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1.
Introduction

At RAN#71 a study on New Radio (NR) access technology was approved [1] with discussions in RAN WG’s kicking off the last meeting cycle. The study items lists ‘Radio interface protocol architecture and procedures’ as one of the high priority items. Accordingly, there has been some discussion on the topic of RRC states in RAN2. In this contribution, we focus on IDLE Mode and motivate the need for two sub-modes within IDLE, namely NR Reachable IDLE Mode and Power Saving Mode (PSM).
In the next section, we discuss some design principles for NR Reachable IDLE Mode. This mode would be similar to legacy LTE IDLE Mode. Here, we also motivate the need for Power Saving Mode which is described in Section 3. We summarize our ideas in Section 4. 

2.
NR Reachable IDLE Mode
In LTE IDLE Mode there is no UE context maintained in the RAN. When the UE needs to transfer data/signaling, it initiates an RRC connection to establish state in the RAN. For mobile-terminated (MT) data/signaling, the network pages the UE, which then proceeds to initiate an RRC connection. We believe similar principles should be followed in NR to allow the NR system to be flexible enough to support a large variety of service requirements across all the expected verticals.
Principle 1: NR includes an NR Reachable IDLE Mode for which no UE context is maintained in the NR RAN.

Traditionally, UE reselection based procedures have been used for mobility in IDLE Mode. Indeed, this is the case for both UMTS and LTE. Since there is no context in the RAN, a UE can move to a new cell without requiring network to have explicit knowledge of the same, so a reselection based approach works well. Of course, if the UE moves into a new Tracking Area (TA) it may trigger some Non-Access Stratum (NAS) procedures similar to LTE.
Principle 2: For NR Reachable IDLE Mode, UE reselection based procedures are used for mobility

Since a UE in IDLE mode is not actively exchanging data, it should be allowed to turn off its radio thereby enabling power savings. This can be achieved by introducing discontinuous reception (DRX) operation where the UE only wakes up periodically to monitor the downlink. The UE should also not be required to transmit anything on the Uplink unless it has some data or signaling awaiting.
Principle 3: For NR Reachable IDLE Mode, introduce DRX operation where the UE only wakes up periodically to monitor the downlink
Principle 4: For NR Reachable IDLE Mode, UE is not required to send any signals on the Uplink unless it has data/signaling to transmit

With the advent of Internet of Everything (IoE) and Machine-to-machine (M2M) communications, new use cases and services are being provided over cellular networks. Many such services have characteristics which are not shared by traditional mobile broadband applications. For example, many M2M use cases cater to services which require infrequent data exchange and are delay-tolerant. At the same time, they require extended battery life, e.g. for applications such as remote sensors which may not be readily physically accessible. The UE’s battery life in IDLE mode is to a large extent governed by the frequency of its periodic wake up to monitor the downlink. Thus, we have the following:-
Principle 5: NR IDLE Mode DRX design should support long sleep cycles for the UE

What constitutes ‘long’ is FFS and would presumably need further discussion. For now, it is important to agree that such functionality should be built in from the very beginning in NR instead of retrofitting it like LTE. 

The above design principles are well suited for applications that require reachability for MT data. However, many IoE services are also unique in that they are almost exclusively mobile originated (MO) or pull based applications. For such use cases, it is inefficient to require the device to wake up periodically to monitor the downlink. Indeed, for the same reasons, Power Saving Mode has been introduced in LTE and UMTS. We believe NR should also cater to such use cases and include PSM as an RRC mode/state, which we describe in the next section.
3.
NR Power Saving Mode

As mentioned in the previous, the need for Power Saving Mode is motivated by the unique characteristics of some M2M services which required only MO or pull based access support. Then, the device does not need to perform any access stratum (AS) or NAS procedures in the absence of MO/pull data since the network is not trying to reach the device for MT-data. In particular, cell selection/re-selection and page monitoring is not needed. The only exception may be the need for periodic registration to keep the network informed that the device is still alive. It is also obvious, that the network does not need to maintain any UE context in the RAN.
Principle 6: NR includes an NR PSM for which no UE context is maintained in the NR RAN.

Principle 7: For NR PSM, the device does not perform any AS or NAS procedures except potentially periodic registration

Since the device is nominally not performing mobility management measurements and procedures in the absence of data, it would first need to find a good enough cell to perform the transaction when data/signaling does arrive in its buffer. 
Principle 8: For NR PSM, upon MO data/signaling event, the UE would find a suitable cell and perform data/signaling exchange with the network

Only once MO data/signaling exchange is initiated, would the network have the opportunity to transmit DL data/signaling (if any) to the device. Thus, the network should have the ability to control how long to keep the device connected/reachable and when it should transition back to PSM mode.
Principle 9: Network shall be able to control the UE’s transition to NR PSM

Similar to Principle 5, we should allow the device to sleep for long durations to maximize battery savings.
Principle 10: NR PSM design should support long sleep cycles for the UE

4.
Summary
In this contribution, we have discussed IDLE mode design in NR and motivated the need for two sub-states/modes: RRC Reachable IDLE Mode and Power Saving Mode.
For RRC Reachable IDLE Mode, we have presented the following design principles:-

Principle 1: NR includes NR Reachable IDLE Mode for which, no UE context is maintained in the NR RAN.

Principle 2: For NR Reachable IDLE Mode, UE reselection based procedures are used for mobility

Principle 3: For NR Reachable IDLE Mode, introduce DRX operation where the UE only wakes up periodically to monitor the downlink

Principle 4: For NR Reachable IDLE Mode, UE is not required to send any signals on the Uplink unless it has data/signaling to transmit

Principle 5: NR IDLE Mode DRX design should support long sleep cycles for the UE

For PSM, we have the following:-
Principle 6: NR includes NR PSM for which, no UE context is maintained in the NR RAN.

Principle 7: For NR PSM, the device does not perform any AS or NAS procedures except potentially periodic registration

Principle 8: For NR PSM, upon MO data/signaling event, the UE would find a suitable cell and perform data/signaling exchange with the network

Principle 9: Network shall be able to control the UE’s transition to NR PSM

Principle 10: NR PSM design should support long sleep cycles for the UE

Accordingly, we have a text proposal to capture the above principles in Annex A. It is proposed to agree to the same for inclusion in the NR Technical Report.
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A.
Annex

--- begin text proposal ------

5.4.x
RRC protocol states & state transitions

RRC uses the following states:

-
RRC_IDLE: RRC_IDLE consist of two sub-modes
-
RRC_REACHABLE_IDLE

-
No RRC context for the UE is stored in the NR RAN;

-
UE reselection based procedures are used for mobility;
-
DRX operation is used where UE only wakes up periodically to monitor DL;

-
UE does not send any uplink signals unless there is data/signalling pending;

-
Long sleep cycles are supported
-
Power Saving Mode (PSM)
--
No RRC context for the UE is stored in the NR RAN;

-
UE does not perform any AS or NAS procedures except potentially periodic registration;
-
Upon MO data/signalling event, UE selects a suitable cell and performs data/signalling exchange with the network;

-
Network controls the UE’s transition to PSM;

-
Long sleep cycles are supported
-
…
--- end text proposal ------

