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1 Introduction 
The latest draft of the RAN3 TR 38.801 [1] captures 8 functional split options in Annex B. The contribution [2] has discussed those split options and draw some conclusion that RAN3 future work should focus on split options 3, 5 and 7.
 This contribution discusses potential architectural aspect of split options 3, 5 and 7,
2 Discussion

2.2 The definition of Option 3 (intra RLC split) 
2.2.1 Description
The function of RLC is defined in 3GPP TR 36.322 as follow: 
An RLC entity can be configured to perform data transfer in one of the following three modes: Transparent Mode (TM), Unacknowledged Mode (UM) or Acknowledged Mode (AM). Consequently, an RLC entity is categorized as a TM RLC entity, an UM RLC entity or an AM RLC entity depending on the mode of data transfer that the RLC entity is configured to provide. 

A TM RLC entity is configured either as a transmitting TM RLC entity or a receiving TM RLC entity. An UM RLC entity is configured either as a transmitting UM RLC entity or a receiving UM RLC entity. An AM RLC entity consists of a transmitting side and a receiving side. 
The intra RLC function split can be considered as follow: 
· Low RLC may be composed of transmitting TM RLC entity, transmitting UM RLC entity, a transmitting side of AM and the routing function of a receiving side of AM. 
· High RLC may be composed of receiving TM RLC entity, receiving UM RLC entity and a receiving side of AM except the routing function.
The description of RLC function split is illustrated in Fig1, Fig.2 and Fig.3 separately. All of high RLCs are in the central unit and all of low RLCs are in the distributed unit. 
AM low RLC is composed of all the functions of a transmitting side and the routing function of receiving side of AM RLC, such as Transmission buffer, RLC control, Segmentation & Concatenation, Retransmission buffer and add RLC header, etc.
AM high RLC is composed of all the functions of a receiving side of AM RLC except the routing function, such as SDU Reassembly, Remove RLC header and Reception buffer & HARQ reordering etc.
UM low RLC is composed of all the functions of a transmitting UM RLC entity, such as Transmission buffer, Segmentation & Concatenation, add RLC header etc.
UM high RLC is composed of all the functions of a receiving UM RLC entity, such as SDU Reassembly, Remove RLC header and Reception buffer & HARQ reordering etc.
TM low RLC is composed of all the functions of a transmitting TM RLC entity, such as Transmission buffer.
TM high RLC is composed of all the functions of a receiving TM RLC entity.
Based on the functions of legacy RLC entity, the function definition of option3 is described. With functions of layer 2 are been discussing by RAN2, the specific transmitting function and receiving function of RLC may be clearly defined. However, the compatibility of option3 is robust.
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Figure 1: overview model of AM RLC split
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Figure 2: overview model of UM RLC split
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Figure 3: overview model of TM RLC split
2.2.2 Pros and cons
Pros:
The function split of RLC is insensitive about the transmission network between CU and DU. some of benefits of the function split of RLC are below:
-
PDCP can push plenty of packets to Tx RLC in order to cover the transmission delay and MAC can timely get the BO and the SDUs.
-
there is no transmission delay when the RLC SDUs are submitted to PDCP for the reestablishment procedure. 
-
RLC PDU sent by DU is a whole packet rather than some RLC SDUs which does not induce any transport constraint between CU/DU and any additional reordering operation for the PDCP PDUs which are included by one RLC PDU.
Cons:
For AM RLC, the control packet, i.e. Status packet of a receiving side must be transmitted to a transmitting side and may lead to additional time delay. 
Proposal 1: RAN3 is kindly asked to agree on the above function description of high RLC and low RLC
2.3 The definition of Option 5 (intra MAC split)
2.3.1 Description 
High MAC is in CU and Low MAC in DU illustrated Fig4. The intra MAC function split can be considered as follow: 
· Low MAC may be composed of legacy MAC function and measurements for Centralized low MAC Controlling Function. 
· High MAC may be composed of Centralized low MAC Controlling Function as a part of MAC entity.
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Figure 4: overview model of intra MAC split
High MAC controls all of low MAC entities. The function of Low MAC is composed of two parts: legacy MAC function and the measurements for Centralized low MAC Controlling Function.

