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Introduction

As to the CU-DU interface, the F1-U (User Plane) functions and the F1-C (Control Plane) functions need to be discussed during normative phase. 

In TS38.401, synchronization for gNB-CU and gNB-DU is FFS.
-----------------------------------------------------------------------------------------------------------------------------------

9.1
gNB Synchronization
Editor Note: FFS for the synchronization for gNB-CU and gNB-DU.
------------------------------------------------------------------------------------------------------------------------------------

In this paper, we analyze whether the gNB-CU/gNB-DU Node synchronization is needed over F1 interface and the proposed F1-AP signaling procedures.  

Discussion
2.1 gNB-CU/gNB-DU Synchronization Requirement
In 3G,RNC and NODEB Synchronization procedure is described in TS 25.402[1] and TS25.435[2].  Similar with RNC and NODEB Synchronization over IUB, gNB-CU node and gNB-DU node need to use Synchronization procedure due to processing delay and fronthaul delay between gNB-CU and gNB-DU. The Node Synchronization between gNB-CU and gNB-DU can be used to find out the timing reference differences between gNB-CU and gNB-DU. The procedure can be defined as one of F1-AP function list. 

Why we need Synchronization procedure between gNB-CU and gNB-DU?

1) Paging

The gNB-CU can initiates gNB-CU/gNB-DU node synchronization procedure before paging procedure described in [6]. This synchronization procedure can be used to find out the timing reference differences between the gNB-CU and gNB-DU, then gNB-CU can calculate paging transmitting time which are presented by PF(Paging Frame) and PO(Paging Occasion) in the gNB-DU and transmit the PAGING message in advance to gNB-DU to avoid paging occasion time expired in the gNB-DU due to fronthaul delay and processing delay.

2) Indexed/stored SI
In RAN2#97, the agreements on indexed/stored SI have been reached by broadcasting some kind of index/identifier in minimum SI to enable the UE to avoid re-acquisition of already stored SI-block(s)/SI message(s). The index/identifier and associated system information can be applicable in more than one cell. System information valid in one cell may be valid also in other cells. From our views, Since the gNB-CU manages one or more cells belongs to one or more gNB-DUs, if a gNB-CU needs to update stored SI in cells belongs to different gNB-DUs, the gNB-CU shall use gNB-CU/gNB-DU node synchronization procedure to find out timing reference differences of different gNB-DUs, then it can send stored SI update message to multiple gNB-DUs according to the different timing reference to guarantee the consistency activation of the modified stored SI in different gNB-DUs. The detail content of stored SI and the update procedure discussion is ongoing in RAN2, but they have not touched CU-DU case, if needed, RAN3 shall send an LS to RAN2 to ask in the case of CU-DU split, whether there has the synchronization requirement between CU and DU for stored SI.
Proposal1: If needed, RAN3 shall send an LS to RAN2 to ask in the case of CU-DU split, whether there has the synchronization requirement between CU and DU for stored SI.

2.2 gNB-CU/gNB-DU Synchronization Procedure
In the gNB-CU/gNB-DU Node Synchronization procedure, the gNB-CU sends a DU NODE SYNCHRONIZATION message to gNB-DU containing the parameter T1. Upon reception of a DU NODE SYNCHRONIZATION message, the gNB-DU shall respond with DU SYNCHRONIZATION RESPONSE message, indicating T2 and T3, as well as T1 which was indicated in the initiating DU NODE SYNCHRONIZATION message. 

The T1, T2, T3 parameters are defined as:

T1:
gNB-CU specific frame number (SFN) that indicates the time when gNB-CU sends the message via the F1-C.

T2:
gNB-DU specific frame number (SFN) that indicates the time when gNB-DU receives the correspondent DU NODE SYNCHRONIZATION message via the F1-C

T3:
gNB-DU specific frame number (SFN) that indicates the time when gNB-DU sends the message via F1-C.
The signalling flow is shown as below:
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1  DU  SYNCHRONIZATION   ( With T1)  

2  Receiving   DU  synchronization   at  T2 ,  and send  response   message at T3  

3 ： DU   SYNCHRONIZATION   RESPONSE  ( With  T1 ， T2 ， T3)  

4  Receiving   DU  synchronization   response   message at T4  


Figure1: gNB-CU/gNB-DU NODE SYNCHRONIZATION procedure
Note: The delay from gNB-CU to gNB-DU can be calculated by T2-T1, and the delay from gNB-DU to gNB-CU can be calculated by T4-T3. 

Proposal2: It is proposed to capture the above gNB-CU/gNB-DU Node SYNCHRONIZATION function into the TS38.401.
2.2 F1-C AP impact

	Function
	Description
	Procedures and messages

	gNB-CU/gNB-DU Node SYNCHRONIZATION 
	The Node Synchronization between gNB-CU and gNB-DU can be used to find out the timing reference differences between the gNB-CU and gNB-DU. The procedure is defined in the F1 control plane.


	gNB-CU/gNB-DU Node Synchronization  procedure:

DU SYNCHRONIZATION,
DU SYNCHRONIZATION  RESPONSE




The corresponding stage2 and stage3 CR for gNB-CU/gNB-DU node Synchronization function and procedures are shown in [3][4][5].

Stage2 CR for  gNB-CU/gNB-DU node Synchronization  Function description is proposed to be captured in TS38.401.

Stage2 CR for  gNB-CU/gNB-DU node Synchronization  signalling description is proposed to be captured in TS38.470.

Stage3 CR is proposed to be captured in TS38.473.
Proposal3: To approve the corresponding stage2 and stage3 CRs as in [3][4][5].
Conclusion
The following observations and proposals are provided:

Proposal 1: It is proposed to send an LS to RAN2 for reconsidering is there CU-DU synchronization  requirement for stored SI in CU-DU split architectural.
Proposal2: It is proposed to capture the above gNB-CU/gNB-DU Node SYNCHRONIZATION function into the TS38.401.
Proposal3: To approve the corresponding stage2 and stage3 CRs as in [3][4][5].
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4 Receiving DU synchronization response message at T4



















3：DU SYNCHRONIZATION RESPONSE (With T1，T2，T3)







2 Receiving DU synchronization at T2, and send response message at T3







1 DU SYNCHRONIZATION (With T1)
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