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1
Introduction

This contribution discusses details on where the time reference information is generated and how the information is delivered from NG-RAN to UE in the CU-DU split NG-RAN architecture. There is no RAN2 detail solution for NR yet, how to support to deliver the time reference information, so in this contribution, the existing LTE specification is considered as well as some RAN2 agreements.

Also this contribution proposes pCR for TS 38.473 for approval.
2
Discussion

In RAN2#105 meeting, RAN2 agreed on using unicast RRC signalling to distribute the time reference information as well as the broadcast RRC signalling:
Observation 1: The timing reference information shall be carried in the unicast RRC message as well as the broadcast RRC message.
As discussed for F1 interface, RAN3 decided that the gNB-DU generates MIB and SIB1 messages, but other SIBx messages are generated by the gNB-CU. And the gNB-CU sends the SIBx messages to the gNB-DU by using F1 Setup and gNB-CU System Information message. The F1 Setup and gNB-CU System information message carries only the SIBx message and value tag, but the scheduling information is not included. The gNB-DU performs the scheduling of SIBx messages, so the gNB-CU doesn’t know when SIBx message is broadcasted to UEs.
And referring to LTE, the time reference information is carried in SIB16 message, not MIB or SIB1 message. In NR, similarly a SIB message other than MIB and SIB1 would carry the time reference information.

Observation 2: Currently SIBx messages other than MIB and SIB1 are by the gNB-CU, but the scheduling of SIBx messages are determined by the gNB-DU. So the gNB-CU doesn’t know the exact time when SIBx message is transmitted.

With observation 1 and 2, if the time reference information for broadcast RRC message is generated by the gNB-CU, the time reference information would be invalid when the UE receives it.

Proposal 1: If a SIBx message is used for carrying the time reference information and the gNB-DU is configured, the gNB-DU re-generates the SIBx message using the gNB-DU’s time reference information based on the SIBx message received from the gNB-CU.
Also in LTE, an unicast RRC message carries the time reference information. NR solution seems to follow the similar solution. In LTE RRC message, the time reference information consists of the (local) time information and the reference SFN. The reference SFN indicates the reference SFN for the time reference information and the time information indicates at the ending boundary of the SFN indicated by the reference SFN.

Observation 3: In LTE, unicast RRC message carries the time reference information of the SFN boundary, not the current exact time reference.
As discussed above, the unicast RRC message shall be generated by the gNB-CU, however the gNB-CU doesn’t have the time information of SFN, so currently the gNB-CU is not able to generate the unicast RRC message containing the time reference info if the info is similarly introduced for NR.

Observation 4: In CU-DU split NG-RAN architecture, the gNB-CU doesn’t know the time reference of the SFN boundary.
With observation 3 and 4, the gNB-DU needs to deliver the time reference information for the unicast RRC message to the gNB-CU. The time reference information doesn’t need to include the exact reference time information, but the time reference information of the SFN boundary, so the latency over CU-DU interface is not important.
Proposal 2: For the gNB-CU to generate a unicast RRC message containing the time reference information, the gNB-DU provides the time reference of the SFN boundary and the SFN information to the gNB-CU via F1-C. The reference information in the unicast NR RRC message shall be confirmed by RAN2.
3
Conclusion
Observation 1: The timing reference information shall be carried in the unicast RRC message as well as the broadcast RRC message.
Observation 2: Currently SIBx messages other than MIB and SIB1 are by the gNB-CU, but the scheduling of SIBx messages are determined by the gNB-DU. So the gNB-CU doesn’t know the exact time when SIBx message is transmitted.
Proposal 1: If a SIBx message is used for carrying the time reference information and the gNB-DU is configured, the gNB-DU re-generates the SIBx message with the gNB-DU’s time reference information based on the SIBx message received from the gNB-CU.
Observation 3: In LTE, unicast RRC message carries the time reference information of the SFN boundary, not the current exact timing reference.

