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1. Introduction
During the RAN2#58bis meeting in Orlando, it was agreed that the PDCP SN is applied per SDU.
The following two issues related to the PDCP header format are still FFS ‎[1] :
1) Handling PDCP u-plane data not associated to a PDCP SDU (e.g. stand-alone RoHC feedback and u-plane status reports at inter-eNB handover);

2) Length of SN in the u-plane PDCP Data PDU.
This paper discusses these topics, and proposes a way forward for the PDCP header formats.
2. Discussion

2.1. Handling PDCP U-Plane Data with no associated PDCP SDU

Header compression in the LTE PDCP is based on the RoHC framework ‎[3]. A RoHC entity may at any time generate a feedback message, even when no SDU is being compressed. This type of stand-alone feedback, referred to as interspersed feedback in ‎[3], is not associated (i.e. it is not piggybacked) with user-data from a PDCP SDU.
At inter-eNB handovers, it is agreed that u-plane status reports can be sent between the UE and the target eNB. These reports are sent between PDCP entities to report what PDCP SDUs are missing from the window of PDCP PDUs that were in-flight before handover to the target cell.
The PDCP SN is associated per PDCP SDU, and carried inside each PDCP Data PDU for the u-plane   ‎[1]. This implies that stand-alone RoHC feedback and u-plane status reports cannot use this PDCP Data PDU format. There is thus a need to define a control message between two PDCP instances to carry user-plane related control data.
Proposal 1: A PDCP Control PDU for u-plane data should be defined in the LTE PDCP layer.

One alternative could be to define the u-plane status report as an RLC control message. It makes however more sense to define this control message inside PDCP, because the reports consist of a list of PDCP SNs. For the downlink, the PDCP receiver (the UE) is aware of its status based on RLC SDUs delivered from lower layers; for the uplink, the status information is conveyed from source to target eNB over the X2 interface, and RLC is not involved in gathering this information. In addition, stand-alone RoHC feedback is generated in the PDCP layer itself, and as no relation to the RLC layer.

Proposal 2: 
The contents of the PDCP Control PDU format for u-plane data should be structured using the super field (SUFI) approach.

The PDCP Control PDU has at least two different types of u-plane control data to carry: stand-alone RoHC feedback and PDCP status reports; it must be possible to distinguish them. The SUFI approach is useful to ensure forward compatibility, if control element(s) are to be added in the future.

Proposal 3: A SUFI format should be defined for u-plane status reports. A format is proposed in ‎[2].
Proposal 4: a SUFI format should be defined for stand-alone RoHC feedback. See section ‎3.2.2.
2.2. Multiplexing U-plane Control and Data PDUs between two PDCP Entities
It is proposed to use flag to indicate whether the PDCP PDU is a Data PDU or a Control PDU (D/C).
Proposal 5: The u-plane PDCP PDU format uses a 1-bit indicator (D/C) in the first octet of the PDU.

2.3. Length of PDCP SN

The length of the PDCP SN has been previously addressed in ‎[4]; the conclusion was that 12 bits of SN were sufficient for non real-time bearers, while 7-8 bits could be suitable for real-time services.
With PDCP in the eNB, the requirements on the length of the PDCP SN are less stringent when there is no handover procedure ongoing. A reliable RLC AM) delivers PDCP SDUs in-sequence, and only back-to-back losses at RLC could possibly have PDCP loose synchronization. Otherwise (RLC UM and semi-reliable RLC), a short PDCP SN is deemed sufficient.
However during inter-eNB handover, there is a “window” of PDCP PDUs in flight and partly received by the receiver. This window should not exceed half the PDCP SN space, otherwise it makes it difficult to determine whether a PDU is in correct sequence or not, or whether it is a duplicate of an old SDU, or whether it is a new SDU. For IP flows with a small packet size that operate at a high bit rate, it may still be useful to have a long SN.
Therefore, we expect that the numbers from ‎[4] are still a suitable working assumption with respect to requirements on the length of the PDCP SN.
Proposal 6: The length of the PDCP SN can be configured by RRC, per Radio Bearer.
Proposal 7: The length of the PDCP SN can have one of two possible values:

            - 12 bits (leaving 3 unused bits in the first octet of the PDU format)

            - 7 bits

Considering that the proposed D/C field is 1 bit, it makes it possible to have octet alignment of the PDCP header, while fulfilling the requirements of the SN from a data rate perspective ‎[4].
3. Proposed Formats for u-plane data PDUs
The general format proposed for the u-plane PDCP PDU is given in figure 1 below. 
	D/C
	

	


Figure 1: Proposed format for the LTE u-plane PDCP PDU
The length of the D/C field is 1 bit; if set to 0 the PDU is a Control PDU, if set to 1 the PDU is a Data PDU.
3.1. PDCP Data PDU for u-plane data

The PDCP Data PDU is used to exchange data between two PDCP entities. The format proposed for the control PDU is given in figure 2 (7-bit SN) and figure 3 (12-bit SN) below.
	D/C
	SN

	Data


Figure 2: Proposed format for the LTE PDCP Data PDU - Short SN (7 bits)
	D/C
	Reserved
	SN

	SN

	Data


Figure 3: Proposed format for the LTE PDCP Data PDU - Long SN (12 bits)
What format is used for a PDCP entity is configured by upper layers (RRC).

3.2. PDCP Control PDU for u-plane data

3.2.1 Proposed Format
The PDCP Control PDU is used to exchange control information between two PDCP entities. The format proposed for the control PDU is given in figure 4 below. It is proposed to define a 3-bit SUFI type field, and to keep 4 bits reserved for future use:

	D/C
	Reserved  
	SUFI Type

	SUFI


Figure 4: Proposed format for the LTE PDCP Control PDU

There can be at most one super field (SUFI) per control PDU. The length of the SUFI is derived from the MAC header. A Control PDU shall be a multiple of 8 bits.
3.2.2 Proposed SUFI Types
Two SUFIs are proposed: one for user plane status reports, and one for stand-alone RoHC feedback. The following types are proposed: 

	Bit
	SUFI Type

	000
	STATUS

	001
	ROHC FEEDBACK

	010-111
	Reserved (a SUFI with this coding will be discarded by this version of the protocol).


A proposal for the format of the SUFI for user plane status reports is found in ‎[2].
The format of the SUFI for the stand-alone RoHC feedback contains at least one RoHC feedback element and follows the definition of the RoHC packet format in section 5.2.1 of RFC 4995 ‎[3].
4. Conclusion
It is proposed that RAN2 discusses the detailed proposal described in this contribution, and agrees on the proposed formats. Upon agreement in RAN2, Ericsson can contribute with further text proposal.
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