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1	Introduction
During the RAN2#105bis meeting it was agreed to perform the following e-mail discussion:
[105bis#18][NR/IIoT] Synchronisation (Nokia)
	Scope as distributed by Nokia on the reflector
	Intended outcome: Report to next meeting
	Deadline:  Thursday 2019-05-02

The synchronization related aspects were discussed in many company contributions submitted to RAN2#105bis meeting [1]-[18]. Based on the discussions during the meeting, RAN2 made the following agreements with respect to accurate reference timing:
	Confirm that we use LTE rel-15 SIB and RRC unicast based methods for reference time delivery
The reference time information shall correspond to a reference SFN, explicitly indicated in unicast signalling, FFS if inferred from the transmission of the SIB for SIB signalling.
R2 assumes the UE shall use the end of the reference SFN value as the precise point in time to which the reference time corresponds.
FFS whether the reference SFN refers to time in the future, past or whether this need to mandated one way or another. 

R2 assumes that some propagation delay compensation may be needed for distance > 200m. 
FFS what would be the method, e.g. based on current TA, and whether this can be left for UE implementation or something need to be specified. 



To progress the FFSes as well as details of reference time information based on LTE baseline, an email discussion with the following scope was proposed on the RAN2 reflector, which was further agreed during the online session:
· Progress FFS(es) related to reference SFN, i.e. 
· what is the reference SFN in case of SIB signalling 
· whether reference SFN refers to time in the future, past or whether this needs to be mandated one way or another
· Progress FFS related to propagation delay compensation, i.e. 
· whether this can be left for UE implementation or something needs to be specified
· what would be the method, e.g. based on current TA
· Reusing LTE baseline and potential differences, i.e.:
· which messages to use for unicast and broadcast time signalling, e.g. SIB9 and DL Information Transfer
· what should be the exact granularity
· reuse of other parameters / principles from LTE, e.g. inaccuracy, clock type, timescale, epoch
This document provides questions with respect to the aspects listed above and companies are requested to provide their views on those. Please note that the intention is to focus on items transparent to the synchronization design in higher layers as much as possible.
2	Discussion
2.1	Reference SFN
It was agreed that reference SFN for the timing information is explicitly provided in case of unicast signalling, similarly as in LTE Rel-15. In LTE, TimeReferenceInfo IE is defined as follows:
[bookmark: _Toc535571685]–	TimeReferenceInfo
TimeReferenceInfo information elements
-- 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

	TimeReferenceInfo field descriptions

	referenceSFN
This field indicates the reference SFN for time reference information. The time field indicates the time at the ending boundary of the SFN indicated by referenceSFN. The UE considers the frame indicated by the referenceSFN nearest to the frame where the field is received.
If the time field is included in SystemInformationBlockType16 and the referenceSFN field is not included, the time field indicates the time at the SFN boundary at or immediately after the ending boundary of the SI-window in which SystemInformationBlockType16 is transmitted.

	time, timeInfoType
This field indicates time reference with 0.25 us granularity. The indicated time is referenced at the network, i.e., without compensating for RF propagation delay. The indicated time in 0.25 us unit from the origin is refDays*86400*1000*4000 + refSeconds*1000*4000 + refMilliSeconds*4000 + refQuarterMicroSeconds. 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.
If time field is included in SystemInformationBlockType16, this field is excluded when estimating changes in system information, i.e. changes of time should neither result in system information change notifications nor in a modification of systemInfoValueTag in SIB1.

	uncertainty
This field indicates the number of LSBs which may be inaccurate in the refQuarterMicroSeconds field. If uncertainty is absent, the uncertainty of refQuarterMicroSeconds is not specified.



	Conditional presence
	Explanation

	TimeRef
	The field is mandatory present if TimeReferenceInfo is included in DLInformationTransfer message; otherwise the field is not present.



Based on that, it can be deduced that in LTE, if the time information is provided in SIB, it always indicates the time at the SFN boundary at or immediately after the ending boundary of the SI-window in which SIB16 is transmitted (even though the description in referenceSFN would suggest that it can be indicated explicitly, the description in the condition TimeRef seems to clarify this is not possible). It was proposed in some contributions to modify this rule and allow reference SFN to be indicated explicitly also in broadcast signalling, see e.g. [12]. This could allow avoiding issues with ambiguity e.g. in TDD deployments, when some UEs may receive SIB e.g. at the next SFN due to beam sweeping. On the other hand, in [3] an issue of additional overhead was indicated in case reference SFN is signalled. In general, the following options can be distinguished:
Option 1: Reference SFN is always provided also in broadcast signalling.
Option 2: Reference SFN is optionally provided and in case it is absent the SFN boundary at or immediately after the ending boundary of the SI-window in which SIB is transmitted is used as a reference.
Option 3: SFN boundary at or immediately after the ending boundary of the SI-window in which SIB is transmitted is always used as a reference.
Option 4: Reference SFN is hard-coded in specifications for broadcast signalling, e.g. maxSFN/2.
Option 5: Other option (please describe in the comments)
Question 1: Companies are requested to indicate their preferred approach and justify shortly the choice.
	Company
	Preferred Option
	Comments

	DOCOMO
	Option2
	It can be unified with unicast signalling solution to avoid the ambiguous boundary reference problem. This problem will not happen for FR1operation, thus optional provision is fine.

	vivo
	Option 3 or Option 4
	Firstly we consider that the SFN does not have to be broadcast, as the SIB period should be able to cover the beam sweeping period. If the network vendors/operators consider that the SFN is needed in the TDD deployment, we think the SFN can be hardcoded in the specification so as to save the broadcast signalling.

	Qualcomm
	Option 3
	We prefer Option 3 since we do not see any use cases benefiting from inclusion of a reference SFN (like in Options 1 and 2).
Option 4 does not seem to have any advantages over Option 3 and could lead to larger timing inaccuracy (as it could lead to less frequent refresh of timing information).

