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1
Introduction
On the time reference information delivery, two methods (i.e. broadcast and unicast RRC signalling) were captured in the conclusion of TR 38.825 [1]. To achieve the function over F1, in RAN3#104, it was agreed to allow gNB-DU re-encoding for broad cast RRC signalling [2]. On the other hand, there was no discussion for unicast RRC signalling because of lack of time.  Thus, this contribution discusses and proposes on unicast aspects considering [3] and latest RAN2 situation.
2
Discussion
2.1 Previous RAN2 discussion
In previous RAN2 discussion, for unicast RRC signalling, following was agreed.

[4]: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

From above description, it would be clear that RAN2 assumes to use referenceSFN for unicast RRC signalling, which is same with LTE.
Observation 1: On unicast RRC signalling, the same approach with LTE (i.e. sending the relation between reference time and reference SFN) would be applied for NR.
2.2 Possible mechanism for delivering referenceSFN
On current TS38.473 [5], the unicast RRC messages are encode by the gNB-CU.

Observation 2: Current TS38.473 assumes the unicast RRC messages which includes time reference information is encoded by gNB-CU.
RAN3 needs to identify how to achieve accurate time reference information delivery with the delay of transport for F1. Already two approaches were proposed in RAN3#103bis and there may be another approach. Following summarizes these options (with some complement to make these solutions workable.) 
Option 1: gNB-DU “creates” time reference information ([6] and [8])
gNB-CU sends necessary IE to create and encode RRC message including security input (e.g.  Transaction ID, Cyphering Algorithm, KEY, BEARER, COUNT, DIRECTION, LNEGTH and so on) and then gNB-DU creates corresponding RRC message and deliver it to UE. 
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Figure 3: [Unicast RRC signalling] gNB-DU “creates” time reference information
Option 1’: gNB-DU “rewrites” time reference information
Compared to Option 1, gNB-CU sends RRC message itself additionally and then gNB-DU rewrites corresponding RRC message and deliver it to UE. Based on this approach.
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Figure 4: [Unicast RRC signalling] gNB-DU “rewrites” time reference information
Option 2: gNB-CU encodes Time reference information with reference SFN [7]
gNB-DU sends the reference time and reference SFN to gNB-CU. And, gNB-CU encodes Time reference information based on that. 
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Figure 5: [Unicast RRC signalling] gNB-CU encodes Time reference information with reference SFN
Observation 3: For unicast RRC signalling, there would be three ways.

Option 1: gNB-DU “creates” time reference information

Option 1’: gNB-DU “rewrites” time reference information
Option 2: gNB-CU encodes Time reference information with reference SFN
Firstly, Option 1 and Option 1’ requires gNB-DU to create unicast RRC message. It is completely new thing and would be challenging as security is required (i.e. gNB-DU needs to have encryption function.) Furthermore, for real deployment, operators need to consider the security of key delivery/storing as attacker may try to decrypt the RRC signalling. For Option 2, some delay limit may be applied but it would be very loose; range of SFN is 0~1023 and one SFN equals to 10ms. So, for wrap-around, it will take 10.24 seconds. So, in actual operation, the restriction would be negligible.
Observation 4: Option 1 and Option 1’ requires gNB-DU encryption function newly and security consideration on deployment. Option 2 has loose delay limit and would be negligible in actual operation.

Proposal 1: For unicast RRC signalling, RAN3 to go with option 2 (i.e. gNB-CU encodes Time reference information with reference SFN.) 
Then, it would be beneficial to discuss which node detects the trigger for unicast RRC signalling to define proper message/IEs (i.e. RAN3 needs to define proper signalling to trigger the procedure, if the node detecting trigger and the node for delivery is different.).
(Note that, on broadcast, there wouldn’t be such issue as (1) gNB-DU will just broadcast periodically (based on the configuration) and (2) on-demand SIB mechanism can be re-used if UE would like to request to send the SIB.)

Observation 5: On unicast RRC signalling, RAN3 needs to identify which node detects the trigger for unicast RRC signalling to define proper signalling.

There would be 4 possibilities for the node to detect the trigger on unicast: UE, gNB-DU, gNB-CU and CN.
1. UE trigger
UE detects the trigger and request the network to send the unicast RRC signalling. (Note that the “request” would be within RAN2 scope.) In this case, gNB-CU would acknowledge the request as it terminates RRC layer. So, then, gNB-CU requests gNB-DU to transfer time and reference SFN. 

