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Proposed Text for the TR on NB M2M MAC PDU structure
Introduction
A new study item named Cellular IoT was approved at GERAN#62 (see [1]). MAC PDU structure and segmentation and re-assembly have been proposed in [2]. This document contains a text proposal for the Cellular IoT TR on the initial random access procedure of MAC layer of the Clean-slate solution which is the result of consolidating [2].
Proposed text for the TR
	First Change


7.1	Narrow Band M2M (NB M2M)
[bookmark: _Toc397026297]7.1.4	Link layer aspects
7.1.4.x MAC PDU structure
7.1.4.x.1 General structure
The NB M2M solution allows multiplexing of MAC signalling and data in one MAC PDU to enhance resource utilization efficiency. Generally a MAC PDU payload consists of a MAC header and a MAC payload. The MAC header is a list of MAC sub-headers which define the type of contents of the MAC payload. The MAC payload is a list of MAC payload elements. Each MAC payload element is either a MAC data element or a MAC control element, containing data or MAC signalling respectively. And the control elements are included firstly. The length of a MAC PDU is variable and the maximum size of each control/data element depends on the code block size in physical layer. Padding and a CRC are appended to the MAC PDU.


Figure 7.1.4.x-1. Example of MAC PDU payload
The number of sub-headers and MAC payload elements must match with each other, and the order of the sub-headers indicates the order and contents of the MAC payload elements. An overview of the relationship between the sub-headers and MAC payload elements is shown in Figure 7.1.4.x-2.


[bookmark: _Ref389056136]Figure 7.1.4.x-2. Relationship between sub-headers and MAC payload elements
7.1.4.x.2 MAC design for control messages
7.1.4.x.2.1 Common control message
- Control sub-header structure
A control sub-header in the MAC header indicates that there is a corresponding MAC control element in the MAC payload. For example, the major fields of a control sub-header are shown in Table 7.1.4.x-1. 
Table 7.1.4.x-1. Fields in MAC control sub-header
	Field
	Description

	E
	Extension. Set to 1 if more sub-headers follow this sub-header, or set to 0 in the last sub-header of the MAC header.

	C
	Set to 1 to indicate the associated MAC payload element is a control element.

	Type
	The type fields indicate the type of control message in the corresponding control element.



- Control element structure
Uplink and downlink control elements are defined as payload to carry different control messages. Different core network architectures may need different control elements, which can be indicated by the type field in the control sub-header. 
7.1.4.x.2.2 Control message for random access procedure
-Uplink
Random Access Request messages are designed different from common control messages. Control sub-header is omitted and a field “Type” is added to indicate the type of random access messages.
-Downlink
Downlink messages for random access procedure include Random Access Response and Random Access Reject. The designs are similar with uplink messages.
7.1.4.x.2.3 Control message for SI and Paging
System information and paging are carried on dedicated transport channels, i.e. BCH, E-BCH and PCH, thus control sub-header is omitted. The detail formats of these MAC PDUs are described in the sections related to system information and paging.


Figure 7.1.4.x-3. MAC PDU for SI and paging
7.1.4.x.3 MAC design for data transmission
7.1.4.x.3.1 Data sub-header structure
A data sub-header in the MAC header indicates that there is a corresponding MAC data element in MAC payload. For example, the major fields of a data sub-header are shown in Table 7.1.4.x-2.
Table 7.1.4.x-2. Fields in MAC data sub-header
	Field
	Description

	E
	Extension. Set to 1 if more sub-headers follow this sub-header, or set to 0 in the last sub-header of the MAC header.

	C
	Set to 0 to indicate the associated MAC payload element is a data element.

	Type
	S1-based: The type field indicates the type of data in the corresponding data element. At least upper layer signalling and user data should be classified, in order to use different security mechanisms in upper layer. 
Gb-based: This field is set to a reserved value.

	SN
	Might be included to indicate the segment sequence number in the upper layer PDU.

	FI
	Indicating whether the segment is last or not in the upper layer PDU.

	L
	Indicating the length of the data element in bytes


7.1.4.x.3.2 Data element structure
For both Uplink and Downlink the data element structure is the same. As the S1 interface is connection oriented, thus in S1-based architecture, data element contains the payload of the data or upper layer (RRC) signalling to be transmitted. In Gb-based architecture, data element only contains the payload of data.
7.1.4.x Segmentation and re-assembly
Normally the maximum size of data element is less than the PDCP or LLC PDU size, therefore the MAC layer has to support segmentation and re-assembly of the upper layer PDUs. The general overview of this function is shown in Figure 7.1.4.x-1.


Figure 7.1.4.x-1. Segmentation and re-assembly overview
7.1.4.x.1 Segmentation
Segmentation of upper layer PDUs is to support multiple MAC PDUs containing one single upper layer PDU. The received (and segmented) upper layer PDUs shall be put into MAC PDUs in the same order as they are received from higher layers. Some segment information fields are included in data sub-header for each MAC data element to identify the segments of an upper layer PDU.
7.1.4.x.2 Re-assembly
MAC PDUs shall be collected at the receiver until all MAC PDUs comprising an upper layer PDU have been received, judged by the segment information fields described in data sub-header. The MAC headers shall be removed from each MAC PDU and the MAC data elements will be re-assembled into an upper layer PDU. 
Received upper layer PDUs shall be delivered to the higher layer in the order in which they were originally transmitted. This is guaranteed by the single process retransmission mechanism.
7.1.4.x.3 Impact on upper layer
In Gb-based architecture, nothing needs to be changed in the specifications to match upper layers.
In S1-based architecture, RRC and PDCP specifications need to be updated with the new definition of the discardTimer.
	End of Changes
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