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1 Introduction

In last RAN3 meeting (RAN3#96), the F1AP functions are extensively discussed. To clarify the definition of F1AP functions, an offline discussion was carried out and a summary document was given in [1]. However, the conclusion was not achieved. In this contribution, we will further address the definition and categorization of F1AP functions. 
2 Discussion 
In order to define and categorize F1AP functions, some general principles should be achieved first:

1. Function controller is the decision maker. 

In [1], the F1AP functions are defined to be controlled by gNB-CU, or gNB-DU, or both. In our understanding to the offline discussion, the node controlling the F1AP function should make the decision of such F1AP function (including generating RRC messages). 

2. The function definition should consider the RRM function split between gNB-CU and gNB-DU
In [2], we discuss that the RRM function split between gNB-CU and gNB-DU determines which node will make the RRM function decision. Moreover, such split has close relationship with some F1AP function. If the RRM function decision can be made by both gNB-CU and gNB-DU, the related F1AP function should be controlled by both nodes. If the RRM function decision can be made by one node, the related F1AP function should be controlled by one node. 

3. The RRC message is generated in gNB-CU, and the gNB-DU does not have the capability of RRC ASN.1 encoding/decoding. 
In high layer split, RRC layer is located at gNB-CU. Thus, the RRC message (including UE-dedicated RRC message, system information, and paging) should be generated or understood in gNB-CU, including RRC ASN.1 encoding/decoding. In other words, the gNB-DU cannot understand/modify the received RRC message or construct the RRC message.
Proposal 1: the definition and categorization of F1AP functions should consider the following principles:
· Function controller determines the decision maker 

· The function definition should consider the RRM function split between gNB-CU and gNB-DU

· The RRC message is generated in gNB-CU, and the gNB-DU does not have the capability of RRC ASN.1 encoding/decoding.

Following the summary in [1], we categorize the F1AP functions into non-UE associated functions and UE associated functions:

· Non-UE associated functions 
· Controlled by gNB-CU

· SI management: this function aims at generating and transmitting SI. To facilitate the scheduling of SI at gNB-DU, gNB-CU needs provide the scheduling information to gNB-DU. 
Proposal 2: The scheduling information of SI can be transmitted to gNB-DU by gNB-CU. 

· Paging function: this function aims at generating and transmitting paging. The scheduling of paging message is determined by paging frame (PF) and paging occasion (PO), which can be determined by gNB-CU. Thus, gNB-CU should send the PF and PO to gNB-DU. 
Proposal 3: The PF and PO can be transmitted to gNB-DU by gNB-CU.

· gNB-CU measurement reporting: this functions aims at performing the measurement at gNB-CU, and reporting the measurement results to gNB-DU. In our understanding, the measurement results are mainly about the loading information of gNB-CU (e.g., hardware load). Such information can help the gNB-DU to choose a suitable gNB-CU.

· Controlled by gNB-DU

·  gNB-DU measurement reporting: this functions aims at performing the measurement at gNB-DU, and reporting the measurement results to gNB-CU. In our understanding, the measurement results include cell status related to load information (e.g., hardware load, resource status of each cell, available capacity of each cell) and interference information (e.g., OI, HII, RNTP [3], etc), which can help gNB-CU to perform some RRM functions (e.g., inter-cell interference coordination).

Proposal 4: the gNB-CU and gNB-DU measurement reporting allows gNB-CU and gNB-DU report the measurement results, including load information, interference information, etc. 

· Controlled by both
· F1 management: this function aims at F1 interface setup, reset and error indication. Both gNB-CU and gNB-DU can trigger these procedures. 

· gNB-DU management: this function aims at managing the non-UE specific configuration of the gNB-DU, including cell configuration (e.g., cell specific parameter negotiation or modification), cell activation and deactivation. The decision can be made by gNB-CU and/or gNB-DU. For example, some cell-specific parameters, e.g., cell selection/reselection parameters, handover trigger [3], determines the mobility of UEs in the cell, which are related to the DL and UL signal strength of UE. Both gNB-CU and gNB-DU have such information. Thus, both gNB-CU and gNB-DU can make decision. Similarly, for cell activation/deactivation,  gNB-CU can determine to activate or deactivate an cell of gNB-DU, gNB-DU can accept/reject such request. 
Proposal5: gNB-DU management is responsible for managing non-UE specific configuration of gNB-DU, including cell configuration, cell activation/deactivation, etc. 