	Samsung
	Option 3
	Since SI-window is cell specific, we do not see any ambiguity.

	Intel
	Option 1
	Having a single mechanism as proposed in option 1 looks simpler and enough.

	CMCC
	Option 3  
	We prefer Option 3 since we cannot find the benefit of inclusion of a reference SFN in SIB.

	Ericsson
	Option 3
	Option 3 is the LTE baseline solution. 
On option 1 and 2, we do not see any benefits of explicitly SFN indication, since the SI window defines the period where the SI message may be transmitted, and it includes beam sweeping of the SI message in TDD deployment.  On option 4, we agree with Qualcomm. 

	MediaTek
	Option 3
	We should only broadcast fields that are necessary. In this case, we do not see a need for an explicitly signalled SFN. 
The SIB is only expected to be received within a SI window and the end of the SI window is known and fixed.

	ZTE

	Option 3
	We also think the similar mechanism of reference timing delivery from eNB to UE in LTE can be used for the reference timing delivery from gNB to UE, e.g., reference SFN is mandatory if TimeReferenceInfo is included in unicast message but would not present in SIB.
For broadcast case, we understand the time immediately after the ending boundary of the SI-window in which SIB including TimeReferenceInfo is transmitted is used as reference SFN. Taken into account the value range of si-WindowLength in NR is ENUMERATED {s5, s10, s20, s40, s80, s160, s320, s640, s1280}, the reference SFN would be clear for both UE and gNB.

	LG
	Option 1 or Option 4
	The Option 1 would be enough. However, if there is a concern for signalling overhead, The Option 4 could be considered.

	CATT
	Option 3
	Since the ambiguous boundary reference problem has already been resolved in LTE (UE considers the frame indicated by the referenceSFN nearest to the frame where the field is received), the same method could be reused and there is no need to exactly indicate a referenceSFN.

	OPPO
	Option 3
	The boundary of the SI-window where SI message is transmitted is known and fixed. All UE can identify a unique reference SFN according to the end point of the SI-window, and signaling overhead can be saved in this implicit way.

	Huawei
	Option 3 
	Reuse LTE baseline solution and we don’t see ambiguity regarding SFN border.

	Vodafone
	Option 3
	This options seems the most practical solution as the Synch timing is ‘fetched’ as the SIB leaves the boundary of the network. This methods avoids internal network delays. 

	Nokia
	Option 1 or Option 2
	We think indicating explicit SFN has some advantages, e.g. gives more flexibility for the gNB when encoding SIB9 and performing precise time stamping. Also, since the explicit indication is applied in case of unicast signalling, there is no additional complexity on the UE side. If option 2 is chosen, then network may choose not to signal reference SFN in cases where this causes issue with overhead.



Summary of replies for Question 1
Option 1: 3 companies
Option 2: 2 companies
Option 3: 11 companies
Option 4: 2 companies
NOTE: The companies indicating multiple options were counted as supporting for each of them. 
Majority of the companies prefer to apply the rule that “SFN boundary at or immediately after the ending boundary of the SI-window in which SIB is transmitted is always used as a reference.” in case the time reference information is provided with broadcast signalling. Based on this it is proposed:
Proposal 1: SFN boundary at or immediately after the ending boundary of the SI-window in which SIB is transmitted is always used as a reference in case the time reference information is provided with broadcast signalling.
In case reference SFN is indicated explicitly, another question is whether it refers to the SFN in the past, in the future or it is unspecified., e.g. it is the nearest SFN with an indicated number regardless of whether it is in past or in the future. In case of LTE, the description seems to follow the last of the mentioned options:
	referenceSFN
This field indicates the reference SFN for time reference information. The time field indicates the time at the ending boundary of the SFN indicated by referenceSFN. The UE considers the frame indicated by the referenceSFN nearest to the frame where the field is received.
If the time field is included in SystemInformationBlockType16 and the referenceSFN field is not included, the time field indicates the time at the SFN boundary at or immediately after the ending boundary of the SI-window in which SystemInformationBlockType16 is transmitted.



However, based on the discussions during RAN2#105bis meeting, the companies seemed to have different understanding on how this should be interpreted in LTE and how this should be performed in NR.
Question 2: Companies are requested to indicate their preferred approach and justify shortly the choice from one of the below options:
Option 1: The UE considers the frame indicated by the referenceSFN nearest to the frame where the time information is received, which can be either in the past or in future.
Option 2: The UE considers the frame indicated by the referenceSFN received in the past and nearest to the frame where the time information is received.
Option 3: The UE considers the frame indicated by the referenceSFN to be received in future and nearest to the frame where the time information is received.
	Company
	Preferred option
	Comments

	DOCOMO
	Option2
	It depends on the interpretation (either in the past or in future is fine), we prefer the frame indicated by the referenceSFN received in the past.

	vivo
	No strong preference
	We think that all solutions can work, and the network by implementation can avoid the SFN ambiguity for the UE.

	Qualcomm
	Option 1
	Option 1 appears to be aligned with LTE timing delivery.
Further, with option 1, a gNB implementation that prefers to point to a time in the past (like in option 2) or future (like in option 2) can do so by picking referenceSFN appropriately.

	Samsung
	Option 2
	In case of unicast delivery, the RRC message containing timing information could experience several retransmissions. In this case, “past time” is the safest approach when gNB updates the timing information immediately before the initial transmission of the RRC message.

	Intel
	Option 2
	As explained above and on other cases in the submitted contributions (e.g. NR-U), having the reference time provided as a reference from the past may be preferable.

	CMCC
	Option 1
	The selection on either in the past or in future always occurs on the reception time position near the SFN boundary. Hence, option 1 (considers the frame indicated by the referenceSFN nearest to the frame where the time information is received) seems more reasonable. 

