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1
Introduction

The recent decision in RAN to have the ARQ entity in eNodeB allows designing an efficient and radio aware segmentation for E-UTRAN. In this contribution a proposal of the MAC segmentation scheme is presented.

2
Segmentation principles for E-UTRAN
The segmentation in E-UTRAN MAC should be done according to the following principles:
-
Complete SDUs (=IP packets) are numbered with sequence numbering (SSN);

-
The use of same SDU sequence numbering both for ciphering and ARQ should be studied;

-
Sequence numbering is done at MAC (ARQ) or at PDCP (see above);
-
ARQ is the first MAC function;

-
There is one ARQ entity per logical channel;

-
Segmentation and possible resegmentation is performed in ARQ entity;

-
ARQ retransmissions either at SDU or PDU (segment) level;

-
Re-ordering done at ARQ based on SSN and segment offsets in the receiver;

-
Scheduling and priority handling controls segmentation;

-
No resegmentation for HARQ retransmissions. However, ARQ may perform resegmentation (if needed) for ARQ retransmission;

-
The segmentation of MAC SDUs is performed in such a way so that unnecessary segmentation can be avoided. In a preferable implementation, the necessary segmentation is done adapted to the scheduled TB size for the next TTI so as to fill up the TB without using padding.
-
The concatenation of MAC C-PDUs and MAC D-PDUs from different logical channels can be performed per C-RNTI (i.e. per UE). This is also for filling up the TB without using padding. The basic data flow through MAC for SCH is illustrated in Figure 1. Note that RRC messages are also considered as user data to MAC and sent in MAC D-PDUs. MAC C-PDUs are originated and terminated in MAC peer entities for MAC level peer-to-peer control signaling.

-
MAC segment header and MAC segment size should be octet aligned

3
MAC PDU structures

Figure 1 illustrates an example of the basic data flow through the MAC for one UE, where

· The segmentation of MAC SDUs, the PDU packing, and the concatenation of C-PDUs and D-PDUs are aimed for an optimum protocol overhead with simple and robust data structures. 
· This also aims to allow more important MAC PDUs from a SCH TB to be processed first at the receiver by placing C-PDUs and D-PDUs in the priority order of scheduled logical channels at the sender. (It is assumed that one single TB is allowed per a TTI for a scheduled UE as in HSDPA and HSUPA.)

· The set C-RNTI, LCID, and SSN identifies MAC SDU. C-RNTI is sent in PHY control channel, LCID is sent in MAC D-PDU header, and SSN is sent in MAC segment header.
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Figure 1: Basic data flow through MAC
In the following subsections more detailed proposal of MAC segment as well as D-PDU and C-PDU structures are given.

3.1
MAC segment

MAC segment is proposed to consist of a segment of a MAC SDU or a whole MAC SDU, with a MAC segment header. One important issue here is that MAC segment header and MAC segment size should be octet aligned. Two different MAC segment header structures are proposed for different type of MAC segments as shown in Figure 2 (offset is not needed for a complete SDU or for the first segment). The size of MAC segments is basically determined by MAC layer based on the available physical layer resources so as to fill the transport block efficiently.
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Figure 2 MAC segment

Table 1: Purpose of fields in MAC segment

	Field
	Purpose

	E
	Extension bit is used for concatenation of MAC segments having the same LCID. It specifies whether segments of the same LCID are following or not. This bit needs to be changed when the concatenation of segments is performed, but it is defined as a field of MAC segment to keep the size of MAC segment in octets.

	P
	Polling bit is used for requesting the AM status report from receiver in acknowledged mode. In case of unacknowledged mode, this bit is ignored.

	SSN
	The order of MAC SDU is numbered by SDU sequence number (SSN). All segments of the same MAC SDU have the same SSN. SSN is used for in-order delivery.

	SC
	Segmentation control (SC) field specifies from which part of MAC SDU the segment comes. This field is used for the segmentation and reassembling of MAC SDU.

	Length
	The length of the payload in octets

	Offset
	The starting point of the MAC segment in the original MAC SDU in octets

	Payload
	A segment of MAC SDU (full octets)


Table 1 explains the different header fields of the MAC segment. A byte offset is proposed for numbering and reordering of the segments instead of a segment number. The offset value provides an easier way to position a received segment in the reordering queue, and supports simple and straightforward resegmentation with constant header structure (in contrast to proposed multilevel segmentation schemes [3]).
3.2
MAC D-PDU

MAC D-PDU is proposed to be a concatenation of D-PDU header and one or multiple MAC segments of a single LCID, which are scheduled for the next sub-frame. The header length and the total length are designed to be multiples of octets. The structure is shown in Figure 3 and the fields are explained in Table 2.
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Figure 3: MAC D-PDU

Table 2: Purpose of fields in MAC D-PDU

	Name
	Purpose

	D/C
	Data/Control (D/C) bit indicates the type of MAC PDU; MAC D-PDU or MAC C-PDU. This bit field is set 1 in D-PDU

	PTI
	Payload type indicator (PTI) bit indicates whether D-PDUs are following or not.

	LCID
	Logical channel ID (LCID) specifies the type of logical channel, and the flow identifier for the dedicated logical channel

	Payload
	Zero to Multiple MAC segments


3.3
Control PDUs over SCH
A MAC C-PDU is proposed for MAC control signals. C-PDU consists of C-PDU header and MAC control payload, the structure of which is defined for each control signal. Figure 4 shows a proposal for the C-PDU structure.
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Figure 4: MAC C-PDU

4
Conclusions

The basic principles of segmentation are presented. The design of the MAC PDU structures and segmentation for E-UTRAN emphasizes both simplicity and efficiency for packet data transmissions over the new radio interface by using efficient adaptive segmentation, packing and concatenating of the MAC SDUs into MAC PDU and MAC PDUs into TB for SCH based on scheduling decisions, i.e., based on the available radio resources. This also allows for designing effective ARQ for a fast AM operation with minimum redundancy toward the HARQ, yet utilizing the local knowledge about the status of the HARQ process to manage the corresponding ARQ entity.

The proposed MAC segmentation is simple, efficient and robust for E-UTRAN requirements. Therefore, we propose to include the MAC segmentation described above into TR 25.813: Radio Interface Protocol Aspects.
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