· UE associated functions
· Controlled by gNB-CU
· RRC message transfer: this function aims at generating and transmitting RRC message between gNB-CU and gNB-DU. Since some UE-specific configurations (e.g., RLC and logical channel configurations for each DRB) can be used by gNB-DU as well, those configurations should be transmitted to gNB-DU by gNB-CU. 

Proposal 6: some UE-specific configurations (e.g., RLC and logical channel configurations for each DRB) in RRC message should be transmitted to gNB-DU by gNB-CU. 
· Controlled by gNB-DU

· Retransmission of the lost PDU: this function aims at retransmitting the lost PDU. For mobility case, the target gNB-DU can indicate the detection of the dedicated PRACH preamble so that the gNB-CU can retransmit the lost PDU of the UE to the target gNB-DU. For radio outage case, the gNB-DU can indicate the radio link outage to the gNB-CU so that the gNB-CU can retransmit the lost PDU to another gNB-DU where the UE is connected, or the gNB-DU can indicate the radio link recovery to gNB-CU so that the gNB-CU can retransmit the lost PDU. 

· Controlled by both 

· Bearer management: this function aims at establishing, modifying and releasing the radio bearer resource for user data transport. Whether a radio bearer can be admitted or not is related to one RRM function, i.e., radio admission control. Since the function of radio admission control is split between gNB-CU and gNB-DU [2], such F1AP function is controlled by both gNB-CU and gNB-DU.
· UE context management: this function aims at establishing the F1 UE context. Such procedure is initiated by gNB-CU, and the gNB-DU can reject or accepted it based on the radio admission control function. Similar as bearer management, UE context management is controlled by both gNB-CU and gNB-DU. 
In summary, the above definition and categorization method can be used as the baseline of F1AP function discussion. 
Proposal 7: RAN3 takes the following categorization as the baseline to discuss the F1AP functions:

	Non-UE associated function controlled by 
	UE associated function controlled by 

	gNB-CU
	gNB-DU
	Both 
	gNB-CU
	gNB-DU
	Both 

	SI management 

Paging function

gNB-CU 
measurement reporting


	gNB-DU measurement reporting
	F1 management

gNB-DU management
	RRC message transfer
	Retransmission of the lost PDU


	Bearer management 

UE context management




In addition, in TS38.401[4], GTP-U tunnel management function is marked as FFS. The main responsibility of such function is to establish and release GTP-U tunnels between the gNB-CU and gNB-DU. Since the tunnel is related to DRB, it can be established and released within the bearer management function. Thus, such section can be deleted. 

Proposal 8: The GTP-U tunnel management function can be deleted. 

Since gNB-DU and gNB-CU measurement reporting function can report load information, the load management function can be combined with this F1AP function. 

Proposal 9: The function of gNB-DU and gNB-CU measurement reporting and load management function can be merged. 

3 Conclusions
In this contribution, we discuss F1AP function definition and categorization, and we propose:

Proposal 1: the definition and categorization of F1AP functions should consider the following principles:

· Function controller determines the decision maker 

· The function definition should consider the RRM function split between gNB-CU and gNB-DU

· The RRC message is generated in gNB-CU, and the gNB-DU does not have the capability of RRC ASN.1 encoding/decoding.

Proposal 2: The scheduling information of SI can be transmitted to gNB-DU by gNB-CU. 

Proposal 3: The PF and PO can be transmitted to gNB-DU by gNB-CU.
Proposal 4: The gNB-CU and gNB-DU measurement reporting allows gNB-CU and gNB-DU report the measurement results, including load information, interference information, etc.
Proposal5: gNB-DU management is responsible for managing non-UE specific configuration of gNB-DU, including cell configuration, cell activation/deactivation, etc. 

Proposal 6: some UE-specific configurations (e.g., RLC and logical channel configurations for each DRB) in RRC message should be transmitted to gNB-DU by gNB-CU.
Proposal 7: RAN3 takes the following categorization as the baseline to discuss the F1AP functions:
	Non-UE associated function controlled by 
	UE associated function controlled by 

	gNB-CU
	gNB-DU
	Both 
	gNB-CU
	gNB-DU
	Both 

	SI management 

Paging function

gNB-CU 
measurement reporting


	gNB-DU measurement reporting
	F1 management

gNB-DU management
	RRC message transfer
	Retransmission of the lost PDU


	Bearer management 

UE context management




Proposal 8: The GTP-U tunnel management function can be deleted.
Proposal 9: The function of gNB-DU and gNB-CU measurement reporting  and load management function can be merged. 
The proposed stage 2 TP has been given in [5]. 
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