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In RAN2 109bis e-meeting, issue for accurate reference time delivery was discussed with below conclusions [1]:
· The CONNECTED UE can request the reference time information. 
· [025] The request of the reference time information is sent via the UEAssistanceInformation message.
· [025] The UE indication of the delivery periodicity of the reference time is not supported in this release.
· [025] The text proposal given in Annex A is used as the baseline for the request of the reference time information.
Open issues on Accurate Reference timing captured as editor’s notes in RRC CR are below:
FFS the need for a prohibit timer T346. 
FFS whether the UE is allowed to send the same interest message. 
In this contribution, our view on this open issue is provided.
[bookmark: OLE_LINK13][bookmark: OLE_LINK12]2. Discussion
The usage of the new UAI for UE to request reference timing had been discussed in email discussion [2]. One topic involves intended UE and network behavior: due to the clock drifting at UE side, UE needs to get the time information again (maybe periodically) even if it previously receives the information from gNB. During the email discussion, Intel proposed  a good summary of the topic, with 3 possible options:
· Option 1 (one-shot request): Assuming that there is no change in current CR, our understanding is the following:
a. gNB may estimate how frequently it needs to send the time information to UE, and sends time information to UE periodically.
b. UE cannot send UEAssistanceInformation with referenceTimeInfoInterest set to true again, after sending UEAssistanceInformation with referenceTimeInfoInterest set to true.
c. After sending UEAssistanceInformation with referenceTimeInfoInterest set to true, UE may toggle referenceTimeInfoInterest to false, and then toggle referenceTimeInfoInterest to true again to request gNB to send the time information again.
· Option 2 (multi-request): gNB only sends time information to UE upon receiving UEAssistanceInformation with referenceTimeInfoInterest set to true. UE needs to send UEAssistanceInformation again (with referenceTimeInfoInterest set to true) after sending UEAssistanceInformation with referenceTimeInfoInterest set to true. This is different from normal UE assistance framework, and modification to current CR is needed.
· Option 3 (one-shot with periodic indication): UE indicates the delivery periodicity of reference time to gNB as part of UEAssistanceInformation. This was proposed previously but was not accepted, as following was agreed in RAN2#109bis-e meeting: “The UE indication of the delivery periodicity of the reference time is not supported in this release”.
Given it was ruled out in RAN2#109-bis that a periodicity is included in the UE assistance information, we can focus on options 1 and 2. The key issue to assess is whether, once it has informed the network that it needs reference time information, the UE can rely on the periodic broadcasts to refresh its reference time and should no longer need to explicitly request it to the network.
At the gNB side, TS38.104 [4] provides the requirement of the maximum frequency error of a base station:
6.5.1.2 Minimum requirement for BS type 1-C and BS type 1-H
For BS type 1-C and BS type 1-H, the modulated carrier frequency of each NR carrier configured by the BS shall be accurate to within the accuracy range given in table 6.5.1.2-1 observed over 1 ms. 
The frequency error requirement for NB-IoT are specified in TS 36.104 clause 6.5.1.
Table 6.5.1.2-1: Frequency error minimum requirement
BS class
Accuracy
Wide Area BS
±0.05 ppm
Medium Range BS
±0.1 ppm
Local Area BS
±0.1 ppm


In the above table, we can see that the worst-case is +/- 0.1ppm relative error. This frequency error (or drift) induces a maximum time drift of 0.1 µs per second. It can be observed that this is a quite good accuracy and in many cases, the base station clock, aka 5G GM in [5], is more stable than the TSN working clock it is expected to feed the TSN UEs with. This is e.g. discussed in SA2’s TR23.734 [5] Section 6.11.1:
	Obtaining required precision for external clock may need quite frequent time information updates over Uu. For instance, frequency drift of TSN working clock GM is up to 3 ppm/s related to 5G GM, clock jitter is 3 µs per second at worst case. To keep time error due to frequency variations <0.5µs, the time information update interval needs to be at least 6 times per sec e.g. 160 ms period for SIB. It is assumed that a frequency offset tracking and compensation, based on time information of consecutive SIB/RRC messages, is used in UE to support e.g. up to 100 ppm offset, which is stated as worst-case value for industrial working clock grand master.


The above is an example of how the base station can derive how often it must deliver the reference time to enable UE tracking the variations of a working clock grand master it needs to synchronize to. Note that only network can derive this period since it can assess the relative frequency drift of the working clock grand master, not the UE.
After this observation, we come back to the issue we need to address: how often the UE must be refreshed by the network to compensate for the UE’s clock drift to keep within 1 µs [3] accuracy requirement from an “ideal” reference working clock?
The UE locks its LOs used for the radio functions to the DL frequency received from the network and the associated requirement is captured in TS38.101-1 [6]:
[bookmark: _Toc5198989]6.4.1	Frequency error
The UE modulated carrier frequency shall be accurate to within ±0.1 PPM observed over a period of 1 ms compared to the carrier frequency received from the NR Node B.
[bookmark: _GoBack]When UE acts as boundary master clock towards connected TSN device(s), it will certainly use the same “locked” clock as the radio module and, similar to the small BTS, the UE can afford up to +/- 0.1ppm relative error, which is 0.1 µs per second. Therefore the cumulative errors of both gNB and UE with respect to an ideal master clock are 0.2 µs per second and the network only needs to deliver the reference time at most every 5s to remain within the 1 µs requirement. Of course a safe approach is to take some pad, but it can be seen that a refresh time of 1s is sufficient to remain within the 1 µs accuracy.
Observation 1: Once the UE has informed the network that it needs reference time information, the UE can rely on the periodic broadcasts to refresh its reference time and should no longer need to explicitly request it to the network.
Based on the above analysis, the network can send to the UE the reference time assuming a worst-case UE clock drift, e.g. every second. Or, in case the working clock grand master has a worse drift, the network can derive how often it should send it following above SA2 analysis.  As a result, we think option 1 (one-shot request) is sufficient at current stage. Option 2 is more flexible but involves more specification impacts. Consider the stage of Rel-16, the common belief is that we should avoid unnecessary enhancements. Thus, we prefer option 1 as the solution for this topic.
Proposal 1: The one-shot request approach is sufficient for UAI in support of reference time, i.e. the current RRC implementation is good-enough.
And given it is one-shot, we don't see the need for a prohibit timer.
Proposal 2: No prohibit timer is introduced in support of this UAI.
3. Conclusion
In this contribution, open issue for the new UAI for UE to request reference timing is discussed. Based on the above analysis, the following observation and proposal are made: 
Observation 1: Once the UE has informed the network that it needs reference time information, the UE can rely on the periodic broadcasts to refresh its reference time and should no longer need to explicitly request it to the network.
Proposal 1: The one-shot request approach is sufficient for UAI in support of reference time, i.e. the current RRC implementation is good-enough.
Proposal 2: No prohibit timer is introduced in support of this UAI.
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