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1
Introduction

This document proposes MAC PDU structure for LTE
2
Discussion

2.1 Design principle
The main functionalities of the MAC sub-layer of LTE are shown in [1]. Taking those functionalities into account, the basic elements required for the MAC header are shown as follows.
· Identification of the logical channel type and logical channel of the MAC SDU (i.e. RLC PDU).
· Indication of the existence of the MAC control PDU

· Indication of the existence of padding bits (if necessary)
· Identification of the length of the multiplexed elements such as the MAC SDU, MAC control PDU and padding.

Note that numbering of the sequence number for each MAC PDU is not necessary as functionality of in-sequence delivery is not required at the receiver MAC entity for LTE.

First of all, simplification and reduction of the MAC header structure and overhead is main purpose of the proposal. For LTE, in many cases, only one MAC SDU may be multiplexed into one transport block as the size of the MAC SDU is flexible (flexible RLC PDU size is supported) and granularity of scheduling instance is very short (i.e. 1msec TTI). Therefore the overhead of the MAC header can be reduced in many cases by omitting the length indication of the MAC SDU. In other words, we do not need to include the length indication of the MAC SDU when only one MAC SDU is multiplexed into one MAC PDU as the transport block size (i.e. MAC PDU size) is determined at the receiver MAC entity by the L1/L2 control channel (for downlink) or the scheduling function at eNB (for uplink) and the length of the MAC header is known. As a result overhead of the MAC PDU header can be reduced in many cases.
Taking these points into account, we propose the MAC PDU structure for LTE in the section 2.2.
2.2 MAC PDU structure for LTE
A MAC PDU is comprised from a header and a payload. The MAC PDU payload can be comprised with MAC SDU(s), MAC control block(s) and padding (if necessary), but it includes at least either one MAC SDU (RLC PDU) or one MAC control block. The MAC header is extended for each MAC multiplexing performed in the payload. Figure 1 shows the proposed MAC PDU structure.
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Figure 1:  MAC PDU structure
2.2.1 MAC header
A MAC header consists of the following information elements as shown in the Table 1.
Table 1: Information elements in the MAC header
	Elements
	Definition

	DDI (Data Description Indicator)
	Identifies the type of the corresponding information elements (i.e. logical channel type and identity of MAC SDU, MAC control block, or padding bits)

	LI (Length Indicator)
	Indicates the length of the corresponding information element of the MAC PDU

	E (Extension bit)
	Indicates whether additional MAC header information elements (i.e. combination of LI, DDI and E) are contained in the MAC header


DDI (Data Description Indicator) field

DDI field can be used for the identification of the logical channel and logical channel type of the MAC SDU, the existence of MAC control block and the existence of padding bits. Table 2 shows an example of DDI field and its codeword mapping. Note that the number of bits and definition for DDI field is just an example and needs further study.
Table 2: Example of DDI field in the MAC header for DL/UL-SCH
	IEID
	Definition

	00000-01111
	DTCH #1-#16

	10000-10001
	DCCH #1-#2

	10010-11101
	Reserved

	11110
	MAC control block 

	11111
	Padding


Length Indicator

The length indicator indicates the length of the corresponding element of the MAC PDU (i.e. MAC SDU, MAC control block or padding bits). A MAC header includes N-1 of length indicator for the N elements of the MAC PDU. The details are explained in 2.3. 
Extension bit
The extension bit indicates whether more MAC header information elements (i.e. the combination of the DDI, LI and E bits) are contained in the MAC header.
2.2.2 MAC SDU

A MAC SDU corresponds to a RLC PDU. Multiple MAC SDUs from different logical channels (i.e. RLC entities) are multiplexed into a single MAC PDU. In addition to this, multiple MAC SDUs from one logical channel also can be multiplexed into a single MAC PDU (e.g. multiplexing of first transmission and retransmission of the RLC PDU).
2.2.3 MAC control block

It is anticipated that the use of MAC control message is supported to exchange control information between peer MAC entities. MAC control block (mentioned as MAC control PDU in [1]) consists of a message identity part with fixed length and message part with variable length. The length of the message part and the message identity has a one-to-one mapping. Therefore the total length of the MAC control block is determined by the message identity part of the MAC control block.
Examples of MAC control block are shown in Figure 3. Note that the necessity of the control message in italic is FFS.
Figure 3:  Example of MAC control block
	ID
	Uplink
	Downlink

	
	Message
	Length
	Message
	Length

	00
	Buffer status report [1]
	FFS.
	DRX period control [2]
	FFS

	01
	RLC related control [1,3]
	FFS
	RLC related control [1,3]
	FFS

	10
	FFS
	FFS.
	Timing Advance [1,4]
	FFS

	11
	FFS
	FFS.
	FFS
	FFS


2.2.4 Padding

Padding bits are included in the end of the MAC PDU if the total size of the MAC payload plus the MAC header is smaller than the transport block size.

2.3 Example of MAC PDU
Figures 2 to 5 show some examples of the MAC PDU configurations. Note that not all possible cases are shown in these examples.
2.3.1 Case1: Single MAC SDU (no multiplexing, no padding)
Figure 2 shows an MAC PDU structure in which a single MAC SDU is multiplexed (i.e. no multiplexing) and no padding bits are included. In this case, the MAC PDU can be comprised with a basic header including only DDI and Extension bit, followed by the MAC SDU. The length of the MAC SDU can be determined by subtracting the total length of MAC header from the transport block size.
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Figure 2:  Example of MAC PDU (Single MAC SDU)
2.3.2 Case2: Single MAC SDU (no multiplexing, with padding)

Figure 3 shows a MAC PDU structure in which a single MAC SDU is multiplexed and padding bits are included. In this case, the MAC PDU can be comprised with a basic header including DDI and Extension bit and an extended header including LI, DDI, and Extension bit, followed by the MAC SDU and padding.

The DDI field in the basic header identifies the logical channel of the MAC SDU and the DDI field in the extended header indicates the existence of the padding bits in the MAC PDU. The LI in the extended header indicates the length of either MAC SDU or the padding bits. In figure 3, the LI in the extended header indicates the length of the MAC SDU. Thus, the length of the padding bits can be determined by subtracting the total length of MAC header and MAC SDU from the transport block size.
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Figure 3:  Example of MAC PDU (Single MAC SDU with padding bits)
2.3.3 Multiple MAC SDU case

Figure 4 shows an MAC PDU structure in which multiple (three) MAC SDUs are multiplexed into one MAC PDU. In this case, the MAC PDU can be comprised with a basic header including DDI and Extension bit and two extended headers including LI, DDI, and Extension bit, followed by the three MAC SDUs.

The DDI field in the first to third header elements identifies the logical channel of the first to third MAC SDU, respectively. In figure 4, the LI in the second/third (extended) header element indicates the length of the first/second MAC SDU, respectively. The length of the last (third) MAC SDU can be determined by subtracting the total length of MAC header and first two MAC SDUs from the transport block size.
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Figure 4:  Example of MAC PDU (Multiple MAC SDU)
2.3.4 Case4: Single MAC control block

Figure 5 shows an MAC PDU structure in which single MAC control block is multiplexed into one MAC PDU with padding bits. In this case, the MAC PDU can be comprised with a basic header including DDI and Extension bit, followed by the MAC control block and padding bits.

The DDI field in the header identifies the existence of the MAC control block. The length of the MAC control block can be determined by the control message identifier in the block.
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Figure 5:  Example of MAC PDU (Single MAC control block)
3
Proposal

We propose to support provided MAC PDU structure for LTE.
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