(Note that there would be one another approach that gNB-DU sends the information periodically (i.e. each SFN wrap-around) to gNB-CU. However, it would be inefficient for the case where there is no UE which requires TSN in the cell(s) served by the gNB-DU.)
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Figure 6: [Unicast RRC signalling] gNB-CU encodes Time reference information with reference SFN by UE trigger
Observation 6: On unicast RRC signalling, if UE triggers, RAN3 needs to define F1 signalling where gNB-CU requests gNB-DU to send Time and reference SFN info.

2. gNB-DU trigger
gNB-DU detects the trigger (e.g. timer) and request the gNB-CU to send the unicast RRC signalling. In this case, RAN3 seems not need to specify additional signalling as, just when gNB-DU sends Time and referenceSFN, gNB-CU encodes the unicast RRC message and send it to the corresponding UE (See figure 5). 

On the other hand, it would be difficult for gNB-DU to detect whether three is UE which requires TSN in the cell(s) served by the gNB-DU as gNB-DU doesn’t have e.g. UE type information.
Observation 7: On unicast RRC signalling, if gNB-DU triggers, RAN3 doesn’t need to define additional signalling (i.e. only adding F1 signalling that gNB-DU sends Time and referenceSFN.)

3. gNB-CU trigger
gNB-CU detects the trigger (e.g. timer). Then, similar with UE detection, gNB-CU requests gNB-DU to transfer time and reference SFN. 
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Figure 7: [Unicast RRC signalling] gNB-CU encodes Time reference information with reference SFN by gNB-CU trigger
Observation 8: On unicast RRC signalling, if gNB-CU triggers, RAN3 needs to define F1 signalling where gNB-CU requests gNB-DU to send Time and reference SFN info.

4. CN trigger
CN detects the trigger (e.g. timer). Then, there would be two approaches to indicate it; (1) over NAS (via UE) or (2) over NG-C. For (1) (i.e. over NAS), from RAN3 perspective, the impact will be same with “UE trigger.” For (2), the impact would be the one of gNB-CU trigger + NG-C signalling. (In either way, SA2 involvement may be required.)

Observation 9: On unicast RRC signalling, if CN triggers, RAN3 needs to define F1 signalling where gNB-CU requests gNB-DU to send Time and reference SFN info (and possibly NG-C signalling where CN requests RAN to to transfer the unicast RRC signalling.)

Proposal 2: RAN3 to discuss which node detects the trigger for unicast RRC signalling to define proper signalling (And, if needed, ask other WG (i.e. RAN2 and/or SA2)).
3
Conclusion
Thus, this contribution discusses and proposes on unicast aspects considering [3] and latest RAN2 situation. Following observations and proposals are obtained.
Observation 1: On unicast RRC signalling, the same approach with LTE (i.e. sending the relation between reference time and reference SFN) would be applied for NR.
Observation 2: Current TS38.473 assumes the unicast RRC messages which includes time reference information is encoded by gNB-CU.
Observation 3: For unicast RRC signalling, there would be three ways.


Option 1: gNB-DU “creates” time reference information

Option 1’: gNB-DU “rewrites” time reference information
Option 2: gNB-CU encodes Time reference information with reference SFN
Observation 4: Option 1 and Option 1’ requires gNB-DU encryption function newly and security consideration on deployment. Option 2 has loose delay limit and would be negligible in actual operation.

Proposal 1: For unicast RRC signalling, RAN3 to go with option 2 (i.e. gNB-CU encodes Time reference information with reference SFN.) 
Observation 5: On unicast RRC signalling, RAN3 needs to identify which node detects the trigger for unicast RRC signalling to define proper signalling.

Observation 6: On unicast RRC signalling, if UE triggers, RAN3 needs to define F1 signalling where gNB-CU requests gNB-DU to send Time and reference SFN info.

Observation 7: On unicast RRC signalling, if gNB-DU triggers, RAN3 doesn’t need to define additional signalling (i.e. only adding F1 signalling that gNB-DU sends Time and referenceSFN.)

Observation 8: On unicast RRC signalling, if gNB-CU triggers, RAN3 needs to define F1 signalling where gNB-CU requests gNB-DU to send Time and reference SFN info.

Observation 9: On unicast RRC signalling, if CN triggers, RAN3 needs to define F1 signalling where gNB-CU requests gNB-DU to send Time and reference SFN info (and possibly NG-C signalling where CN requests RAN to to transfer the unicast RRC signalling.)

Proposal 2: RAN3 to discuss which node detects the trigger for unicast RRC signalling to define proper signalling (And, if needed, ask other WG (i.e. RAN2 and/or SA2)).
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