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NB-CIoT – MS Operating Modes
1
Background
At GERAN#62, a new SI [1] was approved to study cellular support for ultra-low complexity and low throughput IoT. 

This submission provides the MS operating modes for the Narrowband Cellular IoT candidate solution (NB-CIoT), formed from the convergence of the NB M2M and NB-OFDMA candidate solutions [2]. 
The MS operating modes design for NB-CIoT is derived from the NB M2M and NB-OFDM candidate solutions described in TR 45.820 [3]. Some adaptations are necessary to align with the converged physical layer and MAC layer designs, and due to the new frame structure, see [4] and [5]. 

2
MS Operating Modes
2.1
Overview
A NB-CIoT MS operates in one of three modes:

-
Connected Mode
-
Idle Mode 

-
Power Saving Mode

In Connected Mode, the MS is receiving PDCCH messages and transferring MAC PDUs with NAS signalling and higher layer data PDUs over the air interface. 

The MS can be configured to transition to either Idle Mode or Power Saving Mode from Connected Mode when activity has not taken place for some time, using a Connected Mode Release Timer.  The Connected Mode Release Timer value is either the same as the READY timer in the Gb architecture, or is broadcast in the system information, or is the default value in the S1 architecture. The choice of Idle Mode or Power Saving Mode is determined by whether Active Timer has been set and its value.
In Idle Mode, the MS can be reached from the network and the base station can trigger the MS to move back to Connected Mode. The MS may also transition from Idle Mode to Power Saving Mode if the Active Timer is running and expires.  In Idle Mode, the MS wakes to receive paging messages from the base station at Paging Occasions. If the MS is paged then it performs a random access procedure, see [6], and enters Connected Mode. 
In Power Saving Mode, the MS is unreachable from the network.  The network has to wait for the MS to wake and contact the base station using random access with random number procedure and enter Connected Mode.
An overview of the three modes and the transitions between modes is shown in Figure 1.
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Figure 1 MS Operating Modes
If the MS is in Idle Mode or Power Saving Mode and has uplink traffic then the MS will either:

-
Initiate a random access procedure to enter Connected Mode, and then transmit the uplink traffic; or

-
If the uplink traffic is latency tolerant then it may wait until more uplink traffic is available, or wait until it has to respond to paging or it needs to perform another procedure, for example RAU/TAU, before transmitting the uplink traffic.
In all the modes, the MS can use random access to connect to the base station and request resource. If the MS has a C-RNTI then the MS can use the random access with C-RNTI procedure, otherwise it will use the random access with random number procedure.

While the MS is in Idle Mode or Power Saving Mode, the MS will use deep sleep and will configure itself to wake-up to receive paging or perform another procedure, for example RAU/TAU. During deep sleep it is expected that only a sleep clock is running. When the MS is in Connected Mode and is not transmitting or receiving, it may use light sleep to reduce power consumption.
3
Summary

This document describes the MS operating modes used by NB-CIoT.
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