	Ericsson
	Option 1 
	Option 1 is the LTE baseline and it is a general option that incorporates both option 2 and 3. 
In LTE solution, the reference SFN can be either in the past or in the future compared to when the RRC message is transmitted at eNB.  In addition, eNB might refer an SFN in the future when first transmitted at eNB, but after RRC re-transmission, it is received at the UE at the time this reference SFN would be considered as the past.
The above highlighted text in yellow by rapporteur is a clarification text to allow UE to correctly interpret the referenceSFN. Otherwise, UE might mis-interpret the referenceSFN as the one in the wrong SFN cycle (with 10.24 seconds difference). 


	MediaTek
	Option 1
	We expect that the NW will not refer to an SFN that is 512 radio frames away, at which point it can be ambiguously interpreted.

	ZTE
	Option 1
	We agree with Ericsson that considering the possibility of re-transmission, the referenceSFN nearest to the frame, allowed to be in the past or in the future, would be more flexible. The only need is that the distance between the frame indicated by the referenceSFN and the frame where this field is received would be less than 512 frames.  

	LG
	Option 2
	We also prefer the frame indicated by the referenceSFN received in the past

	CATT
	Option 1
	We agree with Qualcomm

	OPPO
	Option 1 
	We agree with Ericsson and ZTE. Option 1 is the baseline in LTE. As same as it is in LTE, the reference SFN can be either in the past or in the future compared to the time point the RRC message delivery, considering the RRC re-transmission.


	Huawei
	Option 1 
	We agree to reuse LTE baseline solution. As Ericsson pointed out, with the highlighted note, there would be no ambiguity for UE interpretation on SFN. 

	Vodafone 
	Option 1
	Agree with comments above that the Option 1 is aligned with the LTE baseline 

	Nokia
	Option 2
	Past (preferred) reference SFN allows e.g. to perform precise measurement & calculations for relation between conveyed time and SFN time base.   



Summary of replies for Question 2
Option 1: 9 companies
Option 2: 5 companies
No preference: 1 company
Majority of companies prefer that the UE considers the frame indicated by the referenceSFN nearest to the frame where the time information is received, which can be either in the past or in future. However, option 2, i.e. indicating the frame which is in the past also gained big support. Since, option 1 seems to allow to cover option 2 by network implementation, it is proposed:
Proposal 2: The UE considers the frame indicated by the referenceSFN nearest to the frame where the time information is received, which can be either in the past or in future.

2.2	Reusing LTE baseline and potential differences
2.2.1	Time reference information granularity
It was confirmed during RAN2#105bis that LTE Rel-15 approach for time reference information delivery is reused as a baseline. One deviation from this baseline is an agreement to introduce finer granularity of the timing information, which was agreed to be no less than 50 ns, but the exact number was not yet decided with many proposals seen in the contributions, e.g. 10, 16, 25, 31.25, 50 ns etc( [4][7][9][12][16][18] ). It is well understood that the lower the number, the higher the overhead and lower contribution to the overall synchronization accuracy error. However, it should be also noted that the choice of granularity may imply the frequency of the clock which needs to be utilized in the gNB, e.g. 10 ns requires 100 MHz clock, 16 ns requires 62.5MHz clock and so on. Another aspect which could be potentially considered is whether the granularity should in any way be related to Tc value as defined in TS 38.211 as it is often a point of reference for many parameters or requirements, which are expressed in the time domain, e.g. TA adjustment accuracy. 
Question 3: Companies are requested to indicate their preferred time information granularity (either a certain number or acceptable range) and justify their choice shortly.
	Company
	Preferred granularity
	Comments

	DOCOMO
	32.576ns
	From bit size point of view, 31.25ns is fine. From Tc value point of view, since Tc=0.509ns, the granularity can be multiple of Tc. So granularity of 32.576ns is reasonable. 

	vivo
	50ns
	It seems that 50ns is sufficient for the UE. Not sure how “31.25ns” can be used by the UE if the UE clock does not support the “0.25” granularity. We would assume that even though the network broadcast the “31.25ns” granularity, the UE would anyway need to truncate the received timing information to the granularity of 50ns.

	Qualcomm
	10ns
	Quantization error is an easily removable error which costs only few more bits of signalling. 
We do not see a need to provide the time as a function of Tc value, because the application that uses the time is not aware of Tc.
Update: We are generally okay with granularity values between 10-20 ns (preferably closer to 10ns). But, we have concerns about use of higher granularities. 
The error due to granularity could be a significant portion of total synchronization accuracy error for deployments using either low inter-site distances (ISD) or high sub-carrier spacings (SCS). For instance, Section 6.3.2.4 of TR 38.825 discussing analysis of synchronization error includes synchronization error values as low as 133ns (for 10m ISD) and -82 ns (for 120 kHz SCS).  

	Samsung
	50ns
	50ns seems sufficient because air interface error is assumed as roughly 500ns which is dominant factor of overall synchronization error.

	Intel
	50ns
	When reducing the granularity from 250ns to 50ns (i.e. 200ns reduction), the signaling is increased by 3bits, however when reducing by 25ns or 15ns or 5ns, there is a signaling increase of 1bit for each case, as explained in [4].

	CMCC
	50ns
	According to RAN1’s simulation result in the LS (R1-1901470) that 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, 50ns is sufficient to meet current timing synchronization TSN requirement.

	Ericsson
	10-50ns
	From the analysis during the study item, the inaccuracy introduced by each component is around dozens of nanoseconds. We think 16 ns could be an example number to consider, but we are open to further discuss the exact granularity number.

	MediaTek
	1 Ts (32.552ns)
	The base time unit i.e. the quantisation step in NR is 1 Tc as pointed out by Docomo. Using 1 Ts (64Tc) as the granularity seems reasonable, especially as this is the same unit used for timing advance. 

