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1 Introduction

During the previous RAN2 meetings, a number of decisions regarding PDCP/RLC/MAC operation have been made. However, the issues about NR PDCP PDU format have not been handled yet. This contribution discusses some basis for the PDCP PDU structure and the objective is to establish possible assumptions for NR PDCP that are needed for the derivation of PDCP header formats.
2 Discussion
In LTE, the PDCP PDU and the PDCP header are octet-aligned and the PDCP header can be 1 or 2 or 3 bytes long for U-plane data and 5 bytes (including MAC-I) long for C-plane data. Peer-to-peer communication between PDCP layers is executed with the exchange of PDCP PDUs and is supported by PDCP PDU formats. PDCP headers contain pieces of information that are needed for the receiver to process incoming PDCP PDUs. Specifically, the LTE PDCP PDU formats can be summarized as follows [1]:
	
	Control plane
	User plane

	Format
	PDCP Data PDU
	PDCP Data PDU
	PDCP Control PDU

	MAC-I
	Always Yes
	Always No
	Always No

	D/C
	No
	Yes
	Yes


Table 1. LTE PDCP PDU formats 
As shown in the table 1, LTE has different PDCP PDU formats for C-plane and U-plane, respectively and U-plane has two distinct formats for PDCP Data PDU and PDCP Control PDU, which are differentiated by D/C field. As for MAC-I, it can be used only for C-plane data. 
In this contribution, we discuss whether NR follows the same principle as LTE in defining NR PDCP PDU formats. At first, the PDCP PDU and the PDCP header needs to be byte-aligned to simplify the header parsing and reduce the computational complexity because the maximum data rate of NR is much higher than that of LTE, thus the processing load for UE needs to be reduced. 

Proposal 1. NR PDCP PDU and the NR PDCP header should be byte-aligned.

To keep the separate process of C-plane and U-plane as in LTE, it can be proposed that the NR PDCP supports at least the following two formats; one with a sequence number and one with both sequence number and integrity protection checksum. The former is used for encryption of user data streams whereas the latter one is used for ciphering and integrity protection of NAS signaling, i.e. different PDU formats for C-plane and U-plane needs to be defined. 
Proposal 2. NR PDCP should define different PDCP PDU formats for C-plane and U-plane.
In the early stage of LTE, the first agreement for PDCP was to support Robust Header Compression (ROHC) framework. Since NR would be also a packet-centric system, RoHC would be required to reduce the overhead, i.e. the header compression is obviously a necessary function for NR. The header compression might be based on RoHC framework of LTE. A RoHC entity may at any time generate a feedback message. This type of standalone feedback, referred to as interspersed feedback, is not associated (i.e. it is not piggybacked) with user-data from a PDCP PDU. In addition to this, U-plane status report would be also required to report what PDCP PDUs are missing from the window of PDCP PDUs that were in-flight before handover to the target cell.  In NR PDCP, the PDCP SN would be per PDCP SDU, and carried inside each PDCP Data PDU for U-plane. This implies that the stand-alone RoHC feedback and U-plane status reports cannot use this PDCP Data PDU format. There would be thus a need to define a control message between two peer PDCP entities to carry U-plane related control data, i.e. PDCP Control PDU format for U-plane should be required for NR. In the other hand, there seems no strong reason to support PDCP Control PDU for C-plane.
Proposal 3. NR PDCP should define PDCP Control PDU format for U-plane.

Proposal 4. NR PDCP doesn’t have to define PDCP Control PDU format for C-plane.

Proposal 5. NR PDCP should define PDCP Data PDU format for both U-plane and C-plane.

In LTE, the upper layer packet includes both U-plane and C-plane packets. In the transmitting side, they are first stored in the transmission buffer where the PDCP SNs are associated. The sequence number needs to be delivered in the PDCP PDU header for providing input to the deciphering algorithm at the receiver end. After that, U-plane packets are delivered to header compression protocol, and then delivered to the security block for ciphering. The C-plane packets bypass the header compression, but are delivered directly to the security block for both ciphering and integrity protection. 
One additional point to be discussed for NR PDCP is whether integrity protection can be applied to U-plane data or not. Recently, SA3 has an on-going discussion about U-plane integrity protection, e.g. U-plane integrity protection is mandatory to support in the network while optional in UE [2]. If SA3 decide to use the MAC-I for U-plane integrity protection, it might be optionally present for DRB. Hence, one can think that one bit indicator may be required to indicate the existence of MAC-I. If the MAC-I can be added to per packet, then the explicit indicator in the header would be necessary. It really depends on how SA3 decide the application of MAC-I. 

 Proposal 6. NR PDCP should reserve at least one bit for U-plane PDU format.

Based on the above, the proposed NR PDCP PDU formats can be summarized as follows:

	
	Control plane
	User plane

	Format
	PDCP Data PDU
	PDCP Data PDU
	PDCP Control PDU

	MAC-I
	Always Yes
	Up to SA3 decision
	Up to SA3 decision

	MAC-I indicator
	No
	Maybe

(Up to SA3 decision)
	Maybe

(Up to SA3 decision)

	D/C
	No
	Yes
	Yes


3 Conclusion

In this contribution, we provide our view on PDCP PDU format for NR and ask RAN2 to discuss the following proposals:
Proposal 1. NR PDCP PDU and the NR PDCP header should be byte-aligned.

Proposal 2. NR PDCP should define different PDCP PDU formats for C-plane and U-plane.
Proposal 3. NR PDCP should define PDCP Control PDU format for U-plane.

Proposal 4. NR PDCP doesn’t have to define PDCP Control PDU format for C-plane.

Proposal 5. NR PDCP should define PDCP Data PDU format for both U-plane and C-plane.

Proposal 6. NR PDCP should reserve at least one bit for U-plane PDU format.
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