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1. Introduction
As part of the NR study [1], RAN3 is tasked to “Study the feasibility of different options of splitting the architecture into a “central unit” and a “distributed unit”, with potential interface in between, including transport configuration and other required functional interactions between these nodes [RAN2, RAN3]”.

In [2], it was agreed to start identifying specification aspects for (a) Data transport aspects (i.e. U-plane), (b) Signalling aspects (i.e. C-plane), and (c) Management aspects (i.e. M-plane) over the CU-DU interface required for multi-vendor CU-DU operation.”
During the discussion of [3] in RAN3#Adhoc, there was comment requiring overall categorization of C-plane and U-plane.  

In this contribution, we provide a TP for overall categorization of C-plane and U-plane for the CU-DU interface, for both the Higher layer split and Lower layer split. 
2. Discussion
2.1. C-plane and U-plane for CU-DU interface
The architecture of gNB with CU and DU is captured in current TR as shown in figure 1, which includes Fs-C providing C-plane over Fs interface and Fs-U providing U-plane over Fs interface.
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Figure 1: CU-DU interface with C-plane and U-plane
Fs-C is expected to include functions to allow the CU and the DU to negotiate about Fs interface management, radio resource management, etc. Details are shown in [4].

Fs-U is expected to include functions to allow data transport between the CU and the DU, at least for User data (i.e. DTCH). Details are shown in [5]. 

Whether transport of RRC messages (i.e. BCCH, PCCH, CCCH and DCCH) should be performed using Fs-C or Fs-U is an open question as captured in the TR as follows.

“RRC could require a differentiated transport between CU and DU compared to data transport, e.g. in terms of robustness and delay.” 
Below, we address this question on the transport of RRC messages focusing on the need for differentiated transport in terms of robustness and delay.

Radio interface protocol architecture for NR is shown in Figure 1.
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Figure 1: Radio interface protocol architecture
Higher layer split

As in figure 1, logical channels are visible over the CU-DU interface for the higher layer splits (i.e. Option 2 and Option 3). Therefore, it is possible to differentiate transport of RRC messages (i.e. BCCH, PCCH, CCCH and DCCH) compared to DTCH. 

For PCCH, CCCH and DCCH, if Fs-C is used, the underlying TNL protocol can provide robustness, but it would instead incur higher transport delay due to the application processing. As PCCH, CCCH and DCCH carry RRC messages which are a part of call processing and would benefit from lower delay, it may be better to transport them using Fs-U rather than Fs-C. Even in the case the messages are lost, NAS/RRC protocol themselves also provide recovery mechanisms. As for differentiated transport for PCCH, CCCH and DCCH to optimise transport delay, this is still possible with Fs-U if they can be separated from other traffic by using appropriate TNL protocol (e.g. UDP/IP, where UDP differentiates the flows and IPdiffserv code points can be used for priority handling). It is noted that this is the same principle as Iub. But it is further noted that such differentiation may not be necessary depending on the transport network topology (e.g. when is peer to peer links are used). Therefore, for the higher layer split, we assume that transport of PCCH, CCCH and DCCH can be performed using Fs-U.

For BCCH, the following solution can be considered

· the CU provides the contents and scheduling information of the System Information to the DU at setup and at BCCH modification timings

· the DU accordingly performs repeated transmission of the System Information
In such a scenario, the transport of BCCH data requires high robustness but can be more delay tolerant. For this reason, it may be better to transport BCCH using Fs-C. It is noted that this is the same principle as Iub. Therefore, for the higher layer split, we assume that transport of BCCH can be performed using Fs-C.

Therefore, we assume the following as Fs-C and Fs-U for higher layer split

· Fs-C

· Functions to allow the CU and the DU to negotiate about Fs interface management, radio resource management, etc.

· System information management

· Details are shown in [4].

· Fs-U

· Data transport between the CU and the DU, for User data (i.e. DTCH)

· Data transport between the CU and the DU, for RRC messages (i.e. PCCH, CCCH and DCCH)

· Details are shown in [5]. 

