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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 such function, further discussion is necessary. For example, (1) how to achieve accurate time reference information delivery considering the transport delay over F1 and (2) which node detects the trigger for the unicast RRC signalling (Then, RAN3 needs to define proper signalling to trigger the procedure if the node detecting trigger and the node for delivery is different.) Thus, this contribution discusses and proposes on these aspects.
2
Discussion
2.1 Broadcast RRC signalling
Currently, RAN2 assumes to include time reference information in SIB9, which is for GPS time and Coordinated Universal Time (UTC). And, on current TS38.473 [2], the SIB is assumed to be encoded by gNB-CU as shown in below.

---------------------------Start of quotation from [2]-------------------------
9.3.1.42
gNB-CU System Information

This IE contains the system information encoded by the gNB-CU.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	SIB type to Be Updated List
	
	1
	
	

	>SIB type to Be Updated Item IEs
	
	1... <maxnoofSIBTypes>
	
	

	>>SIB type
	M
	
	INTEGER (2..32, ...)
	Indicates a certain SIB block, e.g. 2 means sibType2, 3 for sibType3, etc.

	>>SIB message
	M
	
	OCTET STRING
	SIB message containing SIB as defined in TS 38.331 [8].

	>>Value Tag
	M
	
	INTEGER (0..31)
	


---------------------------End of quotation from [2]-------------------------
Observation 1: Current TS38.473 assumes SIB9, which includes time reference information, is encoded by gNB-CU.

However, there is the transport delay between gNB-CU and gNB-DU (if they are physically different node.) Considering the delay, several paper (i.e. [3] and [4]) proposes to encode the SIB by gNB-DU.

Observation 2: In RAN3#103bis, there were several proposals to change the node for encoding SIB9 from gNB-CU to gNB-DU.
Adding on that, on LTE HLS WI, there was very similar discussion and following was agreed and captured in chairman note [5]
---------------------------Start of quotation from [5]-------------------------
ng-eNB-DU owns and assembles SIB8 and SIB16 (both SIBs need time info, and are updated frequently)

---------------------------End of quotation from [5]-------------------------
However, if RAN3 to change the current mechanism, following impact would be assumed. 

(A)  Change gNB-CU not to encode SIB9

(B)  Change gNB-DU OAM to configure the IE except for time reference information (e.g. daylightSavingTime)
Observation 3: If RAN3 change the current mechanism (i.e. to change the node for encoding SIB9 from gNB-CU to gNB-DU), there would be some impact (A) Change gNB-CU not to encode SIB9 and (B) Change gNB-DU OAM to configure the IE except for time reference information (e.g. daylightSavingTime).
So, it would be beneficial to discuss to reduce the impact on the change.

Option 1: gNB-DU “rewrites” time reference information
Once gNB-DU receives SIB9 from gNB-CU, gNB-DU decodes the SIB9. And, when transmitting SIB9, gNB-DU rewrites the time reference information and encode it. Based on such mechanism, impact of change would be minimized. Following figure illustrates the mechanism.


[image: image1]
Figure 1: [Broadcast RRC signalling] gNB-DU “rewrites” time reference information
Option 2: gNB-CU encodes Time reference information with reference SFN
This approach is similar with unicast RRC signalling for LTE. On unicast, HARQ may cause some delay on receiving timing i.e. there would be some gap between initial sending time when receiving timing. To address the issue, eNB sends the relation between reference time and reference SFN. So, the relation between the sending time and the reference time is highly relaxed. To apply it to F1, gNB-DU sends the reference time and reference SFN to gNB-CU and gNB-CU encodes SIB9 based on that. Following figure illustrates the mechanism.


[image: image2]
Figure 2: [Broadcast RRC signalling] gNB-CU encodes Time reference information with reference SFN
Observation 4: For broadcast RRC signalling, there would be two ways to minimize the impact on the change


Option 1: gNB-DU “rewrites” time reference information
Option 2: gNB-CU encodes Time reference information with reference SFN
Option 2 highly depends on SIB9 contents, which is RAN2 scope. Currently (when I am writing this paper), the corresponding email discussion is still ongoing. So, not sure whether RAN3 can decide to go with Option 2. 

Observation 5: RAN3 needs to wait RAN2 conclusion if go with Option 2

Furthermore, in SIB9, reference time information related to sending time would exist anyway (i.e. timeInfoUTC) as it is currently defined in TS38.331 [6]. So, Option 1 is required at least. 