	ZTE
	31.25ns or 50ns

	RAN2 has been agreed that at least 50ns granularity should be provided. And we understand such granularity would be divisible by 1ms. 
Initially, taken into account 50ns granularity needs at least 15bits of refNanoSeconds, and 15 bits of refNanoSeconds can indicate at most 31.25ns granularity, we suggest to introduce 31.25ns. But if there has concern about 31.25ns, we are fine with 50ns for simplicity. 

	LG
	50ns
	50ns seems sufficient.

	CATT
	50ns
	50ns is sufficient to meet the TS22.104 requirements and further improving this accuracy will unnecessarily increase the NW equipment cost.

	OPPO
	50ns
	As we understood, the main contributor of time reference accuracy is 540ns and related to RAN1 estimation. Even if more accurate granularity is supported in RAN2 (e.g. 10ns), only the delta of accuracy in 20ns is improved but the overhead of 3 more bits is introduced in system information indication. Thus, we propose 50ns is sufficient.

	Huawei
	10ns-50ns
	Signalling load for finer granularity less than 50ns won’t be significant; on the other hand, the gain to be brought by finer granularity would not be significant either for reducing the total synchronization error. So within 10ns-50ns, it would be “small cost for small gain” calculation.

	Vodafone
	10ns
	With the current technology at hand and to future-proof the network for other ‘time-sensitive’ service, it would be ideal to have the highest granularity possible. We should be able to handle few additional processing of bits to provide accurate synch. 

	Nokia
	10 ns or 32.576 ns
	We prefer a value shorter than 50 ns (e.g. 10 ns) to minimize an error linked with granularity as this is an error which is the easiest to remove (compared to errors stemming from physical phenomena). In case the overhead (which we do not think is really the case) is an issue, we think 32.576 would be a nice value as it aligns with Ts.



Summary of replies for Question 3
· 10 ns: 3 companies
· 50 ns: 8 companies
· 31.25: 1 company
· 1 Ts, i.e. 32.576 ns: 3 companies (including Mediatek’s preference)
· No preference, i.e. open to anything between 10-50 ns: 2 companies (Ericsson, Huawei)
NOTE: ZTE and Nokia counted twice.
Majority of companies propose to agree on the 50 ns granularity of time information. However, many companies indicate that the error due to signalling could be easily further reduced with a very small additional overhead or no additional overhead in case granularity no smaller than 31.25 ns is agreed. It is therefore proposed:
Proposal 3a: Discuss whether it is worth increasing the overhead slightly to minimize the signalling related synchronization accuracy error (e.g. 2 bits). 
Proposal 3b: Depending on the outcome of the discussion, choose between 10 ns (in case increasing the overhead with 2 bits is acceptable) or between 31.25 ns and 32.576 ns in case increasing the overhead is to be avoided.

2.2.2	Exact messages used to deliver time information
In LTE the reference time information was delivered in SystemInformationBlockType16 for broadcast and with DLInformationTransfer message for unicast. In NR Rel-15, DLInformationTransfer message is also specified with similar purpose as in LTE while the SIB which corresponds to SIB16 in LTE, is SIB9. Thus, SIB9 and DLInformationTransfer message could be used for reference time information delivery, which seems to be assumed by many companies, but was not yet confirmed with direct agreement.
Question 4: Companies are requested to indicate whether they support using SIB9 and DLInformationTransfer message for reference time delivery in NR (yes/no). If not, please provide justification and indicate an alternative way.
	Company
	Yes/no
	Comments

	DOCOMO
	Yes
	Align with LTE rel-15 spec.

	vivo
	Yes
	

	Qualcomm
	Yes
	

	Samsung
	Yes
	

	Intel
	Yes
	OK with the same approach as LTE.

	CMCC
	Yes
	

	Ericsson
	Yes
	

	MediaTek
	Yes
	

	ZTE
	Yes
	

	LG
	Yes
	

	CATT
	Yes
	

	OPPO
	Yes
	

	Huawei
	Yes
	

	Vodafone
	Yes
	We don’t see any problem with this!

	Nokia
	Yes
	



Summary of replies for Question 4
All companies support using SIB9 and DLInformationTransfer message for reference time delivery in NR.
Proposal 4: SIB9 and DLInformationTransfer message are used for reference time information delivery.
2.2.3	Structure of reference time information
In LTE, TimeReferenceInfo IE is used for reference time information delivery and it comprises the following fields:
TimeReferenceInfo information elements
-- 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
The details of each of the field is discussed below, except for referenceSFN which was already discussed above.
2.2.3.1	Time
The field’s description in LTE is as follows:
	time, timeInfoType
This field indicates time reference with 0.25 us granularity. The indicated time is referenced at the network, i.e., without compensating for RF propagation delay. The indicated time in 0.25 us unit from the origin is refDays*86400*1000*4000 + refSeconds*1000*4000 + refMilliSeconds*4000 + refQuarterMicroSeconds. 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.
If time field is included in SystemInformationBlockType16, this field is excluded when estimating changes in system information, i.e. changes of time should neither result in system information change notifications nor in a modification of systemInfoValueTag in SIB1.



The following principles could be inherited from LTE design based on the copied description:
1. 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).
2. If time field is included in SystemInformationBlockType16, this field is excluded when estimating changes in system information, i.e. changes of time should neither result in system information change notifications nor in a modification of systemInfoValueTag in SIB1.
The aspects related to time info type and propagation delay are discussed separately below.
Question 5: Do companies support using “00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time)” as the origin of the time reference information, at least for the baseline case where time info type is not present or used (yes/no)? If not, please provide a justification and an alternative proposal.
	Company
	Yes/no
	Comments

	DOCOMO
	Yes
	Align with LTE rel-15 spec.

	vivo
	Yes
	

	Qualcomm
	Yes
	

	Samsung
	Yes
	

	Intel
	Yes
	OK with the same approach as LTE.

