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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.  In this paper, we discuss those remaining issues together with RAN3 agreements.
2	Discussion
[bookmark: _Ref189046994]2.1 Uncertainty encoding
It has been agreed that the signalling design aspects of reference time delivery in NR follows LTE as the baseline. In LTE, the uncertainty field can take a value up-to 12, and it means the maximum signal-able uncertainty is ± 0.5 millisecond. In LTE, 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. 
The rationale of this maximum uncertainty value was to have a sufficiently good signalling flexibility to allow any future uses. Choosing ± 0.5 millisecond is to coincide with the TTI length in LTE, which is 1 millisecond. 
In NR, the slot duration with 15 KHz subcarrier spacing is 1 millisecond. We do not see any reasons to limit the maximum uncertainty of reference time info to a larger value. Thus, we propose that 
[bookmark: _Toc20833691]The maximum uncertainty value of reference time info is ± 0.5 millisecond.

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 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: _Toc20833692]The uncertainty value of reference time info is the uncertainty field value multiplied by ±5 ns.
From the above proposals, the maximum value of uncertainty field is 100000 based on using 5ns for the granularity associated with the uncertainty field, and we need 17 bits to signal this. There are some proposals to have a non-linear encoding, such as finer granularity when indicating a small uncertainty, and coarser granularity when indicating a large uncertainty. There can be some savings in the number of bits transmitted over the air, but the saving is quite limited as just a couple of bits. In addition, we expect RAN2 might take a long time to discuss how to optimize the non-linear encoding without too much real use-case deployment experience yet on what is required and what is not absolutely needed. In this regard, we believe ensuring the future proofness in signalling aspects is more important. 

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: _Toc20833693]The smallest uncertainty field value is zero. 
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: _Toc20833694]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..100000),
	Uncertainty
This field is used to determine the uncertainty of the refrence time info. For example, the uncertainty in nano-seconds is ±5*uncertainty field value when this field has an associated granularity of 5 nano-seconds.  The uncertainty is unspecified, if the uncertainty field is absent or has a value of zero.
0 – 100000: uncertainty of the reference time info in nano-seconds = ±5*uncertainty field value



2.2 RRC-unicast/SIB message
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 RAN3#105, the following is agreed
	· In R16, SIB9 is encoded by the gNB-CU (as in Release 15). However, the gNB-DU may additionally “re-write/refresh/re-encode” the SIB9 contents with the time reference information available at the gNB-DU.
· unicast RRC signalling used for accurate reference timing delivery should be encoded in gNB-CU.



For SIB9 with accurate reference timing information, the gNB-DU may “re-write/refresh/re-encode” the time information (if necessary), in other words, no new SIB message will be introduced. Thus, we propose that
[bookmark: _Toc20833695]SIB9 is used to send the 5G system reference time info.
For RRC-unicast message, it is agreed that it has to be encoded in the gNB-CU. RRC-unicast message is encrypted, and the most likely outcome would be that DU sends the latency estimation between CU and DU to the CU. From RAN2 point of view, we do not see any likelihood that a specific new RRC-unicast message is created just to cater for the accurate reference timing delivery. Thus, the outcome of the email discussion [4] can be confirmed here that
[bookmark: _Toc20833696]RRC message DLInformationTransfer is used to send the 5G system reference time info.

2.3 Awareness of UEs needing time synch
In the time synchronization solution developed by SA2, only the UEs that will receive gPTP message need to be synchronized to the 5G clock. Note that the UEs need to receive user plane data containing gPTP messages, and so the UEs are all in CONNECTED mode.
gNB does not need to broadcast or unicast the timing information, if there is no UEs requiring such information. Generating accurate reference timing information with up to 10ns of accuracy and periodically delivering it to UEs that have no need of it (i.e. they don’t need it if they do not make use of TSN GM clocks) can be wasteful of UE processing power, battery and radio interface bandwidth. As such it is beneficial for gNB to know whether a UE might need reference time information.
[bookmark: _GoBack]As seen in the TS 23.501, SA2 is working on the details of gPTP message delivery, such as “It is FFS whether gPTP messages are forwarded on a distinct QoS Flow or other mechanism.” In its simplest form, if a UE supports at least one QoS flow used for delivering payload for one or more TSN streams, then a gNB should be able to know when such QoS flows exist and therefore that there is a UE that might need reference time information. However, we believe this discussion should be in SA2 and we just point out this mechanism seems feasible from RAN2 point of view.  
Therefore, we propose
[bookmark: _Toc20833697]RAN2 requests SA2 to provide information on how the need for reference time information can be determined for any given connected UE. Detail mechanisms are studied in SA2.

3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	The maximum uncertainty value of reference time info is ± 0.5 millisecond.
Proposal 2	The uncertainty value of reference time info is the uncertainty field value multiplied by ±5 ns.
Proposal 3	The smallest uncertainty field value is zero.
Proposal 4	The uncertainty of reference time info is unspecified, if the uncertainty field is absent.
Proposal 5	SIB9 is used to send the 5G system reference time info.
Proposal 6	RRC message DLInformationTransfer is used to send the 5G system reference time info.
Proposal 7	RAN2 requests SA2 to provide information on how the need for reference time information can be determined for any given connected UE. Detail mechanisms are studied in SA2.
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