Observation 6: Anyway, Option 1 is required as reference time information related to sending time would exist anyway (i.e. timeInfoUTC)

And, if RAN3 uses both options (i.e. Option 1 for timeInfoUTC and Option 2 for TimeReferenceInfo), gNB-DU needs to send the reference time and reference SFN to the gNB-CU once unnecessarily. (With only option1, gNB-DU can rewrite directly.) Following figure illustrates the aspect.


[image: image3]
Figure 2: [Broadcast RRC signalling] Option 1+ Option 2
Observation 7: With only option1, gNB-DU can rewrite directly. With both option 1 and option 2 (i.e. Option 1 for timeInfoUTC and Option 2 for TimeReferenceInfo), gNB-DU needs to send the reference time and reference SFN once to gNB-CU.

Proposal 1: For broadcast RRC signalling, RAN3 to go with option 1 (i.e. gNB-DU “rewrites” necessary time reference information.) 
2.2 Unicast RRC signalling
As mentioned earlier, on unicast, HARQ may cause some delay on receiving timing. To address the issue, on LTE, eNB sends the relation between reference time and reference SFN. So, same approach seems to be applied for NR as RAN2 already agreed to use LTE approach as baseline.
Observation 8: 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.
And, on current TS38.473 [2], the unicast RRC messages are encode by the gNB-CU.

Observation 9: Current TS38.473 assumes the unicast RRC messages which includes time reference information is encoded by gNB-CU.
Then, same issue needs to be addressed; 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 ([3] and [7])
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. 


[image: image4]
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.


[image: image5]
Figure 4: [Unicast RRC signalling] gNB-DU “rewrites” time reference information
Option 2: gNB-CU encodes Time reference information with reference SFN [4]
gNB-DU sends the reference time and reference SFN to gNB-CU. And, gNB-CU encodes Time reference information based on that. 


[image: image6]
Figure 5: [Unicast RRC signalling] gNB-CU encodes Time reference information with reference SFN
Observation 10: 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 11: 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 2: 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 12: 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.)

[image: image7]
Figure 6: [Unicast RRC signalling] gNB-CU encodes Time reference information with reference SFN by UE trigger
Observation 13: 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 14: 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. 


[image: image8]
Figure 7: [Unicast RRC signalling] gNB-CU encodes Time reference information with reference SFN by gNB-CU trigger
Observation 15: 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 16: 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 3: 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
This contribution discusses (1) how to achieve accurate time reference information delivery with the transport delay over F1 and (2) which node detects the trigger for the unicast RRC signalling
Following observations and proposals are obtained.
Observation 1: Current TS38.473 assumes SIB9, which includes time reference information, is encoded by gNB-CU.
Observation 2: In RAN3#103bis, there were several proposals to change the node for encoding SIB9 from gNB-CU to gNB-DU.
Observation 3: If RAN3 change the current mechanism (i.e. to change the node for encoding SIB9 from gNB-CU to gNB-DU), there would be some impact (A) Change gNB-CU not to encode SIB9 and (B) Change gNB-DU OAM to configure the IE except for time reference information (e.g. daylightSavingTime).
Observation 4: For broadcast RRC signalling, there would be two ways to minimize the impact on the change


Option 1: gNB-DU “rewrites” time reference information
Option 2: gNB-CU encodes Time reference information with reference SFN
Observation 5: RAN3 needs to wait RAN2 conclusion if go with Option 2
Observation 6: Anyway, Option 1 is required as reference time information related to sending time would exist anyway (i.e. timeInfoUTC)

Observation 7: With only option1, gNB-DU can rewrite directly. With both option 1 and option 2 (i.e. Option 1 for timeInfoUTC and Option 2 for TimeReferenceInfo), gNB-DU needs to send the reference time and reference SFN once to gNB-CU.

Proposal 1: For broadcast RRC signalling, RAN3 to go with option 1 (i.e. gNB-DU “rewrites” necessary time reference information.) 
Observation 8: 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 9: Current TS38.473 assumes the unicast RRC messages which includes time reference information is encoded by gNB-CU.
Observation 10: 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 11: 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 2: For unicast RRC signalling, RAN3 to go with option 2 (i.e. gNB-CU encodes Time reference information with reference SFN.) 
Observation 12: On unicast RRC signalling, RAN3 needs to identify which node detects the trigger for unicast RRC signalling to define proper signalling.

Observation 13: 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 14: 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 15: 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 16: 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 3: 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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