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1	Introduction
[bookmark: _Toc524946176][bookmark: _Ref178064866]In the last meeting, the running RRC CR on 5G system reference time delivery [1] with some minor editorial changes was endorsed as the baseline. There are some FFS remaining, part of which are addressed in RAN2#107bis with the following agreements. 
	· SIB9 is used for accurate reference timing delivery by broadcast.
· DLInformationTransfer message is used for serving cell’s accurate reference timing delivery by unicast.
· R2 assumes there will be no particular functionality to ensure accurate timing distribution at the moment of handover in Rel-16
· The uncertainty of reference time info is unspecified, if the uncertainty field is absent.
· We send an LS: RAN2 asks SA2 to provide information on whether and how the need for reference time information can be determined for any given connected UE
· FFS if The referenceSFN field indicates the time at the ending boundary of the SFN indicated by referenceSFN of PCell.


In this paper, we discuss remaining issues.
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):
±5ns, ±10ns, ±20ns, ±40ns, ±80ns, ±160ns, ±320ns, ±640ns, ..
This is restrictive, because gNB is not able to, for example, indicate the accuracy level of ±100ns, ±200ns. We believe to meet the demanding 1 us end-to-end synchronization target, it is crucial to reduce any unnecessary inaccuracy along the end-to-end chain of the synchronization solution. Here, Uu interface inaccuracy can be a major contributor for inaccuracy. 
For example, if the gNB implementation can deliver an accuracy level of 400ns, but due to the coarse accuracy level indication, it can only indicate an uncertainty of 640ns. This means that 24% of inaccuracy budget has to be consumed due to signalling limitation. On the other hand, the number of additional bits to enable a finer indication is not very significant (15 bits in proposal 2 compared to 4 bits to encode 12 values if follow LTE approach). 
Thus, we belive a more granular indication than LTE approach is preferable. For higher value range of the uncertainty indication such as 10us or 20us, it is not clear how helpful this can be, but it is definitely useful in the lower value range of the uncertainty indication.
A more granular indication for uncertainty than LTE approach is needed at least in the lower value range of the uncertainty indication. 
One signalling option is to use the uncertainty encoding as an integer number of the granularity, which means that gNB can indicate an uncertainty of m*10ns for any integer number of m. It has been argued that this results in more bits than needed, and it is not useful to indicate this level of uncertainty in the higher value range of the uncertainty indication. To achieve the balance between the number of bits and the required uncertainty indication, we propose to use the uncertainty encoding as an integer number of 25ns. 
[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: _Toc23959526]The uncertainty value of reference time info is the uncertainty field value multiplied by 25 ns.

The remaining question is the maximum uncertainty of the reference time info. In LTE, the uncertainty field can take a value up-to 12, this uncertainty field indicates the number of LSBs which may be inaccurate in the refQuarterMicroSeconds field. The exact maximum uncertainty value is 2^12*0.25 micro seconds, which is equal 1.024 milliseconds. We do not see any reasons to limit the maximum uncertainty of reference time info to a larger value nor limit to a lower value. 
With the above proposal 1, we can use 15 bits to signal up-to 0.8096 millisecond uncertainty. 
[bookmark: _Toc23959527]The number of bits to encode uncertainty field is 15 and the maximum value of uncertainty field is 2^15 -1, i.e., the maximum uncertainty value of reference time info is 0.8096 millisecond.
We should also support an indication of zero uncertainty with respect to the transmitted reference timing information in which case the UE shall interpret it to mean that the uncertainty is not specified.  Thus, we propose that
[bookmark: _Toc23959528]The smallest uncertainty field value is zero. 

Lastly, there is an FFS on if the referenceSFN field indicates the time at the ending boundary of the SFN indicated by referenceSFN of PCell. It would be sufficient to indicate the SFN of the cell in which the RRC message is recieved. It might happen that the RRC message is segemented and segments are received on different cells within the master cell group. However, the cells within the master cell group is synchronized. It is not clear why such a clarfication is needed. 
3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	The uncertainty value of reference time info is the uncertainty field value multiplied by 25 ns.
Proposal 2	The number of bits to encode uncertainty field is 15 and the maximum value of uncertainty field is 2^15 -1, i.e., the maximum uncertainty value of reference time info is 0.8096 millisecond.
Proposal 3	The smallest uncertainty field value is zero.
[bookmark: _GoBack]
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