	CMCC
	Yes
	

	Ericsson
	Yes
	

	MediaTek
	Yes
	

	ZTE
	Yes
	

	LG
	Yes
	

	CATT
	Yes
	

	OPPO
	Yes
	

	Huawei
	Yes
	OK for the baseline case

	Vodafone
	Yes
	

	Nokia
	Yes
	



Summary of replies for Question 5
All companies support using support using “00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time)” as the origin of the time reference information, at least for the baseline case where time info type is not present or used.
Proposal 5: “00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time)” as the origin of the time reference information, at least for the baseline case where time info type is not present or used.
Question 6: Do companies support applying the rule that the filed used for reference time information delivery is excluded when estimating changes in system information? If not, please provide a justification.
	Company
	Yes/no
	Comments

	DOCOMO
	Yes
	 Align with LTE rel-15 spec

	vivo
	Yes
	

	Qualcomm
	Yes
	Yes, this allows more frequent updates of SIB9 without unnecessary additional signalling. This is also part of LTE specifications for delivery of time information.

	Samsung
	Yes
	

	Intel
	Yes
	OK with the same approach as LTE.

	CMCC
	Yes
	Or else, the overhead of paging for system information update cannot be negligible, especially for high timing synchronization accuracy with high update frequency.

	Ericsson
	Yes
	

	MediaTek
	Yes
	

	ZTE
	Yes
	

	LG
	Yes
	

	CATT
	Yes
	There is no reason not to follow LTE.

	OPPO
	Yes
	

	Huawei
	Yes
	

	Vodafone
	Yes 
	

	Nokia
	Yes
	



Summary of replies for Question 6
All companies support applying the rule that the field used for reference time information delivery is excluded when estimating changes in system information.
Proposal 6: The field used for reference time information delivery is excluded when estimating changes in system information.
2.2.3.2	Uncertainty
Another field present in TimeReferenceInfo IE in LTE is uncertainty defined as follows:
uncertainty-r15						INTEGER (0..12)				OPTIONAL,	-- Need OR
	uncertainty
This field indicates the number of LSBs which may be inaccurate in the refQuarterMicroSeconds field. If uncertainty is absent, the uncertainty of refQuarterMicroSeconds is not specified.



If this information is present, UE calculates the uncertainty of the time information and provides inaccuracy calculation to upper layers. This may be then considered by the application when utilizing time information. It may be especially important for TSC applications to be aware of any inaccuracy, if such exist, as they may lead to unexpected events or even dangerous failures in e.g. factory environment. Some companies have already indicated this information should also be included in NR, e.g. [7],[10],[16],[18].
Question 7: Do companies support specifying uncertainty parameter in the reference time information in NR (yes/no)? Please provide short justification, especially in case you think this is not needed. NOTE: The exact structure, e.g. range depends on granularity and can be sorted out later.
	Company
	Yes/no
	Comments

	DOCOMO
	Yes
	Same motivation as in LTE still holds for NR.

	vivo
	Not sure
	We consider that the network should provide accurate time information to the UE. If the network cannot ensure the accuracy of the provided time information, the network should reduce the granularity of the time information provided to the UE. It is not clear how the UE uses this information. Probably more discussion is needed on how the UE utilizes this information.

	Qualcomm
	Yes
	It appears to be useful. Usefulness is however conditional on RAN being able to determine uncertainty/inaccuracy of timing information and ability of UE applications to use it.

	Samsung
	Yes
	Agree with DOCOMO.

	Intel
	Yes
	OK with the same approach as LTE.

	CMCC
	Yes
	It seems reasonable since exist of accuracy uncertainty from UE and gNB equipment and implementation.

	Ericsson
	Yes
	This uncertainty parameter is beneficial, since it can account for gNB implementation, deployment and sync requirement (either 1 us or 10 us). In addition, it can also provide differentiated services to different UEs. 

	MediaTek
	No
	When timing information is provided to a TSC application in a factory environment, it should meet the accuracy requirements of the TSC application. The justification for the uncertainty value implies that things should be done the wrong way around, i.e. that the TSC application modifies its requirements based on an uncertainty value provided by the network. 

	ZTE
	Yes
	Agree with DOCOMO.

	LG
	Yes
	

	CATT
	Yes
	It can be beneficial for the PTP application e.g. when UE acts as a boundary clock, to know the uncertainty of the reference clock. UE can use it to derive the quality of its clock, which it must include in PTP announce messages towards downstream TSN bridges. 

	OPPO
	Yes
	It seems useful considering the accuracy uncertainty in equipment and implementation.

	Huawei
	Yes
	Agree with DOCOMO

	Vodafone
	Yes
	The uncertainty in the timing is inevitable. However depending on the granularity of timing information, this uncertainty should be quantified 
 

	Nokia
	Yes
	There are TSC applications which require, e.g. 10us synchronization accuracy and in this case the information may be provided with less granularity (i.e. with specified uncertainty). There may be also cases where very precise time information is not available temporarily, e.g. when master clock’s tracking is compromised, e.g., during holdover situation. In this case synchronization accuracy may be decreasing gradually over time according to estimated drift of internal clock. TSC UE should be made aware of the situations where there is such uncertainty in the time reference information and this can be achieved with providing uncertainty value. 



Summary of replies for Question 7
13 companies support specifying uncertainty parameter in the reference time information in NR. 1 company does not think it is useful and 1 company is not sure about the value of this information.
Proposal 7: Specify uncertainty parameter in the reference time information in NR in a similar manner as in LTE.

