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NB M2M - MAC PDU Structure and Impact Evaluation on Upper Layer
Introduction
MAC layer is an important sub-layer in Clean-slate solution for Cellular IoT [1]. This paper is to illustrate the MAC PDU structure and its segmentation/re-assembly function for both of S1-based architecture and Gb-based architecture. Meanwhile preliminary analysis of impact on upper layer is provided in this paper.
MAC PDU structure
General structure
Unlike legacy GPRS, the NB M2M solution allows multiplexing of MAC signalling and data in one MAC PDU to enhance resource utilization efficiency. 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 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 2.


[bookmark: _Ref389056136]Figure 2. Relationship between sub-headers and MAC payload elements
In most cases, the MAC control elements and MAC data elements in one MAC PDU belong to the same UE.
But for some common control messages, the MAC control elements in one MAC PDU can belong to different UEs, e.g. Random Access Response, Paging etc.
The above general structure of MAC PDU fits for both of Gb-based and S1-based architecture.
 MAC design for control messages
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, e.g. random access related messages etc. The structure of the control sub-header is the same for S1-based and Gb-based architecture. The major fields of a control sub-header are shown in Table 1. 
Table 1. Fields in MAC control sub-header
	Field
	Length (bits)
	Description

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

	Type
	4
	The type fields indicate the type of control message in the corresponding control element.


Normally the control messages in MAC layer will not be segmented as they are not that long, so that one control message will only occupy one control element in one MAC PDU.
Control element structure
Uplink and downlink control elements are defined as payload to carry different control messages. For example, uplink control elements include Random Access Request [2], Downlink Feedback, etc., and downlink control elements include Random Access Response [2], etc. Different core network architectures may need different control elements (e.g. the control element “Selected PLMN Index” is only used for Gb-based architecture), which can be indicated by the type field in the control sub-header. The details of the control element structures are for further study.
MAC design for data transmission
MAC design for data transmission is the same for both of S1-based and Gb-based architecture.
2.3.1 Data sub-header structure
A Data sub-header in the MAC header indicates that there is a corresponding MAC data element in MAC payload. The major fields of a data sub-header are shown in Table 2.
Table 2. Fields in MAC data sub-header
	Field
	Length (bits)
	Description

	E
	1
	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
	1
	Set to 0 to indicate the associated MAC payload element is a data element.

	Type
	4
	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.

	Segment Indicator
	FFS
	Indicating the segment information of an upper layer PDU.

	L
	7
	Indicating the length of the data element in bytes


2.3.2 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. The types of data element is to differentiate upper layer signalling and user data, which is helpful for prioritizing scheduling and selecting security mechanism provided to the upper layer. In Gb-based architecture, data element only contains the payload of data, and the type in data sub-header is set to a reserved value to adapt the format of data sub-header.
Proposal 1: It is proposed to adopt the structure of MAC PDU into the TR.
Segmentation and re-assembly
In legacy S1-based architecture, the maximum size of one PDCP PDU is 8000 octets, while in legacy Gb-based architecture, the maximum size of one LLC PDU is around 500 octets. 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 3.


Figure 3. Segmentation and re-assembly overview
3.1 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. A Segment Indicator is included in data sub-header for each MAC data element to identify the segments of an upper layer PDU.
3.2 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 Indicator field. 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 [3].
Proposal 2: It is proposed to adopt segmentation and re-assembly function into the TR.
4 Impact on upper layer
4.1 S1-based architecture
When the bit rate of application is higher than that in radio interface, several PDCP PDUs will be buffered in the originator. In legacy S1-based architecture, PDCP layer has no acknowledgment mechanism, and has a discard-timer which controls the life time for each PDCP PDU [4]. When the discard-timer expires, the corresponding PDCP PDU is discarded. The value of this timer is set by RRC layer as follows [5]:
discardTimer						ENUMERATED {
											ms50, ms100, ms150, ms300, ms500,
											ms750, ms1500, infinity}
In order to match the bit rate in radio interface of NB M2M solution, the enumerated values of this timer in RRC layer need to be modified and it is proposed to use the number of DCI interval as follows:
discardTimer						ENUMERATED {1, 2, 4, 8, 16, 32, 64, infinity}
The configuration of this timer is done in RRC layer but the PDCP layer handles this timer, therefore it needs to be clarified in the PDCP specifications. 
Proposal 3: RRC and PDCP specifications need to be updated with the new definition of the timer.
4.2 Gb-based architecture
In legacy Gb-based architecture, LLC layer has two modes: acknowledged and unacknowledged [6]. In real implementation LLC unacknowledged mode is used. 
In unacknowledged mode, LLC layer doesn’t have a lifetime timer for the LLC data availability, therefore nothing needs to be changed. 
In acknowledged mode, the retransmission timer (T200) and retransmission counter (N200) are used on every LLC link which is normally established after UE’s successful registration. The UE and SGSN can negotiate the values of these parameters by LLC primitives. In TS 44.064, T200 can be set to maximum 409.5s, and N200 can be set to maximum 15, which are long enough for NB M2M solution.
Proposal4: In Gb-based architecture, nothing needs to be changed in the specifications to match upper layers.
5 Conclusion
This paper introduces the structure of MAC PDU and segmentation/reassembly mechanism and proposes to agree Proposal 1 and 2 into the TR. This paper also preliminarily analyzes the impact on upper layer and proposes to agree Proposal 3 and 4 as working assumptions for future work.
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