The resulting categorization of C-plane and U-plane for the CU-DU interface (i.e. Fs-C and Fs-U) for the higher layer split is illustrated in Figure 2 below.
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Figure 2: Overall categorization of C-plane and U-plane for Higher layer split
Lower layer split

As in figure 1, logical channels are not visible over the CU-DU interface for the lower layer splits (i.e. Option 6 and Option 7). However, the need for differentiated transport of different logical channels for prioritization over the transport network may less relevant considering that the prioritisation of transmission over the radio interface is already taken care of by the MAC scheduler. Instead, transport channels could be visible over the CU-DU interface, and it may be useful to distinguish the different transport channels as the associated control info could be different (e.g. the existence of SRS and UCI). But in either case, transport of all relevant information can be performed using Fs-U.

Therefore, we assume the following as Fs-C and Fs-U for lower layer split

· Fs-C

· Functions to allow the CU and the DU to negotiate about Fs interface management, radio resource management, etc.

· Details are shown in [4].

· Fs-U

· Data transport between the CU and the DU, for all data

· Including BCCH, PCCH, CCCH, DCCH and DTCH (but they do not have to be made aware over the Fs-U)

· Including BCH, PCH, RACH, DL-SCH and UL-SCH (whether they should be made aware over the Fs-U should be assessed in the normative)

· Details are shown in [5]. 

The resulting categorization of C-plane and U-plane for the CU-DU interface (i.e. Fs-C and Fs-U) for the lower layer split is illustrated in Figure 3 below.
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Figure 3: Overall categorization of C-plane and U-plane for Lower layer split
3. Proposal
In this contribution, we provide a TP for the overall categorization of C-plane and U-plane for the CU-DU interface, for both the Higher layer split and Lower layer split. 
Proposal 1:RAN3 to discuss the categorization of C-plane and U-plane for the CU-DU interface, for both the Higher layer split and Lower layer split in Section 2 and agree to capture them in the TR[6] based on the TP which is appended.
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TP
-----------------------------------------------Unchanged sections are omitted-----------------------------------------------------------

11.1.3.7
Transmission of RRC message over the CU-DU link
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Figure 11.1.3.7-1: Transmission of RRC message between the CU and the UE via the DU

The RRC related functions should be located in the CU for all functional split options. The RRC message between the gNB and the UE should be transferred through the interface between the CU and the DU as illustrated in Figure 11.1.3.7-1. RRC messages could require a differentiated transport between CU and DU compared to data transport, e.g. in terms of robustness and delay. 

-----------------------------------------------Unchanged sections are omitted-----------------------------------------------------------

11.1.3.8
CU-DU specification aspects
Architectural aspects
The architecture of gNB with CU and DUs is shown in Figure 11.1.3.8-1. Fs-C and Fs-U provide C-plane and U-plane over Fs interface, respectively.

In this architecture, CU and DU can be defined as follows.
Central Unit (CU): a logical node that includes the gNB functions as listed in section 6.2 excepting those functions allocated exclusively to the DU. CU controls the operation of DUs.
Distributed Unit (DU): a logical node that includes, depending on the functional split option, a subset of the gNB functions. The operation of DU is controlled by the CU.
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Figure 11.1.3.8-1: gNB architecture with CU and DUs
Overall categorization of C-plane and U-plane 
Radio interface protocol architecture for NR is shown in Figure 11.3.8-X.
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Figure 11.1.3.8-X:Overall Radio interface protocol architecture
Higher layer split

As in Figure 11.1.3.8-X, logical channels are visible over the CU-DU interface for the higher layer splits (i.e. Option 2 and Option 3). Therefore, it is possible to differentiate transport of RRC messages (i.e. BCCH, PCCH, CCCH and DCCH) compared to DTCH. 

