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NB-CIoT - MAC PDU Structure and Segmentation/ Re-assembly
1 Introduction
At GERAN#62, a new SI [1] was approved to study cellular support for ultra-low complexity and low throughput IoT. This paper describes the MAC PDU structure and segmentation/re-assembly function for Narrowband Cellular IoT solution (NB-CIoT), formed from the convergence of the NB-M2M and NB-OFDMA candidate solutions [2]. Some adaptations are necessary to align with the converged physical layer and MAC layer designs, and due to the new frame structure, see [3] and [4].
2 MAC PDU structure
Generally, a MAC PDU payload consists of a MAC header and a MAC payload. The length of a MAC PDU is variable and the maximum size depends on the code block size in physical layer. Padding and a CRC are appended to the MAC PDU.
A typical uplink MAC header includes TLLI/S-TMSI, BSR, sequence number, length indicators (to indicate higher layer boundary information), last data block indicator, MAC control or upper layer data indicator etc. TLLI/S-TMSI is only needed in the first uplink data block, and any subsequent retransmissions until contention is resolved, according to the random access procedure design [5]. When MS has more uplink data to transmit, BSR can be added to indicate the data buffer size. If TLLI/S-TMSI and BSR are included, the total number of octets of the MAC header is about 6~7 octets, else it is about 2 octets (may be larger if there is more than one higher layer PDUs). 
There is no need to carry TLLI/S-TMSI and BSR in the downlink MAC PDU, since network can schedule downlink by itself. A typical downlink MAC PDU header includes sequence number, length indicators, last data block indicator etc. The total number of octets of a downlink MAC PDU header is about 2 octets (may be larger if there is more than one higher layer PDUs).
Optionally, the NB-CIoT solution allows multiplexing of MAC signalling and data in one MAC PDU.
3 Segmentation and re-assembly
In legacy S1-based architecture, the maximum size of one PDCP PDU is 8000 octets (taking traffic mode into account, the maximum application payload size is 2000 bytes thus the maximum size of one PDCP PDU is about 2065 octets), while in legacy Gb-based architecture, the maximum size of one LLC PDU is around 1500 octets. Normally the maximum size of a MAC PDU 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 1.

[image: image1.emf]MAC header

MAC PDU

... ...

n n+1 n+2 n+3 Upper layer PDU

MAC header


Figure 1. 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. Some segment information fields (e.g. sequence number, length indicator) are included in MAC header 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 information fields described in MAC header. The MAC headers shall be removed from each MAC PDU and the MAC payloads 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.
4 Summary
This paper describes MAC PDU general structure and segmentation/re-assembly function.
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