2.2.3.2	Time info type
In LTE Rel-15, it is possible to indicate that the provided time information refers to a local clock and, in this case, the origin of time is not specified in the specifications and left up to upper layers, e.g. can be delivered to the UE via application layer. This allows the network operator to provide time information using the clock used by a specific customer or a specific application. It was indicated in [8] that whether clock type signalling is needed depends on the choice of the TSN synchronization solution in SA2. On the other hand, in LTE it was introduced without considering TSN use cases and its usage may span beyond TSN use cases only. 
Question 8: Do companies support specifying time information type in the reference time information in NR (yes/no)? Please provide short justification for your choice.
	Company
	Yes/no
	Comments

	DOCOMO
	Yes
	It is beneficial for some use cases e.g. for solution 11 option4, the TSN working clock domain refers to 5G grand master clock.

	vivo
	Yes?
	Depending on the final decision of SA2, if multiple clock types can be provided via the SIB, probably we should have the time information type in the reference time information, as the UE needs to know which clock source the reference time is referring to.

	Qualcomm
	 FFS
	RAN2 feature of reference timing delivery is to facilitate end-to-end synchronization solutions being developed by SA2. We do not see other use cases which could use time information type. 
Hence, we recommend to wait for SA2 to decide on what type of time is intended to be communicated. Our understanding is that the time communicated is of only one type (i.e. a time that is shared by the UPF) and the local/universal distinction does not exist in the solution agreed in SA2 working assumption. 

	Samsung
	Yes/No
	It depends on SA2 progress. But we are open to introduce time info type for future usage.

	Intel
	Yes
	Even if it is not essential now, it might be good to keep it for future usage as indicated by Samsung.

	CMCC
	FFS
	It depends on SA2 progress. If solution#11-option 3 and similar solutions are adopted as final solutions, this type will not be needed.

	Ericsson
	No
	SA2 has agreed that the following solution class is the working assumption: 
Class2) Transparently conveying external PTP message(802.1AS message) in the user plane to the UE and Assuming all 5GS node are synchronized based on the internal 5GS GM 
Based on this, at the moment, there is no need to specify a clock type since the only clock type is the 5GS Grand master clock.

	MediaTek
	FFS
	Depending on outcome of SA2 discussions

	ZTE
	No
	From RAN2 perspective, we understand the purpose of the reference time delivery is just to align the time between UE and gNB, that doesn’t care what the clock type is.

	LG
	NO
	We don’t see any use case with the knowledge of the reference clock type. 

	CATT
	Yes
	We agree it depends on which solution SA2 chooses in the end, however supporting such field does not come with a big cost, brings commonality with LTE and is future-proof.

	OPPO
	No
	According to SA2 agreement, Solution 28A is considered as the working assumption for time synchronization of external TSN time domains. It is a method transparent to 5G system and all nodes in 5GS is only required to synchronize with 5G internal clock. Thus, we think there is no need to consider more than one clock types since only a single reference clock should be supported in 5GS. 

	Huawei
	No
	The only time information type is the 5GS internal time information based on the latest SA2 agreement, at least for R16.

	Vodafone
	Yes
	Need to keep it consistent with the LTE Rel 15. By allowing clock type to be known we would allow for future development 
For TSN use-case we are happy to align with SA2

	Nokia
	Yes
	If we considered only TSC cases, clock type signalling would not be necessary if SA2 decides to move forward with their working assumption. However, the usage of this field is not limited to TSC networks similarly as it was not targeted for TSC in LTE. There can be applications, which may work based on their own clock, e.g. with another epoch definition. For those, it is beneficial to keep this field with the similar definition as in LTE. 



Summary of replies for Question 8
· Yes: 5 companies
· No: 5 companies 
· Depending on SA2 progress: 4 companies (including vivo and Samsung)
There is a number of companies which indicate the decision on clock type field should depend on SA2 progress and the number of companies indicating that with the current SA2 assumption, we could already conclude this is not needed. On the other hand, several companies indicate that it would be worth having clock type field for the sake of future use cases and that its use can span beyond TSN networks as specified by SA2. It should be also noted that SA2 is still discussing the synchronization solution for TSN and has not yet made the final agreement on this aspect.
Proposal 8a: Discuss whether to specify clock type field in a similar manner as in LTE, i.e. for use cases not related to TSN.
Proposal 8b: Wait for final SA2 decision on synchronization solution for TSN to decide whether other enhancements related to clock type are needed specifically for TSN use cases.

2.3	Propagation delay compensation
It is mentioned in the description of the time field of TimeReferenceInfo in LTE that: “The indicated time is referenced at the network, i.e., without compensating for RF propagation delay.” It was agreed during RAN2#105bis meeting that propagation delay compensation may be needed for cell radiuses exceeding 200 m, which acknowledges what was already mentioned in RAN1 evaluation during SI phase. However, there was no consensus on whether any specifications work needs to be done for that:
	R2 assumes that some propagation delay compensation may be needed for distance > 200m. 
FFS what would be the method, e.g. based on current TA, and whether this can be left for UE implementation or something need to be specified.



The following main approaches could be seen, based on the companies’ contributions (e.g. [2], [5]) and discussion that took place during RAN2#105bis meeting:
Option 1a: Leave this up to UE implementation and do not specify any enhancements.
Option 1b: Leave this up to UE implementation but specify finer granularity of TA command to assist the UE calculation.
Option 2a: Specify in the specifications propagation delay compensation based on TA command (no TA granularity enhancements).
Option 2b: Specify in the specifications propagation delay compensation based on TA command and enhance TA granularity.
Option 3: Perform pre-compensation on the network side (up to network implementation) and add the indication in the network to UE signalling that the time information was pre-compensated. 
Option 4: Another solution.