Observation 4: In CU-DU split NG-RAN architecture, the gNB-CU doesn’t know the time reference of the SFN boundary.
Proposal 2: For the gNB-CU to generate a unicast RRC message containing the time reference information, the gNB-DU provides the time reference of the SFN boundary and the SFN information to the gNB-CU via F1-C.

Proposal 3: It is proposed to agree on pCRs for stage 2 (TS 38.300), for TS 38.413 in [4] and for TS 38.423 in [5]

5. 
pCR for TS 38.473
============ Start of 1st change ==============
9.3.1.18
gNB-DU System Information

This IE contains the system information generated by the gNB-DU.

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

	MIB message
	M
	
	OCTET STRING
	MIB message, as defined in TS 38.331 [8].



	SIB1 message
	M
	
	OCTET STRING
	SIB1 message, as defined in TS 38.331 [8].



	Time Reference Information
	O
	
	OCTET STRING
	Includes TimeReferenceInfo defined in TS 38.331 [8]


============ End of 1st change ==============

============ Start of 2nd change ==============
9.4.5
Information Element Definitions

[…]

GNB-DU-System-Information ::= SEQUENCE {


mIB-message

MIB-message,


sIB1-message

SIB1-message,

timeReferenceInformation
TIMEReferenceInfo

iE-Extensions




ProtocolExtensionContainer { { GNB-DU-System-Information-ExtIEs } } OPTIONAL,


...

}

============ End of 2nd change ==============

============ Start of 3rd change ==============
TDD-Info-ExtIEs F1AP-PROTOCOL-EXTENSION ::= {


...

}
TimeReferenceInfo ::= OCTET STRING
TimeToWait ::= ENUMERATED {v1s, v2s, v5s, v10s, v20s, v60s, ...}
============ End of 3rd change ==============
R2-1901399    RAN details on the time reference information    Intel Corporation  discussion           Rel-16    FS_NR_IIOT


DISCUSSION


P1


-     Samsung think that if unicast and broadcast send the same information there is no benefit for unicast. Docomo think there is R3 impact. 


-     Huawei think that security and differentiation of UEs can be done with Unicast. 


-     Nokia support unicast. 


-     LG, Samsung, Oppo think we don’t need unicast. 


-     LG think it would be ok to use unicast in complement to broadcast. 


-     Vivo think we would need to analyse overhead for unicast.


-     CMCC think we can standardize both, and it is anyway a network choice what to use. 





Unicast RRC signaling is also used to distribute timing information.





–	TimeReferenceInfo


TimeReferenceInfo information elements


-- ASN1START





TimeReferenceInfo-r15 ::=		SEQUENCE {


	time-r15							ReferenceTime-r15,


	uncertainty-r15						INTEGER (0..12)				OPTIONAL,	-- Need OR


	timeInfoType-r15					ENUMERATED {localClock}		OPTIONAL,	-- Need OR


	referenceSFN-r15					INTEGER (0..1023)			OPTIONAL	-- Cond TimeRef


}





ReferenceTime-r15 ::=			SEQUENCE {


	refDays-r15							INTEGER (0..72999),


	refSeconds-r15						INTEGER (0..86399),


	refMilliSeconds-r15					INTEGER (0..999),


	refQuarterMicroSeconds-r15			INTEGER (0..3999)


}





-- ASN1STOP





referenceSFN


This field indicates the reference SFN for time reference information. The time field indicates the time at the ending boundary of the SFN indicated by referenceSFN. The UE considers the frame indicated by the referenceSFN nearest to the frame where the field is received.


If the time field is included in SystemInformationBlockType16 and the referenceSFN field is not included, the time field indicates the time at the SFN boundary at or immediately after the ending boundary of the SI-window in which SystemInformationBlockType16 is transmitted.


 


Conditional presence�
Explanation�
�
TimeRef�
The field is mandatory present if TimeReferenceInfo is included in DLInformationTransfer message; otherwise the field is not present.�
�
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