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1 Introduction
This is the report of the following offline discussion: 

· [AT109bis-e][025][IIOT] Accurate Reference Timing (Vivo)

Status: Not yet Started, will be started after on-line session April 21

Scope: Treat topics in 6.7.2.1, open issues and corrections, in particular parts of R2-2003809 that are not treated on-line.

Part 1: Determine which issues that need resolution, find agreeable proposals. Deadline: April 24 0700 UTC

Based on the following RAN2 agreements, the offline discussion is to define the signalling details of the UE request of the reference time information and to resolve some open issues of R2-2003809 which are not treated on-line.

	· The CONNECTED UE can request the reference time information. 

· Offline : the signaling solution, (iron out what are the two proposals and their fundamental difference)




2 Discussion

2.1 Issue 1: UE request of reference time

According to the summary paper [13], companies proposed two options for the request of the reference time:

· Option 1: The request of the reference time information is sent via the UEAssistanceInformation message
· Option 2: The request of the reference time information is sent via the DedicatedSIBRequest message

The text proposals for Option 1 is given in Annex A, and the text proposals for Option 2 is represented as Option 2-1 in Annex B (by adding reference SFN for UTC time) and Option 2-2 in Annex C (by explicitly indicating the request of reference time information). 

For Option 1, it seems that the only change is to add the request of the reference time information in the UEAssistanceInformation message, and the reference time information is sent via the DLInformationTransfer message as the current specification.

For Option 2
, the request of the SIB9 is added in the DedicatedSIBRequest message. As the SIB9 includes both the legacy time (i.e. the Rel-15 timeInfo of UTC) and the IIOT time (i.e. the referenceTimeInfo-r16 of IIOT), if the UE only indicates the request of SIB9 as Option 2-1 in Annex B, the gNB is not able to know which time information is requested by the UE. Thus the gNB (e.g. by implementation) would send the RRCReconfiguration message 
containing the whole SIB9 to the UE. One extra change in the specification would be to add the reference SFN also for the Rel-15 timeInfo of UTC. If the UE explicitly indicates the request of the reference time information as Option 2-2 in Annex C, the gNB can send the reference time information via the DLInformationTransfer message. The request of the Rel-15 timeInfo of UTC would still be via the RACH procedure of SI request.
Question 1: Which message is used to send the request of the reference time information?
· Option 1: The request of the reference time information is sent via the UEAssistanceInformation message
· Option 2: The request of the reference time information is sent via the DedicatedSIBRequest message

	Company
	Answer (Option 1 or Option 2)
	Comments

	vivo
	Option 1 or Option 2
	We think that both Options can work, but we should probably avoid the impact on the reception of the legacy UTC time.

The Option 2-2 of explicitly indicating the request of reference time via the DedicatedSIBRequest message seems to be the simplest one from the specification.

	OPPO
	Option 2
	Both Option 1 or Option 2 are Ok. But still slightly prefer Option 2 since it is close to the end of standardization. Option 1 works fine, but standardization of requesting for reference time information needs to be done from the scratch.

	Ericsson
	Option 1
	We are not okay with option 2. In addition to the complexities discussed online and summarized above, option 2 also creates inter WI-feature dependencies. We don’t think this is good for IIoT eco-system if we couple it with another specific and somewhat unrelated feature. 

For option 1, we can follow similar procedures as other messages sent in UEAssistantInformation. This option also comes with the benefits of extensibility without combability issue with other on-demand SI features. 

	Samsung
	Option 1.
	We agree with Ericsson. “We don’t think this is good for IIoT eco-system if we couple it with another specific and somewhat unrelated feature”

For option 1, Nokia’s TP looks good. We do not expect further technical problem.

	MediaTek
	Option 1
	We agree with using UE assistance

	ZTE
	Option 1
	We agree with above thinking for UEAssistantInformation.

For Option 2, generally, the text proposal in Annex B and Annex C are incomplete. There may need more changes in the procedure text. For example, for both Option 2-1 and Option 2-2, “5.2.2.3.x Request for on demand system information in RRC_CONNECTED” may need changes, at least the condition of “according to the si-SchedulingInfo in the stored SIB1” may not need. For Option 2-2, “5.2.2.3.y
Actions related to transmission of DedicatedSIBRequest message” may also need changes about setting the explicit reference time request indication.
For Option 2-1, firstly, we agree with vivo that option 2-1 has impact on the reception of the legacy UTC time. Secondly, we completely disagree the below company’s assumption on option 2-1 that the response of OSI request is solely for timing synchronization for TSC usages. Per our understanding, if we agree to reuse OSI, it should also allow the R16 UE to request R15 TimeInfo when the UE has no TSC service. Then the main concern for option 2-1 is how the gNB determines what kind of request the UE sends, SIB9 with TimeInfo or SIB9 with ReferenceTimeInfo? Without additional indication for requesting accuracy reference time, the gNB would always send SIB9 with both ReferenceTimeInfo and TimeInfo. This is unnecessary overhead not only on the air interface but also on UE process. 

