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1 Introduction

This document discusses the required control information transmitted in the MAC headers in order to support the functions and services provided by the MAC sublayer as specified in [1]. A MAC PDU format for LTE is proposed accordingly.   

2 Discussion

According to [1], the main functions, which require signalling of certain control information to a peer entity in a MAC PDU, are

· Multiplexing/demultiplexing of RLC PDUs belonging to one or different radio bearers into/from transport blocks (TB) delivered to/from the physical layer on transport channels

· Priority handling between UEs by means of dynamic scheduling

· Error correction by means of HARQ

· Padding  

Since RLC sub-layer can handle the out-of-sequence delivery caused by HARQ, MAC layer does not need to support in-sequence delivery, i.e. reordering functionality. Based on the above listed functions and services provided by the MAC layer the MAC PDU format is designed in the following sections. 

2.1 MAC PDU

The MAC PDU, i.e. Transport Block, consists of one or more MAC data PDUs (MAC-D PDU) and MAC control PDU(s) (MAC-C PDU) and potentially padding.  
No explicit MAC PDU header information is required since all necessary information is contained in the corresponding MAC data/control PDU header already. Since concatenation on RLC layer is supported there is only one MAC data PDU per radio bearer in one MAC PDU except for the case of RLC retransmission; here it should be possible to multiplex several MAC data PDU from the same radio bearer into one MAC PDU. Only one Transport Block, i.e. MAC PDU, per layer is delivered to the physical layer in one TTI. 

The figure below shows one exemplary MAC PDU composed of MAC data/control PDU(s). In this figure all header fields of the MAC-D /MAC-C PDUs are put together at the beginning of the MAC PDU.
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Figure 1: MAC PDU 

2.1.1   MAC-data PDU (MAC-D PDU)

MAC-data PDUs are composed of RLC PDUs received from the logical channels. There is only one RLC PDU per MAC-data PDU. To this RLC PDU, a MAC-data header is prepended. In order to support the multiplexing of RLC PDUs from different logical channels, a logical channel identifier (LCID) is necessary per MAC-data PDU. A length field indicates the length of a RLC PDU contained in a MAC-data PDU. Since padding is supported, in case the granted Transport Block size is bigger than the amount of control information and available data in the buffers, the end of the Payload within in a MAC PDU needs to be explicitly indicated. This is done by means of an extension flag, which indicates whether another MAC-D or MAC-C PDU is following.   

In the figure below the format of a MAC-Data PDU is shown.
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Figure 2: MAC data PDU structure

The description of the header fields are given in the following table 

	Header Field
	Description

	D/C Field
	The D/C field indicates whether PDU type is MAC-Data or MAC-control PDU. For a MAC-Data-PDU the flag is set.

	LCID
	Identifies the corresponding logical channel (RLC entity) of the RLC PDU

	Length Field (LF)
	Indicates the length of a RLC PDU 

	Extension Bit (E)
	Indicates whether another MAC Control/Data PDU is contained in the MAC PDU


It should be noted that the size of the header fields are FFS and need to be discussed within RAN2.

2.1.2 MAC-Control PDU (MAC-C PDU)

MAC control PDUs are used to exchange control information between peer MAC entities. For example Scheduling information could be transmitted to the scheduler by means of a MAC control PDU similar to HSUPA. Furthermore HARQ related control information, i.e. Nack->Ack error reporting, or control information for DRX operation could be signalled via MAC-control PDUs. Similar to the MAC-data PDUs the length of the MAC-control payload containing the control information as well as a flag indicating the end of the payload in a MAC PDU needs to be indicated since padding is supported. It should be noted that separation of Control plane and User plane is done separately for MAC and RLC layer, i.e. RLC Control messages are treated as RLC PDUs from MAC point of view. Generally it would be also possible to transmit RLC control messages within a MAC-C PDU as proposed in [2]. However this would require two different formats for a MAC-C PDU since RLC control messages are radio bearer (logical channel) specific.  

In the figure below the format of a MAC-Control PDU is shown.
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Figure 3:  MAC Control PDU format

The following table lists a description of the header fields in a MAC-control PDU.

	Header Field
	Description

	D/C Field
	The D/C field indicates whether PDU type is MAC-Data or MAC-control PDU. For a MAC-Control-PDU the flag is not set.

	Length Field (LF)
	Indicates the length of the MAC-Control payload

	Extension Bit (E)
	Indicates whether another MAC Control/Data PDU is contained in the Transport Block 


It should be noted that the size of the header fields are FFS and need to be discussed within RAN2.

3 Conclusion 

This contribution presents a MAC PDU format supporting all functions and services provided by the MAC sublayer. 
It’s proposed to capture agreeable parts in the relevant specifications.  
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