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1	Introduction
[bookmark: _Toc524946176][bookmark: _Ref178064866]In the last meeting, the following has been agreed 
	· 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 by broadcast signalling (as in LTE)
· 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, in case the time reference information is provided by unicast signalling 
· Signalling to support 10ns granularity. 
· R2 assumes that either SIB9 or a new SIB is used for reference time information broadcast delivery, depending on R3 discussion outcome. 
· “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 (as in LTE).
· The field used for reference time information delivery is excluded from estimation of changes in system information.
· Specify uncertainty parameter in the reference time information in NR, encoding FFS
· We will have the clock type field, similar to LTE. R2 considers that this have no relation to ongoing discussions in SA2 on TSC 



Most of the above agreements basically confirm using LTE Rel-15 solution in NR. In this paper, we discuss some remaining issues in the reference time delivery and from the running RRC CR [1].
2	Discussion
[bookmark: _Ref189046994]In LTE baseline, the uncertainty field indicates the number of LSBs (least significant bits) which may be inaccurate, and as a result, eNB can only indicate a limited number of inaccuracy levels. For example, if we use the same encoding for uncertainty as in LTE, gNB can only indicate accuracy level from below (since the granularity is 10ns):
0ns, ±5ns, ±10ns, ±20ns, ±40ns, ±80ns, ±160ns, ±320ns, ±640ns, ..
This is restrictive, since gNB is not able to, for example, indicate the accuracy level of ±100ns, ±200ns. We propose to use the uncertainty encoding as an integer number of the granularity. 
[bookmark: _Toc7547892][bookmark: _Toc7547905][bookmark: _Toc7548030][bookmark: _Toc7548036][bookmark: _Toc7694648][bookmark: _Toc7696054][bookmark: _Toc7715507][bookmark: _Toc7715519][bookmark: _Toc7727419][bookmark: _Toc7727504][bookmark: _Toc7727585][bookmark: _Toc7727653][bookmark: _Toc7727749][bookmark: _Toc7727964][bookmark: _Toc7727985][bookmark: _Toc7728001][bookmark: _Toc7730634][bookmark: _Toc16785483]The uncertainty of reference time info is the uncertainty field value multiplied by granularity of the time info.
In addition to that, if the uncertainty field is not included, we propose to follow the LTE baseline that the uncertainty is not specified.
[bookmark: _Toc16785484]The uncertainty of reference time info is unspecified, if the uncertainty field is absent.
An example CR can be as follows
uncertainty-r16						INTEGER (0..99999),
	Uncertainty
This field is used to determine the uncertainty of the reference time info. The uncertainty is ±5*uncertainty nano-seconds.  The uncertainty is unspecified, if the uncertainty field is absent.



In the last meeting, RAN2 has discussed on which RRC-unicast/SIB message the accurate reference timing information should be sent, but no agreements were reached. 
The complexity is due to the fact the candidate messages (SIB9 and DLInformationTransfer) are all encoded at CU, which means that the latency between CU and DU needs to be accurately known at CU. This is challenging since the granularity and the highest accuracy of the reference time information is 10ns. 
In the last meeting, we have reached an agreement that which SIB message is used to send the reference time information should depend on RAN3 outcome. The agreement should be applied for RRC-unicast message too. 
[bookmark: _Toc16785485]Wait for RAN3 discussion outcome related with CU/DU message encoding to decide on which SIB/RRC-unicast message is used to send the reference time info.

In LTE, it is specified that the indicated reference time is referenced at the network, i.e., without compensating for RF propagation delay. There are some proposals that gNB can pre-compensate the propagation delay. Indeed, this is also related with the LS [2] to RAN1 on clarification for propagation delay compensation method. However, we believe for SIB message, a pre-compensated value does not work since it is a network centric value which should apply to any UE, and if the network were to compensate for a UE being, say, 10 TA-steps away from the gNB, then the value wouldn’t apply to a UE close to the gNB. If there should be any TA-compensation (which is pending RAN1 discussion), such compensation must be done at the UE. In other words, there is a need that the indicated reference time is information established by the network and refers to a specific point in the transmitted sequence of SFNs. Thus, we propose as baseline that 
[bookmark: _Toc16785486]As a baseline and as in LTE, the indicated reference time is referenced at the network, i.e., without compensating RF propagation delay.

There are proposals that NW shall indicate whether the reference time info has been pre-compensated (“NW has adjusted the indicated reference time to take into account the downlink delay propagation”) or not. However, to send such an indication only makes sense if it would result in a difference in UE behaviour. A potential difference in UE behaviour would be that if NW indicates that it has applied pre-compensation to the indicated reference time then the UE shall not do further compensation. But in absence of such indication, meaning that the NW has not applied pre-compensation, then the UE may compensate (adjust the reference time) according to the downlink propagation delay (if supported).
However, we suggest that any UE compensation shall be down prioritized in Rel-16 and may instead be done in Rel-17. So, in Rel-16 there would be no difference in UE behaviour, therefore we do not think there is a need for such an indication in Rel-16.
[bookmark: _Toc16785487]No indication is provided regarding whether or not the reference time info sent by the gNB has been compensated to take into account the downlink propagation delay.
3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	The uncertainty of reference time info is the uncertainty field value multiplied by granularity of the time info.
Proposal 2	The uncertainty of reference time info is unspecified, if the uncertainty field is absent.
Proposal 3	Wait for RAN3 discussion outcome related with CU/DU message encoding to decide on which SIB/RRC-unicast message is used to send the reference time info.
Proposal 4	As a baseline and as in LTE, the indicated reference time is referenced at the network, i.e., without compensating RF propagation delay.
Proposal 5	No indication is provided regarding whether or not the reference time info sent by the gNB has been compensated to take into account the downlink propagation delay.
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