For Option 2-2, we understand it has assumption that response to OSI is DLInformationTransfer. It looks simple but, we think the current changes in Annex C, e.g, “Contains a list the UE is allowed to request while in RRC_CONNECTED. The value referenceTime indicates the request of the referenceTimeInfo of SIB9.” is not aligned with the mentioned intention as it still indicates to send the referenceTimeInfo of SIB9. If we follow the changes in Annex C, it’s still not clear how to send such SIB9, via broadcast or via RRCReconfiguration, especially for a UE with common search space? More changes are needed for clarification. If we modify the changes as “Contains a list the UE is allowed to request while in RRC_CONNECTED. The value referenceTime indicates the request of the referenceTimeInfo via DLInformationTransfer”, we think it may bring challenge to the design principle of dedicated SIB request scheme. Does it means the dedicated SIB request scheme is used for requesting any separate IEs of SIB(s)? 

With these concerns for Option 2, we also prefer the clean one, Option 1.

	Nokia
	Option 1
	We think this option is cleanest and can be easier extensible in future without impacting OSI framework. We agree that both options work though.

	Huawei
	Option 2
	We think both Option 1 and Option 2 could work but we slightly prefer Option 2. 

	CATT
	Option 2
	Also agree with others that both work but Option 2-1 is the simplest solution with least specification effort. At this late stage it seems to us that it is the safest approach. Option 1 will require going in the usual UAI discussions regarding e.g. triggering condition, need for prohibit timer (yes/no/value? Annex A does not capture any?), configurability and potential grouping with other UAIs, interpretation of optional fields, etc…

The recurring argument against Option 2-1 is that gNB does not know if UE requires TimeInfo or ReferenceTimeInfo thus gNB would always send both in SIB9. And UE makes use of the one it needs. We don’t think it is a big issue. It may not be optimal but it is certainly sufficient for Rel-16 and would allow closing this issue faster than other options.

	III
	Option 1
	We think both options can work. Option 1 is more extensible. 

	Intel
	Option 2
	We understand that both options are feasible but have slightly preference to use the same solution when UE requests the transmission of any SIB, as per option 2 (i.e. “request of the reference time information is sent via the DedicatedSIBRequest message”), unless there are major issues identified when implementing its CR.

	LG
	Option 1
	Option 1 is cleaner

	CMCC
	Option 1
	We support option 1, since it can reuse the current assistant information procedure and message with additional new IE. And to our understanding, whether it is better to add the required time reference accuracy information which UE acquired from application layer for assistant of future enhancement in next version, e.g. propagation delay compensation.


Question 2: If the Answer for Question 1 is Option 2, should the reference SFN be added for the Rel-15 timeInfo of UTC as given in the Option 2-1 of Annex B?

	Company
	Answer (Yes/No)
	Comments

	vivo
	No
	This depends on how the CONNECTED UE indicates its request of the reference time.

If the DedicatedSIBRequest message includes the explicit indication of “the request on the IIOT referenceTimeInfo”, the gNB can send the reference time information to the connected UE via the DLInformationTransfer message without adding the reference SFN for the UTC time.

For the request of the Rel-15 timeInfo of UTC, the CONNECTED UE can still trigger RACH-based SI request.

	OPPO
	No
	We need to say UTC time info is not needed for the TSN synchronization purpose. We should pursue that the response of OSI request from the network for the SIB 9 is solely for the achieving 5G internal timing synchronization for TSC usages. 

	Ericsson
	
	The question is whether the proposal is to support Rel-15 version of SIB9, Rel-16 version of SIB9 or a specific field in the Rel-16 version of SIB9.  

	MediaTek
	No
	It is unclear to us why a reference SFN for rel-15 time info is being discussed here, as it is not relevant to our discussions on TSN

	Nokia
	
	If it would be possible for a UE to request SIB9 via OSI, then gNB should have an option of providing it via RRCReconfiguration, as for any other SIB. In this case UTC reference SFN should be included in SIB9.

	Huawei
	
	For Option 2, we suspect there is some misunderstanding regarding our Tdoc [10], and we are actually proposing “UE in RRC Connected can request SIB9 by reusing OSI mechanism without indication.” [12]. “Adding reference SFN on UTC time” is not intended as “indication” within OSI mechanism, but used to avoid ambiguity when UTC time is delivered via unicast.

	CATT
	Yes
	For OSI, “reference SFN” is not needed to receive timeInfo when SIB2 is broadcasted because UE can infer it from the SI window. If unicast is used, “reference SFN” needs to be explicitly provided to derive timeInfo. This is the only change we need to do in IIoT WI for reusing OSI in Rel-16.
To answer the above questions on whether Option 2-1 supports “Rel-15 version of SIB9, Rel-16 version of SIB9 or a specific field in the Rel-16 version of SIB9”, one can simply look at the TP in Annex B. 