Question 9: Companies are requested to provide their preferred option(s) in the table below and justify shortly their choice.
	Company
	Preferred option
	Comments

	DOCOMO
	Option2b
	From operator point of view, cell size (ISD>200m) deployment scenario is quite considerable, thus we prefer to supporting propagation delay compensation with higher TA granularity.  Also, we are open to discussion with companies on other solutions. 

	vivo
	Option 2a/2b
	According to the reference time accuracy evaluation in RAN1, the propagation delay compensation is based on TA. Companies can double check the detailed discussion papers in [19], [20], [21], [22] and [23], which all used the TA for the propagation delay compensation. 
Regarding whether the enhance TA granularity is needed, we think that this should be clarified by RAN1. Probably we can send an LS to ask some clarification questions regarding the TA-based propagation delay compensation.

	Qualcomm 
	Option 4
	Leaving to UE implementation could create interoperability issues especially given the tight synchronization accuracy requirements.
Work on this, if any, should be driven by RAN1 given that 
· RAN1 has not been included as a participating WG for this agenda item in IIoT WID objective, and 
· RAN1 has not agreed to use of TA for propagation delay compensation.



	Samsung
	Option 1b
	We think introducing synchronization accuracy requirements is sufficient. Based on the requirement, UE will do its best by the smart UE implementation, instead of a specific compensation mechanism. If the requirement is guaranteed, there will be no inter-operability issue at all.
Currently, TA granularity could be up to 0.5us which is coarse for TSC synchronization. Thus, we think some TA accuracy enhancement is needed. UE could use the enhanced TA value for propagation delay compensation. Anyway, the TA granularity enhancement should be done by RAN1. 
For option 2b, it might be quite complicated since UE may receive TA during RRC connected mode via MAC even without PRACH or SRS. However, there may have some misalignment between UE and gNB due to implementation error of TA. For example, gNB indicate UE with +1us TA, and UE may try to +1us as gNB indicated, however, the actual TA adjustment may have error, e.g., UE actually only +0.5us TA and UE doesn’t know about. But if the spec requests UE to accumulate with every TA command, this kind of error may be accumulated every time after TA/timing adjustment. So, it is might be better for UE to decide when to compensate the propagation delay, e.g., based on its clock drift accuracy. PRACH can always be used for UL sync as UE implementation.

	Intel
	Option 1a and 3
	Option 3 is preferable for the network to estimate and pre-compensate for the propagation delay on per-UE basis when in RRC_CONNECTED. Therefore UE-specific signaling could indicate and/or fine-tune the indicated time reference. 
Option 1a (or even 1b) could also work understanding the potential error from the corresponding UE's estimation of propagation delay, which may include the components' errors involved in the estimation due to TA indication error and DL reference timing error (i.e., no impact from TA command granularity and Te in propagation delay estimation). Moreover there might be cases where TA information might not be valid to be used by the UE. If companies want to discuss finer granularity of TA command (as per option 1b), RAN1 should be contacted for inputs.

	CMCC
	Option 2b
	Supporting propagation delay compensation with higher TA granularity is a kind of straightforward approach.

	Ericsson
	Option 4
	We agree with Qualcomm that RAN1 has not agreed to use TA for propagation delay compensation. Note that TA is not designed for accurate timing compensation for the service like 1us time synchronization. 
Option1, option 2 and option 3 are all based on the existing TA mechanisms. A better granularity of the TA command can only reduce some of the errors and improve the situation. Another issue is that the network might not know if the device has correctly applied accumulated TA commands. To sum up, we think a cooperative network/UE approach would be needed, but this discussion should involve RAN1. 

	MediaTek
	Option 3
	In scenarios where propagation delay compensation need not be performed (small cells, or lower time accuracy requirements) broadcast or unicast distribution of time can be used. 
However, in scenarios where propagation delay compensation needs to be performed, only unicast time distribution should be used. The reason is that propagation delay compensation is expected to be done with the aid of TA, and this information would anyways need to be periodically provided to each UE separately in unicast messages. 
Currently, TA is calculated by the NW and provided to the UE in large quantisation steps of 16Ts. Rather than having the UE estimate delay compensation based on this inaccurate TA information, the NW is in a better position to accurately estimate the propagation delay and compensate for this when passing time information to the UE in the unicast message.

	ZTE
	Option 2a
	According to RAN1 evaluation in 38.825, for the larger service areas with more sparse cell deployments (e.g. for inter-site distances >200m), the propagation delay compensation by the UE is needed, and then the timing synchronization error of no worse than 540ns between a gNB and a UE still can be achievable. Based on that, 1us synchronization granularity between UPF and UE can be obtained. 

We understand UE should perform propagation delay compensation with /2. No TA granularity enhancements are needed. 
Moreover, when to perform the propagation delay compensation for accurate time delivery can be left to UE implementation. UE can always perform the propagation delay compensation once the valid TA is available.

	LG
	Option 1a and 3
	Same view as Intel. 

	CATT
	Option 1-a, FFS 1-b in RAN1
	We agree with Samsung that all that needs to be specified in the synchronization requirement (RAN4) and the exact algorithm can be left to UE implementation. Whether this requires enhancing the TA granularity should be assessed by RAN1.

	OPPO
	Option 1a
	According the RAN 1 LS, it points out: The propagation delay compensation needs to be applied by the TSN UEs for larger service areas with more sparse cell deployments. And it also points out: A timing synchronization error between a gNB and a UE no worse than 540ns is achievable. It means that 1us synchronization accuracy can be achieved even with propagation delay compensation. Hence, since no special requirement or solution to compensate propagation delay is mentioned in the LS from RAN1, it can be concluded that synchronization accuracy can be achieved no matter which approach is selected for propagation delay compensation. In addition, in the LS, no issue is mentioned in RAN1 evaluation or no enhancement or specification work is required to RAN2 from RAN1. Thus, we propose to leave this up to UE implementation.
On the other hand, we also think the issue on propagation delay compensation should be driven and triggered by RAN1. Thus, we are open to further consider any enhancement or normative work if RAN1 requires.

	Huawei
	FFS
	We agree with DOCOMO that for cell size (ISD>200m) deployment propagation delay compensation needs to be considered, and we are open to discuss on different solutions.

