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1 Introduction
At GERAN #62 a study item was agreed to study different access stratum solutions to meet the needs for Cellular Internet of Things (CIoT) [1]. A radio access technology referred to as NB-M2M has been introduced as a candidate solution [2]. 
In this contribution, we discuss the pros and cons of the current random access design in NB M2M system, and provide the direction for possible enhancement. 
2 Discussions
In the NB M2M system, when the MS is not connected to the BS, the MS can initiate a random access procedure with random number. This procedure establishes a radio connection between the MS and the BS, and assigns a connection identifier C-RNTI to be used for data transfer between the MS and BS. An overview of the random access procedure with random number is shown in Fig. 1 [2].
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Fig. 1: Random access procedure with Random Number
In Step 2, the BS sends a DCI (with RA-RNTI indication) to schedule a downlink resource allocation for transmission of Random Access Response messages. The corresponding DCI payload elements are described in Table 1. There is a one-to-one mapping between the RA-RNTI value and the physical channel used for the RACH resource. Therefore, all MSs transmitting a Random Access Request message in the same physical channel will use the same RA-RNTI value. 
Table 1: DCI Packet Payload Elements

	Field
	Description

	DL Number
	The number of scheduled downlink users.

	DL Allocation[]
	List of DL Allocations. One for each scheduled transmission. Included in this field:

- RNTI (C-RNTI, P-RNTI or RA-RNTI)

- Channel ID

- MCS

- Start indicator

- Duration

- PDU identification


In Step 3, the BS sends the Radom Access Response message for one or more MSs, and it contains a list of Random Numbers from the Random Access Request messages transmitted by the MSs, and a C-RNTI value for each Random Number. A Start Indicator is also included to indicate the time information of the used RACH resources, as shown in the elements of Random Access Response described in Table 2.
Table 2: Random Access Response

	Field
	Description

	Type
	Set to 0 to indicate a Random Access Response message

	Random Number
	Random number

	C-RNTI
	Cell Radio Network Temporary Identity

	Start Indicator
	Start position of the RACH resource.


The MS receives the Random Access Response message in the allocation defined in the DCI, locates its Start Indicator of the RACH resource and its Random Number, and then stores the C-RNTI value associated with its Random Number. The C-RNTI values are used by the BS for scheduling uplink and downlink resources for the MSs.
2.1 Start Indicator in Random Access Response
It is noted that the description of ‘Start Indicator’ in Ransom Access Response message was changed in [3]. 

The Start Indicator indicates the time information of the used RACH resources.
In the authors’ opinion, further clarification is necessary on the exact meaning of ‘Start Indicator’ (time information of the used RACH resources). As described above, it may have the same meaning as the ‘Start Indictor’ used in the RACH configuration, i.e., the start position of the RACH configuration. Or, it may indicate the start position of the used RACH resource (more exactly, the used RACH Allocation Unit) in a certain RACH configuration. These two approaches may provide different effects of contention resolution. In addition, it is necessary to describe the meaning of ‘Start Indicator’ for RACH resources configured in system information and RACH resources configured in DCI, respectively.
2.2 Power Consumption Aspects
According to the current design, after an MS sends a Random Access Request to the BS, it will receive the subsequent DCI to find its corresponding response. Since the MS may not be immediately get responded in the next DCI (e.g., depending on the random access load), the MS keeps receiving DCI and Random Access Response messages in order to find the response for itself. In other words, no matter the MS is responded early or late, it has to decode all the Random Access Responses of others until to find its own one. In case that a random access collision happens, the MS still decodes all the Random Access Responses of others before a timer T_wait_RAR is reached. This gives extra overhead of unnecessary data processing and power consumption in the MS side. 

In summary, the current random access design is a simple and straightforward approach but may be not optimal from the perspective of power consumption. Since the improved power efficiency is one of the objectives in the CIoT study, it is suggested to investigate the possible approaches to reduce the unnecessary data processing (e.g., decoding Random Access Responses of others) and hence further reduce power consumption of the NB M2M devices. For example, the slot index in the time domain (0 to 7 in the current design) can be included in the RA-RNTI for further differencing the random access requests sent by different MSs. Alternatively, the DCI for allocation of Random Access Responses can be designed differently from the DCI for downlink data resource allocations. Additional information can be included in the DCI for allocation of Random Access Responses, to help MS filtering the unnecessary Random Access Responses. 
3 Conclusions
In this contribution, we discussed the design of random access procedure in the NB M2M system, and we have the following observations and proposal:
Observation 1: It is observed that further clarification is necessary on the meaning of ‘Start Indicator’ in the Random Access Response message. 

Observation 2: In the current random access procedure, it is observed that the MS always decodes all the Random Access Response messages allocated by the DCI with a right RA-RNTI indication, until to find its own Random Access Response message.
Proposal: It is suggested to investigate the possible approaches to enhance the random access procedure (e.g., reduce the overhead of decoding Random Access Response messages of others) and hence provide improvement in battery life of the NB M2M devices.
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