	Intel
	No
	Rel-16 mechanism to request a given SIB in RRC_CONNECTED is only applicable for R16 SIBs (i.e. it is not applicable for Rel-15 SIBs).  It is not clear to us whether there is a need to transfer the rel-15 fields to UE in connected mode.  Hence the on-demand request in connected mode can apply only for the Rel-16 fields of SIB9 therefore there is no need to define specific indication to differentiate the applicability to Rel-16 SIB9. So we do not see the need of defining a new reference SFN for the Rel-15 timeInfo of UTC in relation to R16 IIOT feature (which relies on a ReferenceTimeInfo-r16). However, we would like to ask supporting companies for their clarification on the motivation for Rel-16 IIOT use cases where Rel-15 timeInfo is required. 

	CMCC
	
	Firstly, we should achieve a conclusion whether the UE can request the gNB to send a Rel-15 time reference information, then whether “reference SFN” is needed can be determinate. And which message will be used to transmit the time reference information, RRCReconfiguration or the DLInformationTransfer also depends on the selection.  


Question 3: If the Answer for Question 1 is Option 2, should the UE explicitly indicates the request of reference time information as given in the Option 2-2 of Annex C?

	Company
	Answer (Yes/No)
	Comments

	vivo
	Yes
	Both Option 1 and Option 2-2 provide the explicit request of the reference time information. This can avoid the impact on the reception of the legacy UTC time. 

	OPPO
	No
	The only reason why SIB9 could be requested by taking advantage of OSI mechanism is that there is a new IE ReferencetimeInfo introduced in R16. So we should choose option 2-1.

	Ericsson
	
	The same as above. The question is whether the proposal is to support Rel-15 version of SIB9, Rel-16 version of SIB9, or a specific field in the Rel-16 version of SIB9.   

	MediaTek
	
	Agree with Ericsson. We need to decide whether and how to differentiate between the OSI requests for Rel-15 and Rel-16 versions of SIB9

	Nokia
	Probably not
	It would be preferential to be able to indicate this explicitly, but that would be against the previous approach that the granularity of OSI request is “SIB”. 

	Huawei
	
	We believe gNB would be able to determine, after receiving UE request for SIB9, to deliver which part of time information to this UE.

	CATT
	No
	We don’t think it is necessary to introduce an explicit indication, which adds further complexity.

We don’t get the question from MediaTek since only Rel-16 UEs can request SIBs in RRC_CONNECTED.

	III
	
	Agree with vivo.

	Intel
	-
	We share the view explained that we need to decide whether there is a need to differentiate between the OSI requests for Rel-15 and Rel-16 versions of SIB9. In our understanding, for Rel-16 IIOT, UE’s request would mainly address ReferencetimeInfo introduced in R16.

	CMCC
	
	If we follow the current on-demand SI request mechanism, there is no way to differentiate between the OSI requests for Rel-15 and Rel-16 versions of SIB9. If the identification is needed, the optimization on finer the granularity of on-demand SI request is required.  


In [8], company proposes that the UE can indicate the delivery periodicity of the reference time, as the TSC service period is generally long and the UE would need to be calibrated periodically due to the clock drifting. Thus the gNB can send the updated reference time information to the UE without the frequent/periodic report of the reference time information from the UE. From the rapporteur’s understanding, this assistance information is common for the above two Options.

Question 4: Can the UE indicate the delivery periodicity of the reference time?

	Company
	Answer (Yes/No)
	Comments

	vivo
	No strong view
	This seems to be an enhancement on the request signalling. From our understanding, the UE can send a new request of the reference time information when its internal clock drifts.

	OPPO
	No
	Agree with vivo that UE can request the reference time information when needed. Unnecessary Optimization should be avoided.

	Ericsson
	No
	From a practical point of view, the periodicity of the clock update depends on the clock stratum level performance of the UE. As discussed previously in this work item, all UEs should be equipped with adequately-well clock for this feature to make any sense. gNB can assume a worst case and use a corresponding periodicity for reference time transmissions in broadcast message, which we don’t expect to be very frequent. In unicast message, it might help to reducing the RRC unicast message delivery to a particular UE, but we don’t think it is crucial. 

Note also that UE tracks the frame boundary to perform UL transmission. In other words, it is somehow synced to the gNB’s internal clock. With this, UE might continuously deduct the reference time (considering propagation delay compensation updates) even without receiving an update. 

	Samsung
	No
	

	MediaTek
	No strong view
	We are open to having such an indication

	ZTE
	Yes
	We have doubt on the above assumption that “all UEs should be equipped with adequately-well clock” as this obviously would cause higher device cost.

So we still think the UE’s clock is prone to drift when it has high accurate reference timing and stays at RRC_CONNECTED for a long time. Then periodical calibration would be needed for the UE to maintain the timing. The periodicity would depend on the UE’s crystal oscillator precision and time drift degree, which may be different for different UEs. Accordingly, the request for reference time from UE may also be frequent. 

In order to avoid this, an accurate reference timing delivery periodicity can be introduced in the UE request, e.g., only one request can trigger periodically accuracy reference timing delivery.