For PCCH, CCCH and DCCH, if Fs-C is used, the underlying TNL protocol can provide robustness, but it would instead incur higher transport delay due to the application processing. As PCCH, CCCH and DCCH carry RRC messages which are a part of call processing and would benefit from lower delay, it may be better to transport them using Fs-U rather than Fs-C. Even in the case the messages are lost, NAS/RRC protocol themselves also provide recovery mechanisms. As for differentiated transport for PCCH, CCCH and DCCH to optimise transport delay, this is still possible with Fs-U if they can be separated from other traffic by using appropriate TNL protocol (e.g. UDP/IP, where UDP differentiates the flows and IPdiffserv code points can be used for priority handling). It is noted that this is the same principle as Iub. But it is further noted that such differentiation may not be necessary depending on the transport network topology (e.g. when is peer to peer links are used). Therefore, for the higher layer split, we assume that transport of PCCH, CCCH and DCCH can be performed using Fs-U.

For BCCH, the following solution can be considered

· the CU provides the contents and scheduling information of the System Information to the DU at setup and at BCCH modification timings

· the DU accordingly performs repeated transmission of the System Information
In such a scenario, the transport of BCCH data requires high robustness but can be more delay tolerant. For this reason, it may be better to transport BCCH using Fs-C. It is noted that this is the same principle as Iub. Therefore, for the higher layer split, we assume that transport of BCCH can be performed using Fs-C.

Therefore, the followings are assumed as Fs-C and Fs-U for higher layer split

· Fs-C

· Functions to allow the CU and the DU to negotiate about Fs interface management, radio resource management, etc.

· System information management

· Fs-U

· Data transport between the CU and the DU, for User data (i.e. DTCH)

· Data transport between the CU and the DU, for RRC messages (i.e. PCCH, CCCH and DCCH)

The resulting categorization of C-plane and U-plane for the CU-DU interface (i.e. Fs-C and Fs-U) for the higher layer split is illustrated in Figure 11.1.3.8-Y below.


[image: image8.emf]Fs-AP(CU)

BCCH

PCCH CCCH DCCH DTCH

PDCP PDCP

RLC RLC

MAC

Fs-C Fs-U

RACH

BCH PCH

DL-

SCH

UL-

SCH

RRC

BCCH

Fs-AP(DU)

PHY

PRACH PBCH PDCCH PDSCH PUSCH PUCCH

Option 2

Option 3

DU

CU

-Negotiation ofFsInterface management, 

radio resource management, etc.

-System information management


Figure 11.1.3.8-Y:Overall categorization of C-plane and U-plane for Higher layer split
Lower layer split

As in Figure 11.1.3.8-X, logical channels are not visible over the CU-DU interface for the lower layer splits (i.e. Option 6 and Option 7). However, the need for differentiated transport of different logical channels for prioritization over the transport network may less relevant considering that the prioritisation of transmission over the radio interface is already taken care of by the MAC scheduler. Instead, transport channels could be visible over the CU-DU interface, and it may be useful to distinguish the different transport channels as the associated control info could be different (e.g. the existence of SRS and UCI). But in either case, transport of all relevant information can be performed using Fs-U.

Therefore, the followings are assumed as Fs-C and Fs-U for lower layer split

· Fs-C

· Functions to allow the CU and the DU to negotiate about Fs interface management, radio resource management, etc.

· Fs-U

· Data transport between the CU and the DU, for all data

· Including BCCH, PCCH, CCCH, DCCH and DTCH (but they do not have to be made aware over the Fs-U)

· Including BCH, PCH, RACH, DL-SCH and UL-SCH (whether they should be made aware over the Fs-U should be assessed in the normative)

The resulting categorization of C-plane and U-plane for the CU-DU interface (i.e. Fs-C and Fs-U) for the lower layer split is illustrated in Figure 11.1.3.8-Z below.
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Figure 11.1.3.8-Y: Overall categorization of C-plane and U-plane for Lower layer split
-----------------------------------------------Unchanged sections are omitted-----------------------------------------------------------
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