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1.	Introduction
At the RAN2#93bis meeting, the issue of CU/DU split was discussed, and the following agreements were made based on the way forward [1].
Agreements
1)      RAN2 will identify the main radio interface protocol functions
2)      RAN2 will decide the order/placement/grouping of functions in protocol layers

At the RAN2#94 meeting, high level principle of NR user plane architecture was discussed, and RAN2 made following agreements:
Agreements
1	LTE L2 functions are consider as a baseline for NR. Order, allocation to sublayers, possible merger of functions needs to be considered on a case by case basis.

Agreements:
1 	Study whether a single packet reordering function is possible
2	Study whether segmentation function can be configured (enabled/disabled) to support different services
3	Study whether concatenation function can be moved to lowest L2 sublayer. 
4	Study whether retransmission of PDU segments can be removed (i.e. only complete PDU level retransmission)

In this document, we first identify the required L2 functions for NR, and then suggest function grouping considering the CU/DU split.

2.	Identification of essential L2 functions
In LTE, lots of functions are defined in L2 specifications. However, we think essential functions are not so many, and they are listed below:
Table 1: Required L2 functions in NR
	Transmitting side
	Receiving side

	Header Compression
	Header Decompression

	Ciphering and Integrity Protection
	Deciphering and Integrity Verification

	Routing
	Reordering

	Segmentation and Concatenation
	Re-assembly

	Retransmission
	Status Reporting

	Multiplexing
	De-multiplexing

	HARQ transmission
	HARQ reception



· Header Compression and Decompression
· This function reduces IP header overhead very much, and it is essential for VoIP packets where the header overhead is large compared to payload size. For the TCP/IP packets the need for header compression is not essential due to the large size of payload.
· Ciphering/Deciphering and Integrity Protection/Verification
· This function ensures secured communication between two peer entities, and thus it should be mandatorily supported unless security is provided in NAS layer. To apply the time-varying security mask to each packet, Sequence Number should be associated to each packet.
· Routing and Reordering
· The Routing function is used to select a transmission path when multiple transmission paths are configured. The multiple transmission paths are realized by multiple HARQ processes or multiple DUs.
· The Reordering function needs to be implemented in the Rx side in order to make the packets received out-of-order to be in-order. The out-of-order reception is inevitable if multiple transmission paths are configured. To perform reordering, identification of each packet is essential which can be achieved by Sequence Number. 
· Segmentation, Concatenation, and Re-assembly
· The Tx side is required to segment or concatenate the SDUs to make the PDU with size fit into the available radio resource. To indicate segmentation and concatenation of SDUs, a Segmentation/Concatenation Information (SCI) needs to be attached to each PDU. In LTE, the SCI is realized by various header fields, e.g. SN, LI, SO, FI. 
· The Rx side performs Re-assembly function for the received PDUs in order to obtain complete SDUs.
· Retransmission and Status Reporting
· If NR L2 is required to support error-free transmission, the Retransmission function is essential. The retransmission is triggered by Status Report received from the Rx side. 
· The Rx side identifies the missing packets based on the Sequence Numbers, and requests retransmission of the missing packets using the Status Report.
· Multiplexing and De-multiplexing
· The Multiplexing function is needed if one PDU is required to include SDUs from multiple flows in order to achieve transmission efficiency. However, as explained in [2], this function is not essential if the buffer status of each flow is accurately provided and the transmission resource is allocated for each flow, in which case the transmission efficiency achieved by multiplexing is negligible. Thus, the need for this function is FFS.
· HARQ transmission and reception
· To achieve the robustness of the packet transmission, HARQ operation is essential. However, whether to specify HARQ operation in L2 or L1 needs further discussion.

Proposal1: Adopt the functions listed in Table 1 as the essential functions of NR L2 protocol.

3.	Location of essential L2 functions
Due to the potential split between CU and DU, the location of each function should be carefully defined. We think following requirements should be considered when defining the locations.
Transmitting side:
· Header Compression is applied to IP header of the original IP packet, and thus it should be located in CU.
· Routing should be performed before a packet is routed to one of multiple transmission paths. As one CU can be mapped to multiple DUs, this function should be located in CU as a last step of functions in CU.
· Segmentation/Concatenation is performed based on the available transmission resource size. As the size is determined by the radio condition, this function should be located in DU. Before the transmission resource size is determined, SDUs should be stored in the buffer. Thus, SDU buffer should be located in DU to prepare for Segmentation/Concatenation.
· If Multiplexing is supported, the Multiplexing function should be performed after Segmentation/Concatenation. The SDU segments from different flows can be multiplexed into one PDU. In addition, Control information can be also multiplexed into the PDU.
· Retransmission function can be implemented in both CU and DU. However, Retransmission in CU can cover both multiple DUs and multiple HARQ processes, while Retransmission in DU can cover only multiple HARQ processes. Therefore, implementing Retransmission function only in CU is sufficient.
· To identify the packets that need to be retransmitted, SN should be attached to each packet. As the retransmission function is needed in CU, the SN should also be attached in CU. The SN attached in CU can be reused in DU to identify the SDU segment
· Ciphering/Integrity Protection is performed using SN. Thus, this function should be located in CU. The processing order between Ciphering/Integrity Protection and Retransmission is not so important, but if new Ciphering/Integrity Protection is not needed for retransmitted packets, it is preferred to perform Ciphering/Integrity Protection before Retransmission.
· The HARQ function should be the last function of L2, if defined as a L2 function.
The Figure 1 shows an example of L2 transmitting side that can be used for NR. In the figure, potential split between CU and DU is also shown.
Proposal2: For the transmitting side of L2 protocol, define following functions in CU and DU, respectively.
· CU: Header Compression, Ciphering/Integrity Protection, Retransmission
· DU: Segmentation/Concatenation, (Multiplexing), HARQ


Figure1: Transmitting side of L2 in NR

Receiving side:
The functions in the receiving side are mostly same as the reverse order of the functions in the transmitting side. Only the different aspects are addressed below.
· In CU, the Deciphering/Integrity Verification function should be performed before Reordering function in order to save L2 processing time. This issue was discussed in DC.
· Status Reporting is supported in CU by checking the missing SDU in reordering buffer.
· In DU, SDU segment reordering should be implemented in order to re-assemble a complete SDU from multiple SDU segments.
The Figure 2 shows an example of L2 receiving side that can be used for NR. In the figure, potential split between CU and DU is also shown.
Proposal3: For the receiving side of L2 protocol, define following functions in CU and DU, respectively.
· DU: HARQ, (De-multiplexing), SDU segment reordering, SDU reassembly
· CU: Deciphering/Integrity Verification, Reordering/Status Reporting, Header Decompression



Figure2: Receiving side of L2 in NR

4.	Conclusions
This document discusses essential functions required for NR L2 protocol, and suggests suitable locations of each function considering CU/DU split. The followings summarize our proposals:
Proposal1: Adopt the functions listed in Table 1 as the essential functions of NR L2 protocol.
Proposal2: For the transmitting side of L2 protocol, define following functions in CU and DU, respectively.
· CU: Header Compression, Ciphering/Integrity Protection, Retransmission
· DU: Segmentation/Concatenation, (Multiplexing), HARQ
Proposal3: For the receiving side of L2 protocol, define following functions in CU and DU, respectively.
· DU: HARQ, (De-multiplexing), SDU segment reordering, SDU reassembly
· CU: Deciphering/Integrity Verification, Reordering/Status Reporting, Header Decompression
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