For the note mentioned by Ericsson, we understand it can only guarantee SFN synchronization, but not 10ns-level synchronization.

	Nokia
	Yes
	We think this is useful information for the network to adjust periodicity of the signalling. This can be easily added into the UE Assistance Information option. We do not see how this could be done with OSI option.

	Huawei
	No
	When UE is allowed to request reference time, such periodicity information might not be needed.

	CATT
	No
	Agree with vivo. Further optimization can be left to R17.

	III
	No
	Agree with OPPO. The UE can request the reference time information when needed.

	Intel
	No
	This enhancement does not seem critical and its justification is not very clear to us.

	LG
	No
	

	CMCC
	Yes 
	Considering the actual industrial application, the reference time deviation of the different equipment for different service is possible not same.


2.2 Issue 2: Reference time encoding

The paper [9] proposes that the Rel-16 10ms resolution of the GPS reference time is not provided when the Rel-15 10ms resolution of the GPS time in SIB9 is provided. The papers [2] [7] consider that the Rel-16 GPS time should be independently configured. In [2], the reasons for the independent configuration would be as follows:

· The high accuracy time is from GPS receivers and and there might be some complexity (resulting in loss of accuracy) in the translation between GPS time and UTC time at both gNB and UE

· UTC contains leap seconds (i.e. the UTC time is advanced by 1 second about once every 2 years to account for anomalies in the earth’s rotation).

· UTC has the year 2038 problem (wrap around occurs at 03:14:07 UTC on 19 January 2038).

Question 5: Can companies confirm that the GPS time of the Rel-16 reference time information is provided independently without using the Rel-15 GPS 10ms resolution of SIB9, as the current specification?
	Company
	Answer (Yes/No)
	Comments

	vivo
	Yes
	The signalling saving enhancement proposed by [9] seems not essential, and could cause more issues as observed by [2] and [7].

	OPPO
	Yes
	Agree with the reasons given by [2].

	Ericsson
	Yes
	

	Samsung
	Yes
	

	MediaTek
	Yes
	

	ZTE
	Yes
	

	Nokia
	Yes
	We think that mixing time information from two different sources could be error-prone. There is nothing wrong with the current approach and we should stick to it.

	Huawei
	Yes
	

	CATT
	Yes
	

	III
	Yes
	

	Intel
	Yes
	

	LG
	Yes
	


The paper [2] proposes to use a single field to represent the Rel-16 reference time “to simplify the encoding of the accurate reference timing”. The paper [7] considers that “the issue with single information element with 10ns steps is that it would exceed the range of 64bit unsigned integer numbers, which may introduce unnecessary computational complexity”. The one field encoding of the reference time in [2] is quoted as follows:

	ReferenceTimeInfo-r16 ::= SEQUENCE {

    time-r16                            
INTEGER (0.. 576460752303423486),

    uncertainty-r16                     INTEGER (0..32767)          OPTIONAL,   -- Need R
    timeInfoType-r16                    ENUMERATED {localClock}     OPTIONAL,   -- Need R

    referenceSFN-r16                    INTEGER (0..1023)           OPTIONAL    -- Cond RefTime

}








Question 6: Do you agree to simplify the reference time encoding by using one field?
	Company
	Answer (Yes/No)
	Comments

	vivo
	No
	Firstly we consider that the UE complexity of supporting 64bit unsigned integer numbers as observed by [7] is a valid technical issue. And we don’t think that the one field encoding simplifies the specification.

	OPPO
	No
	No strong reason to change the current agreed encoding format of ReferenceTimeInfo-16. 

	Ericsson
	Yes
	Since all fields in IE ReferenceTime are mandatory, the proposal is to simplify the encoding that can save a couple of bits. The reason is that the individual mandatory field within the IE ReferenceTime is not a power of two. In addition, we can align a bit better with the UTC time encoding. 

The new field has 59 bits (2^59-1 = 576460752303423486), if they are encoded as un-signed integers. It is smaller than 64 bits. Maybe we’ve misunderstood the concerns. Note that UTC time has 39 bits and so 32 bits are already exceeded.

If there are no technical concerns, we propose to adopt the simplification. Otherwise, we are fine to leave as it is. 

	Samsung
	No
	The single field encoding reduces the readability. It may not be so good for field test. We do not prefer to change.

	MediaTek
	No
	As the difference is just two bits, the savings do not justify changing the current agreed format

	ZTE
	No
	Have sympathy with above comments.
Moreover, why the maximum value is 576460752303423486? We assume it may be 576460752303423487 (2^59-1).

	Nokia
	No
	It seems we miscalculated indeed the number of bits required, apologies for that. Still, we would propose to keep the original structure, e.g. for the sake of UE optimization, which could only track changes in the more granular fields when receiving subsequent messages.

	Huawei
	No
	Don’t see a strong motivation to make this change.

	CATT
	No
	We think it is a minor optimization.

	III
	No
	No strong motivation to make the change.

