary of the SI-window in which SystemInformationBlockType8 is transmitted. E-UTRAN includes this field if the E-UTRA frame boundary is aligned to the start of CDMA2000 system time. This field size is 39 bits and the unit is 10 ms based on a 1.2288 Mcps chip rate.


NOTE 1:
The following table shows the recommended combinations of the cdma-EUTRA-Synchronisation field and the choice of cdma-SystemTime included by E-UTRAN for FDD and TDD:

	FDD/TDD
	cdma-EUTRA-Synchronisation
	synchronousSystemTime
	asynchronousSystemTime

	FDD
	FALSE
	Not Recommended
	Recommended

	FDD
	TRUE
	Recommended
	Recommended

	TDD
	FALSE
	Not Recommended
	Recommended

	TDD
	TRUE
	Recommended
	Recommended


<<skip>>
1
111