Low MAC: the legacy MAC function includes the scheduler and HARQ entities. Measurements for Centralized low MAC Controlling Function provides the measure information to high MAC, such as the rate of receiving and transmitting at MAC layer, initial BLER, the residual BLER of DRB and SRB, average PRB sum, scheduling times, etc. 
High MAC: Based on UEs’ CQI and QoS, high MAC schedules the appropriate low MAC to Tx/Rx data blocks. High MAC can be configured to control the ICIC among low MAC entities and coordinate procedures over air interface. For example, for RA procedure, Msg1/2/3 can be transmitted over different low MAC entities.
High MAC and low MAC complete the scheduling and management of radio resource and serves UEs.
Based on the functions of legacy MAC entity, the function definition of option5 is described. With functions of layer 2 are been discussing by RAN2, the specific function of high MAC and low MAC may be clearly defined. However, the compatibility of option5 is robust.
2.3.2 Pros and cons
Pros:
The function split of MAC is insensitive about the transmission network between CU and DU. some of benefits of the function split of MAC are below:
-
High MAC responses the Centralized low MAC Controlling Function. High MAC simultaneously controls multiple low MAC entities in order to the coordination among them.
-
High MAC responses to schedule low MAC entities to transmit data blocks.
-
Low MAC schedules the radio resource in DU and keeps the real-time interworking between PHY and MAC. Low MAC also measures the throughput of UEs and submits them to high MAC. 
-
Control information and measurement is exchanged between High MAC and Low MAC which needs minimum bandwidth. We can adjust the scheduling period of High MAC to adapt the delay of transport network.
Cons:
High MAC function is a new function. 
Proposal 2: RAN3 is kindly asked to agree on the above function description of high MAC and low MAC
2.4 The definition of Option 7 (intra PHY split)
In [3][4], two patterns of option 7 had been described. In this contribution, we further discuss another potential pattern of intra PHY function split. In addition, we analysis the pros and cons of those three patterns of intra PHY function.
The following description of PHY processing takes LTE as a reference.
2.4.1 Option 7a
2.4.1.1 Description
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Figure 5 PHY function split option 7a
DL: Precoding function, resource mapping and FFT are in remote unit. The DL precoding function for data and control channel could be different. The rest functions of PHY and the upper layer functions are allocated in centralized unit.
UL: The IFFT, resource de-mapping, and UL channel combining/filtering are in remote unit. The UL channel combing/filter for data and control channel could be different. The rest functions of PHY and the upper layer functions are allocated in centralized unit.
2.4.1.2 Pros and cons
Pros: The data at option 7a is proportional to number of layers and agnostic to antenna number or port number. DL and UL require a low bandwidth.
Cons: Pooling gains is reduced compared with other splits pattern.
2.4.2  Option 7b
2.4.2.1 Description
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Figure 6: PHY function split option 7b
DL: IFFT and CP add functions are in distributed unit, and rest PHY and upper layer functions are in central unit.
UL: FFT and CP remove functions and PRACH filter are in distributed unit, and rest PHY and upper layer functions are in central unit.
2.4.2.2 Pros and cons
Pros: Increase pooling gains; reduce traffic throughout to a certain degree by removing the guard band data and CP data, and frequency domain compression.
Cons: The bandwidth requirement of DL and UL are both huge.
2.4.3 Option 7c
2.4.3.1 Description
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Figure 7: PHY function split option 7
DL: The precoding function, resource mapping and IFFT/add CP are in distributed unit, and the precoding function for data and control channel are different. The rest functions of PHY and the upper layer functions are allocated in centralized unit.
UL: FFT function/remove CP and PRACH filter are in distributed unit, and the rest and upper layer functions are in central unit.
2.3.2 Pros and cons
Pros: The DL data is proportional to the number of layers and agnostic to antenna number or port number. It significantly reduces bandwidth requirement. For UL data, by removing the CP data and frequency domain compression, the traffic throughout is reduced. What’s more, such function split option shall get more pooling gains. 
Cons: Compared with function split between channel combing/filtering mapping, bandwidth requirement of UL increases. 
Proposal 3: RAN3 is kindly asked to choose split option 7’s best architecture based on their pros and cons described above.
3 Conclusion
This contribution has described function architecture for split options 3, 5 and 7 and concludes with proposals as follow:
Proposal 1: RAN3 is kindly asked to agree on the above function description of high RLC and low RLC
Proposal 2: RAN3 is kindly asked to agree on the above function description of high MAC and low MAC
Proposal 3: RAN3 is kindly asked to choose split option 7’s best architecture based on their pros and cons described above.

This contribution also proposes to capture the TP as proposed in [5]
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