	Intel
	No
	We share the view that there is not strong motivation for this change.

	LG
	No
	


3 Conclusion

TBD
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Annex A: Option 1: UE assistance information [7]

5.7.4
UE Assistance Information

5.7.4.1
General
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Figure 5.7.4.1-1: UE Assistance Information

The purpose of this procedure is to inform the network of the UE's delay budget report carrying desired increment/decrement in the connected mode DRX cycle length, or overheating assistance information.

5.7.4.2
Initiation

A UE capable of providing delay budget report in RRC_CONNECTED may initiate the procedure in several cases, including upon being configured to provide delay budget report, upon change of delay budget preference and upon change of interest in reference time information.

A UE capable of providing overheating assistance information in RRC_CONNECTED may initiate the procedure if it was configured to do so, upon detecting internal overheating, or upon detecting that it is no longer experiencing an overheating condition.

Upon initiating the procedure, the UE shall:

1>
if configured to provide delay budget report:

2>
if the UE did not transmit a UEAssistanceInformation message with delayBudgetReport since it was configured to provide delay budget report; or

2>
if the current delay budget is different from the one indicated in the last transmission of the UEAssistanceInformation message including delayBudgetReport and timer T342 is not running:

3>
start or restart timer T342 with the timer value set to the delayBudgetReportingProhibitTimer;

3>
initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to provide a delay budget report;

1>
if configured to provide overheating assistance information:

2>
if the overheating condition has been detected and T345 is not running; or

2>
if the current overheating assistance information is different from the one indicated in the last transmission of the UEAssistanceInformation message including overheatingAssistance and timer T345 is not running:

3>
start timer T345 with the timer value set to the overheatingIndicationProhibitTimer;

3>
initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to provide overheating assistance information;
1>
if configured to provide reference time assistance information:

2>
if the UE did not transmit a UEAssistanceInformation message with referenceTimeInfoRequired since it was configured to provide reference time assistance information; or
2>
if the UE preference to receive reference time information changed from the last time UE initiated transmission of the UEAssistanceInformation message including referenceTimeInfoRequired:
3>
initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to provide reference time assistance information;
5.7.4.3
Actions related to transmission of UEAssistanceInformation message

The UE shall set the contents of the UEAssistanceInformation message as follows:

1>
if transmission of the UEAssistanceInformation message is initiated to provide a delay budget report according to 5.7.4.2;

2>
set delayBudgetReport to type1 according to a desired value;

1>
if transmission of the UEAssistanceInformation message is initiated to provide overheating assistance information according to 5.7.4.2;

2>
if the UE experiences internal overheating:

3>
if the UE prefers to temporarily reduce the number of maximum secondary component carriers:

4>
include reducedMaxCCs in the OverheatingAssistance IE;

4>
set reducedCCsDL to the number of maximum SCells the UE prefers to be temporarily configured in downlink;

4>
set reducedCCsUL to the number of maximum SCells the UE prefers to be temporarily configured in uplink;

3>
if the UE prefers to temporarily reduce maximum aggregated bandwidth of FR1:

4>
include reducedMaxBW-FR1 in the OverheatingAssistance IE;

4>
set reducedBW-FR1-DL to the maximum aggregated bandwidth the UE prefers to be temporarily configured across all downlink carriers of FR1;

4>
set reducedBW-FR1-UL to the maximum aggregated bandwidth the UE prefers to be temporarily configured across all uplink carriers of FR1;

3>
if the UE prefers to temporarily reduce maximum aggregated bandwidth of FR2:

4>
include reducedMaxBW-FR2 in the OverheatingAssistance IE;

4>
set reducedBW-FR2-DL to the maximum aggregated bandwidth the UE prefers to be temporarily configured across all downlink carriers of FR2;

4>
set reducedBW-FR2-UL to the maximum aggregated bandwidth the UE prefers to be temporarily configured across all uplink carriers of FR2;

3>
if the UE prefers to temporarily reduce the number of maximum MIMO layers of each serving cell operating on FR1:

4>
include reducedMaxMIMO-LayersFR1 in the OverheatingAssistance IE;

4>
set reducedMIMO-LayersFR1-DL to the number of maximum MIMO layers of each serving cell operating on FR1 the UE prefers to be temporarily configured in downlink;

4>
set reducedMIMO-LayersFR1-UL to the number of maximum MIMO layers of each serving cell operating on FR1 the UE prefers to be temporarily configured in uplink;

3>
if the UE prefers to temporarily reduce the number of maximum MIMO layers of each serving cell operating on FR2:

4>
include reducedMaxMIMO-LayersFR2 in the OverheatingAssistance IE;

4>
set reducedMIMO-LayersFR2-DL to the number of maximum MIMO layers of each serving cell operating on FR2 the UE prefers to be temporarily configured in downlink;

4>
set reducedMIMO-LayersFR2-UL to the number of maximum MIMO layers of each serving cell operating on FR2 the UE prefers to be temporarily configured in uplink;

2>
else (if the UE no longer experiences an overheating condition):

3>
do not include reducedMaxCCs, reducedMaxBW-FR1, reducedMaxBW-FR2, reducedMaxMIMO-LayersFR1 and reducedMaxMIMO-LayersFR2 in OverheatingAssistance IE;

1>
if transmission of the UEAssistanceInformation message is initiated to provide a reference time information according to 5.7.4.2:
2>
if the UE requires to be provisioned with reference time information:
3>
set referenceTimeInfoRequired to true;

2>
else:

3>
set referenceTimeInfoRequired to false;

–
OtherConfig

The IE OtherConfig contains configuration related to miscellaneous other configurations.