	Vodafone
	Options primarily 2b and secondary 2a
	We agree with comments made by Qualcomm and that if it is left to the UE implementation it out eventually create Inter-operability issues and we can see different UEs behaving differently in the same cell.
However another issue that we can envisage is the TA size and design: for dense environment TA size would be small and similar to its neighbours and hence the propagation delay can be calculated with confidence, however for rural areas where the TA are larger and irregular it may be difficult to apply compensation purely on the TA size or varying cell radii (see also comments by OPPO) 

	Nokia
	1a/2a for now and 2b or 4 in later releases 
	1a/2a is sufficient for all current use cases as can be seen from RAN1 evaluation captured in TR 38.825. Better granularity through dedicated signalling may be extended in later releases, but is not crucial at the moment. 
We do not quite understand the comments stating that RAN1 did not agree on use of TA. Every single analysis from companies in RAN1 seem to use TA for propagation delay compensation as indicated by vivo.
In general, we think this could be based on UE implementation, but we would be OK to consider specifying this somewhere explicitly. However, at the moment, it is unclear to us where such enhancement should be specified, e.g. which RAN1 specifications. Should we involve RAN4 as well?



Summary of replies for Question 9
· Option 1a: 5 companies
· Option 1b: 1 company + 1 company FFS for RAN1
· Option 2a: 4 companies (including Vodafone)
· Option 2b: 4 companies
· Option 3: 3 companies
· Option 4: 2 companies
NOTE: The companies indicating two options were counted twice.
Since the above is not conclusive the following counts were also made:
· Consolidated count for UE implementation based solution and for TA based solution:
· Option 1, i.e. based on UE implementation (including both 1a and 1b): 6 companies
· Option 2, i.e. based on Timing Advance command (including both 2a and 2b): 6 companies
· Consolidated count for increasing TA granularity vs. not increasing TA granularity:
· Increase TA granularity: 4 companies
· Not increase TA granularity: 6 companies
It seems that companies have differing views on all of the aspects. Before making the decision, it is proposed to clarify several related issues with RAN1 by sending the LS: 
1. What method did RAN1 assume for propagation delay compensation in their synchronization accuracy analysis in IIoT study (as per results captured in TR 38.825), e.g. was it TA based or based on another method.
2. Does RAN1 see the need for specifying any propagation delay compensation requirements or enhancements in order to meet the synchronization requirements as studied in IoT SI?
3. If the answer to question 2 is yes, is RAN1 able to perform such work within the time frame of Rel-16?
Proposal 9: Send an LS to RAN1 requesting for the following clarifications on propagation delay compensation:
1. What method did RAN1 assume for propagation delay compensation in their synchronization accuracy analysis in IIoT study (as per results captured in TR 38.825), e.g. was it TA based or based on another method.
2. Does RAN1 see the need for specifying any propagation delay compensation requirements or enhancements in order to meet the synchronization requirements as studied in IoT SI?
3. If the answer to question 2 is yes, is RAN1 able to perform such work within the time frame of Rel-16?
2.4	Other aspects
Question 10: Do companies see any further aspects that were omitted above and are in the scope of this e-mail discussion? 
	Company
	Yes/no
	Comments

	DOCOMO
	
	Whether any Unicast/Broadcast signalling that supports multiple TSN time domain should be taken into account. 

	vivo
	
	Agree with DCM that the support of multiple TSN time domains should be considered. However we consider that this may also rely on the final solution selected by SA2.

	CMCC
	
	This depends on SA2 progress. If solution#11-option 3 and similar solutions are adopted as final solutions, how to support of multiple TSN time domains will not be taken into consideration in RAN2.



Some companies indicate that, depending on SA2 progress, RAN2 might need to further work on support of multiple clock domains. Since SA2-dependent discussion were out of scope of this discussion and SA2 is still working on this issue, there is no proposal on this aspect at the moment.

3	Summary
[bookmark: _Hlk6406644]TBD
Proposal 1: SFN boundary at or immediately after the ending boundary of the SI-window in which SIB is transmitted is always used as a reference in case the time reference information is provided with broadcast signalling.
Proposal 2: The UE considers the frame indicated by the referenceSFN nearest to the frame where the time information is received, which can be either in the past or in future.
Proposal 3a: Discuss whether it is worth increasing the overhead slightly to minimize the signalling related synchronization accuracy error (e.g. 2 bits). 
Proposal 3b: Depending on the outcome of the discussion, choose between 10 ns (in case increasing the overhead with 2 bits is acceptable) or between 31.25 ns and 32.576 ns in case increasing the overhead is to be avoided.
Proposal 4: SIB9 and DLInformationTransfer message are used for reference time information delivery.
Proposal 5: “00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time)” as the origin of the time reference information, at least for the baseline case where time info type is not present or used.
Proposal 6: The field used for reference time information delivery is excluded when estimating changes in system information.
Proposal 7: Specify uncertainty parameter in the reference time information in NR in a similar manner as in LTE.
Proposal 8a: Discuss whether to specify clock type field in a similar manner as in LTE, i.e. for use cases not related to TSN.
Proposal 8b: Wait for final SA2 decision on synchronization solution for TSN to decide whether other enhancements related to clock type are needed specifically for TSN use cases.
Proposal 9: Send an LS to RAN1 requesting for the following clarifications on propagation delay compensation:
1. What method did RAN1 assume for propagation delay compensation in their synchronization accuracy analysis in IIoT study (as per results captured in TR 38.825), e.g. was it TA based or based on another method.
2. Does RAN1 see the need for specifying any propagation delay compensation requirements or enhancements in order to meet the synchronization requirements as studied in IoT SI?
[bookmark: _GoBack]3. If the answer to question 2 is yes, is RAN1 able to perform such work within the time frame of Rel-16?
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