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NB M2M Gb/S1 UE Operating Modes
Introduction
At GERAN#62 a new SI was agreed to study Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things. This document describes the operating modes of a UE which enable power saving used by the MAC layer of the “clean-slate” proposal.  It considers both an existing Gb/S1 architecture and a UE using an optimized S1 architecture, see [1]. 
This is an updated version of the contribution [3] presented at CIoT Adhoc#1, Sophia Antipolis, France, 2nd-5th February with changes highlighted in red. The optimized S1 aspects have been removed and additional detail about Connected Mode-Active sub-modes has been added.
A NB M2M UE operates in one of three modes, an active mode or 2 different sleep modes:
· Connected Mode -  Active
· Sleep Modes:
· Idle Mode-Paging DRX (Gb/S1) or Connected Mode–DRX (S1 Optimized)
· Idle Mode-PSM (Gb/S1) or Connected Mode-PSM (S1 Optimized)
In Connected Mode – Active the UE is receiving DCIs and allocations and MAC CEs, NAS Signaling and data is being transferred over the air interface.  The UE operates either in All DCI Reception (ADR) or Reduced DCI Reception (RDR) sub mode of Connected Mode – Active.
The UE can be configured to transition to either Idle Mode-Paging/Connected Mode-DRX or Idle Mode-PSM/Connected Mode-PSM from Connected Mode-Active.  The choice of mode is determined by whether Active Timer has been set and its value.
In the Idle Mode-Paging/Connected Mode-DRX the UE can be reached from the network and the BS can trigger the UE to move back to Connected Mode - Active. The UE may also transition from Idle Mode-Paging to Idle Mode-PSM if the Active Timer is running and expires.
In Idle Mode-PSM/Connected Mode-PSM the UE is unreachable from the network.  The network must wait for the UE to wake and contact the base station.
In all the modes the UE can perform RACH to connect and request resource.  The exact RACH procedure to connect and request resource depends upon which mode it is in. 
An overview of the three modes and their transitions a Gb/S1 device can operate in is shown in Figure 1 and for an optimized S1 architecture device in Figure 2.
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In NB M2M, UEs in Connected Mode-Active are addressed by the BS though their CRNTI. When a UE is in Idle Mode-Paging can only be addressed via paging procedure and when a UE is in Idle Mode-PSM it cannot be addressed.
Connected Mode – Active
While the UE is in Connected Mode – Active it monitors DCIs for allocations and uses those allocations for transferring data, signaling and MAC control information over the air interface. 
The UE will move from Connected Mode–Active into one of the Sleep Modes, depending upon configuration.  The trigger for moving from Connected Mode-Active to Sleep Modes is FFS, but could be a timer or a MAC CE message.
Connected Mode-Active has 2 sub-modes:
· All DCI Reception (ADR)
· Reduced DCI Reception (RDR)
When the UE enters Connected Mode-Active it uses ADR.  Once data transfer and signaling is complete the UE enters RDR. In RDR the UE receives a subset of the DCIs transmitted by the BS. RDR allows the UE to be addressed by the BS, while saving power on the UE, should there be additional data transfer, for example application acknowledgements to uplink messages.
The relationship between Connected Mode-Active, sleep modes and the sub-modes of Connected Mode-Active is shown in Figure 2.
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The definition of the DCIs a UE receives in a RDR and the transition from ADR to RDR in the MAC is FFS and is expected to have no impact on the NAS layers.
While the UE is in Connected Mode-Active if new uplink data is to be sent and the BS is not providing scheduled resources for the UE, for example because the base station has provided all the resources indicated by the last BSR report from the UE, then the UE may use the RACH with CRNTI procedure to request resource.
Idle Mode-Paging
When the UE enters Idle Mode-Paging from Connected Mode-Active it loses its assigned CRNTI, therefore it cannot use the RACH with CRNTI procedure or be directly addressed by the base station in a DCI.
The UE wakes to receive paging messages from the BS at Paging Occasions. If the UE is paged then it performs the RACH with Random Number procedure, obtains a new CRNTI value and enters Connected Mode-Active mode.
If UE has uplink traffic then the UE will either:
· Initiate a RACH with Random Number procedure, enter Connected Mode-Active 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, before transmitting it.
For more details about Idle Mode-Paging and how it is configured see [2].
Idle Mode-PSM
When the UE enters Idle Mode-PSM from Connected Mode-Active it loses its assigned CRNTI, therefore it cannot use the RACH with CRNTI procedure or be directly addressed by the base station in a DCI.
The UE wakes while in Idle Mode-PSM to perform RACH with Random Number and enters Connected Mode-Active.  While in Connected Mode-Active any signaling and data transfer can be performed.  The UE may wake to enter Connected Mode-Active, for example, to perform RAU/TAU procedures.
If UE has uplink traffic then the UE will either:
· Initiate a RACH with Random Number procedure, enter Connected Mode-Active 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 needs to perform another procedure, for example RAU/TAU, before transmitting it. 
Connected Mode-DRX
When the UE enters Connected Mode-DRX from Connected Mode-Active it keeps the C-RNTI value assigned to it.
The UE wakes while in Connected Mode-DRX and monitors DCIs for allocations.  If the UE is addressed while in Connected Mode-DRX it enters Connected Mode-Active.
If UE has uplink traffic then the UE will either:
· Initiate a RACH with CRNTI procedure, enter Connected Mode-Active 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 is addressed, before transmitting it.
For more details about Connected Mode-DRX and how it is configured see [1].
Connected Mode-PSM
When the UE enters Connected Mode-PSM from Connected Mode-Active it keeps the C-RNTI value assigned to it.
The UE wakes while in Connected Mode-PSM to perform RACH with CRNTI and enter Connected Mode-Active. While in Connected Mode-Active any signaling and data transfer can be performed.  The UE may wake to enter Connected Mode-Active, for example, to perform keep alive procedures.
If UE has uplink traffic then the UE will either:
· Initiate a RACH with CRNTI procedure, enter Connected Mode-Active 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 other procedures are required, for example keep alive, before transmitting it.
For more details about Connected Mode-PSM and how it is configured see [1].
Summary
This contribution introduces the modes and sub-modes a NB M2M UE operates in and how it transitions between the modes.
It is proposed to agree on these operating modes for a NB M2M Clean Slate UE.
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