OtherConfig information element

-- ASN1START

-- TAG-OTHERCONFIG-START

OtherConfig ::=                 SEQUENCE {

    delayBudgetReportingConfig  CHOICE{

        release                 NULL,

        setup                   SEQUENCE{

            delayBudgetReportingProhibitTimer   ENUMERATED {s0, s0dot4, s0dot8, s1dot6, s3, s6, s12, s30}

        }

    }                                                                                                     OPTIONAL        -- Need M

}

OtherConfig-v1540 ::=           SEQUENCE {

    overheatingAssistanceConfig     SetupRelease {OverheatingAssistanceConfig}                            OPTIONAL, -- Need M

    ...

}

OtherConfig-r16 ::=           SEQUENCE {

    referenceTimeNeedReporting-r16     ENUMERATED {true}                            OPTIONAL, -- Need M

    ...

}

OverheatingAssistanceConfig ::= SEQUENCE {

    overheatingIndicationProhibitTimer    ENUMERATED {s0, s0dot5, s1, s2, s5, s10, s20, s30,

                                          s60, s90, s120, s300, s600, spare3, spare2, spare1}

}

-- TAG-OTHERCONFIG-STOP

-- ASN1STOP

	OtherConfig field descriptions

	delayBudgetReportingProhibitTimer

Prohibit timer for delay budget reporting. Value in seconds. Value s0 means prohibit timer is set to 0 seconds, value s0dot4 means prohibit timer is set to 0.4 seconds, and so on.

	overheatingAssistanceConfig

Configuration for the UE to report assistance information to inform the gNB about UE detected internal overheating.

	overheatingIndicationProhibitTimer

Prohibit timer for overheating assistance information reporting. Value in seconds. Value s0 means prohibit timer is set to 0 seconds, value s0dot5 means prohibit timer is set to 0.5 seconds, value s1 means prohibit timer is set to 1 second and so on.

	referenceTimeNeedReporting

If present, the field indicates the UE is configured to provide reference time assistance information.


–
UEAssistanceInformation

The UEAssistanceInformation message is used for the indication of UE assistance information to the network.

Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: UE to Network

UEAssistanceInformation message

-- ASN1START

-- TAG-UEASSISTANCEINFORMATION-START

UEAssistanceInformation ::=         SEQUENCE {

    criticalExtensions                  CHOICE {

        ueAssistanceInformation             UEAssistanceInformation-IEs,

        criticalExtensionsFuture            SEQUENCE {}

    }

}

UEAssistanceInformation-IEs ::=     SEQUENCE {

    delayBudgetReport                   DelayBudgetReport                   OPTIONAL,

    lateNonCriticalExtension            OCTET STRING                        OPTIONAL,

    nonCriticalExtension                UEAssistanceInformation-v1540-IEs   OPTIONAL

}

DelayBudgetReport::=                CHOICE {

    type1                               ENUMERATED {

                                            msMinus1280, msMinus640, msMinus320, msMinus160,msMinus80, msMinus60, msMinus40,

                                            msMinus20, ms0, ms20,ms40, ms60, ms80, ms160, ms320, ms640, ms1280},

    ...

}

UEAssistanceInformation-v1540-IEs ::= SEQUENCE {

    overheatingAssistance               OverheatingAssistance               OPTIONAL,

    nonCriticalExtension                UEAssistanceInformation-v16xy-IEs   OPTIONAL

}

UEAssistanceInformation-v16xy-IEs :: = SEQUENCE {


referenceTimeInfoRequired-r16


ENUMERATED {true, false}
OPTIONAL,

nonCriticalExtension               

SEQUENCE {}

OPTIONAL

}
OverheatingAssistance ::=           SEQUENCE {

    reducedMaxCCs                       SEQUENCE {

        reducedCCsDL                        INTEGER (0..31),

        reducedCCsUL                        INTEGER (0..31)

