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1 Introduction 
This contribution provides an approximate analysis of the signaling and protocol overhead associated with transmitting short bursts of data for intermittent and delay tolerant traffic. In particular, it assumes that most devices present in the network will be in the idle state, due to a variety of reasons such as a) limited address space for supporting a large number of simultaneously active connections (potentially 10-35K devices may connect to the network [1]) b) overhead associated with maintenance signaling for active connections and c) reducing device power consumption etc. 

M2M devices in the idle state may therefore need to connect to the network on a frequent basis to send a very small amount of data. In this contribution we analyze the signaling and protocol overhead associated with establishing the minimum network connectivity for sending short bursts of data over the network.  Based on the observed overhead we suggest that additional functional requirements may be added to the IEEE 802.16p SRD to address efficient connection establishment/re-establishment for large number of M2M devices. 
Protocol Overhead 

A rough estimate of the protocol overhead associated with sending a typical data packet for an “on-demand” smart meter report ([2]) is shown in Table 1. Note that the PHY and MAP overhead associated with sending a data packet is not included. We also assume the use of Advanced Generic MAC header (AGMH) with no extended headers.  A 62% protocol overhead is shown. 
	Layer 
	Number of Bytes (overhead)

	On demand meter report [2]
	100

	TCP 
	20 

	IP (v6) 
	40

	MAC (AGMH)
	2

	Total protocol overhead 
	62

	Percentage protocol overhead 
	62/100 = 62%


Table 1: Typical protocol overhead associated with sending a data packet.

Signaling Overhead 
The typical sequence to establish (re-establish) network connectivity for a device in idle state is shown by the following AMS initiated protocol flow, shown in Figure 1. 
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Figure 1: AMS Initiated Connection Establishment from the Idle State

As can be seen, several signaling steps are required to establish the required connectivity to send data. We note that the current 802.16m standard [3] does allows for reducing the signaling overhead with the use of the “short message service” option, in which a small amount data (up to 140 bytes) may be send through the AAI_RNG-REQ message, thereby precluding the need for explicit connection establishment. We estimate the typical signaling overhead associated with sending a data packet for this simplified scenario in Table 1. Note that only the signaling overhead is considered and the additional MAP overhead in allocating transmission bandwidth, overhead associated with resources consumed for random access, PHY layer overhead etc. are not included in the calculations. A flawless ranging operation without the need for re-transmissions is also assumed. The numbers rely on several assumptions about the exact optional parameter included in each message and are intended for guidance (more accurate assessment is required). They also assume a TLV encoding of each parameter with 1 byte indicating the type. MAC header overhead of 2 bytes is also assumed. 
	Message 
	Number of Bytes 

	AAI_RNG-ACK
	5+ 7+2   = 14 

	AAI_RNG-REQ
	42 + 14+2 = 58

	AAI_RNG-RSP
	12 +3 +2  =17

	AAI_DREG-REQ
	2+ 4 + 2  = 8

	AAI_DREG-RSP
	12 +6 +2 = 20

	Signaling overhead assuming 140 bytes of transmitted payload
	117/140= 83.5% 

	Signaling + protocol overhead (62% overhead) 
	117/53 = 220%


Table 2: Approximate signaling overhead calculation assuming the use of short message service for data transmission. 
We can observe that even in this simplified case, substantial transmission overhead may be incurred in the system, which will become increasingly significant as a large number of devices attempt to send data.
Requirements for the IEEE 802.16p System Requirements Document 
The analysis shown in the previous sections indicate the need for a significant reduction in signaling and protocol overhead incurred by M2M devices attempting to send short bursts of data while being forced to reside in the idle state. We suggest that the following functional requirements be added in 802.16p SRD to address this optimization:
· The IEEE 802.16p system shall reduce the signaling overhead required for devices to establish network connectivity.
· The IEEE 802.16p system shall optimize procedures to support transient but frequent network connections for large number of M2M devices.
2 Text Proposal 
Add additional functional requirements after requirement 6.2.3 of [5] as shown.
---------------------------Begin Text Proposal-------------------------------
6.2.3 The 802.16p system shall support network access from large numbers of M2M devices, without incurring excessive control and data transport overhead.
· The IEEE 802.16p system shall reduce the signaling overhead required for devices to establish network connectivity.

· The IEEE 802.16p system shall optimize procedures to support transient but frequent network connection requests from a large number of M2M devices.
--------------------------------End Text Proposal-----------------------

Modify functional requirement 6.3.1 as follows: 
--------------------------------Begin Text Proposal-----------------------

6.3.1 The 802.16p system shall support efficient transmission of small burst sizes. The 802.16p system shall minimize protocol and signaling overhead to support small burst transmission.
--------------------------------End Text Proposal-----------------------
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