    } OPTIONAL,

    reducedMaxBW-FR1                    SEQUENCE {

        reducedBW-FR1-DL                    ReducedAggregatedBandwidth,

        reducedBW-FR1-UL                    ReducedAggregatedBandwidth

    } OPTIONAL,

    reducedMaxBW-FR2                    SEQUENCE {

        reducedBW-FR2-DL                    ReducedAggregatedBandwidth,

        reducedBW-FR2-UL                    ReducedAggregatedBandwidth

    } OPTIONAL,

    reducedMaxMIMO-LayersFR1            SEQUENCE {

        reducedMIMO-LayersFR1-DL            MIMO-LayersDL,

        reducedMIMO-LayersFR1-UL            MIMO-LayersUL

    } OPTIONAL,

    reducedMaxMIMO-LayersFR2            SEQUENCE {

        reducedMIMO-LayersFR2-DL            MIMO-LayersDL,

        reducedMIMO-LayersFR2-UL            MIMO-LayersUL

    } OPTIONAL

}

ReducedAggregatedBandwidth ::= ENUMERATED {mhz0, mhz10, mhz20, mhz30, mhz40, mhz50, mhz60, mhz80, mhz100, mhz200, mhz300, mhz400}

-- TAG-UEASSISTANCEINFORMATION-STOP

-- ASN1STOP

Annex B: Option 2-1: SIB9 OSI [10]

5.2.2.4.10
Actions upon reception of SIB9
Upon receiving SIB9, the UE may: 

1>
if SIB9 includes the utcReferenceSFN:
2>

calculate the UTC time based on the included timeInfoUTC, dayLightSavingTime, leapSeconds, localTimeOffset and utcReferenceSFN;

2>
inform upper layers of the time information;

1>
if SIB9 includes the referenceTimeInfo;

2>
perform the related actions as specified in subclause 5.7.1.3.

–
DedicatedSIBRequest
The DedicatedSIBRequest message is used to request SIB(s) required by the UE in RRC_CONNECTED as specified in clause 5.2.2.3.3.
Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: UE to Network

DedicatedSIBRequest message

-- ASN1START

-- TAG-DEDICATEDSIBREQUEST-START

DedicatedSIBRequest-r16 ::=      SEQUENCE {

    criticalExtensions               CHOICE {

        dedicatedSIBRequest-r16          DedicatedSIBRequest-r16-IEs,

        criticalExtensionsFuture         SEQUENCE {}

    }

}

DedicatedSIBRequest-r16-IEs ::=  SEQUENCE {

    onDemandSIB-RequestList-16       SEQUENCE {

-- Editor'a Note: The size of requestedSIB-List-r16 depends by how many SIBs will be specified in Release 16 and how to implement correctly this will be done during the ASN.1 review.

        requestedSIB-List-r16            SEQUENCE (SIZE(1..ffsValue)) OF SIB-ReqInfo-16

    } OPTIONAL,

    lateNonCriticalExtension         OCTET STRING             OPTIONAL,

    nonCriticalExtension             SEQUENCE {}              OPTIONAL

}


-- Editor's Note: How to capture that SIB specified in DCCA WI cannot be requested on-demand is done once Rel-16 specification is availabe.

SIB-ReqInfo-16 ::=                   ENUMERATED {sib9, ffsOtherValues}

-- TAG-DEDICATEDSIBREQUEST-STOP

-- ASN1STOP

	DedicatedSIBRequest field descriptions

	requestedSIB-List

Contains a list the UE is allowed to request while in RRC_CONNECTED.


–
SIB9

SIB9 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.
SIB9 information element
-- ASN1START

-- TAG-SIB9-START

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,

    ...,

     [[

    referenceTimeInfo-r16           ReferenceTimeInfo-r16                           OPTIONAL    -- Need R

]],
    [[
    utcReferenceSFN-r16           INTEGER (0..1023)           OPTIONAL    -- Cond UTC-RefTime
    ]]
}

-- TAG-SIB9-STOP

-- ASN1STOP

	SIB9 field descriptions

	dayLightSavingTime
Indicates if and how daylight-saving time (DST) is applied to obtain the local time. The semantics are the same as the semantics of the Daylight Saving Time IE in TS 24.501 [23] and TS 24.008 [38]. The first/leftmost bit of the bit string contains the b2 of octet 3 and the second bit of the bit string contains b1 of octet 3 in the value part of the Daylight Saving Time IE in TS 24.008 [38].

	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 SIB9 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). See NOTE 1. This field is excluded when determining changes in system information, i.e. changes of timeInfoUTC should neither result in system information change notifications nor in a modification of valueTag in SIB1.

	utcReferenceSFN

This field indicates the reference SFN corresponding to the UTC time information. If timeInfo field is received in RRCReconfiguration message, this field indicates the SFN of PCell.


	Conditional Presence
	Explanation

	UTC-RefTime
	The field is mandatory present if timeInfo is included in RRCReconfiguration message; otherwise the field is absent.


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).

–
ReferenceTimeInfo
The IE ReferenceTimeInfo contains timing information for 5G internal system clock used for, e.g., time stamping, see TS 23.501 [32], clause 5.27.1.2.

ReferenceTimeInfo information element

-- ASN1START

-- TAG-REFERENCETIMEINFO-START

ReferenceTimeInfo-r16 ::= SEQUENCE {

    time-r16                            ReferenceTime-r16,

    uncertainty-r16                     INTEGER (0..32767)          OPTIONAL,   -- Need R

    timeInfoType-r16                    ENUMERATED {localClock}     OPTIONAL,   -- Need R

    referenceSFN-r16                    INTEGER (0..1023)           OPTIONAL    -- Cond RefTime

}

ReferenceTime-r16 ::=           SEQUENCE {

    refDays-r16                         INTEGER (0..72999),

    refSeconds-r16                      INTEGER (0..86399),

    refMilliSeconds-r16                 INTEGER (0..999),

    refTenNanoSeconds-r16               INTEGER (0..99999)

}

-- TAG-REFERENCETIMEINFO-STOP

-- ASN1STOP

	ReferenceTimeInfo field descriptions

	referenceSFN

This field indicates the reference SFN corresponding to the reference time information. If referenceTimeInfo field is received in DLInformationTransfer message, this field indicates the SFN of PCell.

	time

This field indicates time reference with 10ns granularity. The indicated time is referenced at the network, i.e., without compensating for RF propagation delay. The indicated time in 10ns unit from the origin is refDays*86400*1000*100000 + refSeconds*1000*100000 + refMilliSeconds*100000 + refTenNanoSeconds. The refDays field specifies the sequential number of days (with day count starting at 0) from the origin of the time field. 

If the referenceTimeInfo field is received in DLInformationTransfer message, the time field indicates the time at the ending boundary of the system frame indicated by referenceSFN. The UE considers this frame (indicated by referenceSFN) to be the frame which is nearest to the frame where the message is received (which can be either in the past or in the future).

If the referenceTimeInfo field is received in SIB9, the time field indicates the time at the SFN boundary at or immediately after the ending boundary of the SI-window in which SIB9 is transmitted.

If referenceTimeInfo field is received in SIB9, this field is excluded when determining changes in system information, i.e. changes of time should neither result in system information change notifications nor in a modification of valueTag in SIB1.

	timeInfoType

If timeInfoType is not included, the time indicates the GPS time and 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 origin of the time is unspecified.

	uncertainty

This field indicates the uncertainty of the reference time information provided by the time field. The uncertainty is 25ns multiplied by this field. If this field is absent, the uncertainty is unspecified.


	Conditional Presence
	Explanation

	RefTime
	The field is mandatory present if referenceTimeInfo is included in DLInformationTransfer or RRCReconfiguration message; otherwise the field is absent.


Annex C: Option 2-2: SIB9 OSI

–
DedicatedSIBRequest
The DedicatedSIBRequest message is used to request SIB(s) required by the UE in RRC_CONNECTED as specified in clause 5.2.2.3.3.
Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: UE to Network

DedicatedSIBRequest message

-- ASN1START

-- TAG-DEDICATEDSIBREQUEST-START

DedicatedSIBRequest-r16 ::=      SEQUENCE {

    criticalExtensions               CHOICE {

        dedicatedSIBRequest-r16          DedicatedSIBRequest-r16-IEs,

        criticalExtensionsFuture         SEQUENCE {}

    }

}

DedicatedSIBRequest-r16-IEs ::=  SEQUENCE {

    onDemandSIB-RequestList-16       SEQUENCE {

-- Editor'a Note: The size of requestedSIB-List-r16 depends by how many SIBs will be specified in Release 16 and how to implement correctly this will be done during the ASN.1 review.

        requestedSIB-List-r16            SEQUENCE (SIZE(1..ffsValue)) OF SIB-ReqInfo-16

    } OPTIONAL,

    lateNonCriticalExtension         OCTET STRING             OPTIONAL,

    nonCriticalExtension             SEQUENCE {}              OPTIONAL

}


-- Editor's Note: How to capture that SIB specified in DCCA WI cannot be requested on-demand is done once Rel-16 specification is availabe.

SIB-ReqInfo-16 ::=                   ENUMERATED {referenceTime, ffsOtherValues}

-- TAG-DEDICATEDSIBREQUEST-STOP

-- ASN1STOP

	DedicatedSIBRequest field descriptions

	requestedSIB-List

Contains a list the UE is allowed to request while in RRC_CONNECTED. The value referenceTime indicates the request of the referenceTimeInfo of SIB9.


� Offline: the signaling solution, (iron out what are the two proposals and their fundamental difference)





Thanks Vivo a lot for the summary! We would like to add some additional points on this option 2 per the instruction of the chairman.





It is not clear the on-demand SIB9 is replied in RRCConfiguration or DLInformationTransfer.or both. 





If in RRCConfiguartion, RAN3 need to discuss the CU-DU split issue which was mentioned early in the WI when DLInformationTransfer was first introduced, i.e., basically where the time is encoded (CU/DU) and encryption related issue. 





A flexibility to reply in either unicast or broadcast is needed for ref time, and should not be coupled with conditions (if any) related with on demand SI feature 


�For option 2, when transmitting SIB9 in RRCReconfiguration message, the following aspects need to also be updated: the field description of the referenceSFN and the description of the RefTime condition
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