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Abstract of the contribution: This contribution proposes a solution for optimized UE sleep state
Introduction

Next generation systems are expected to support a wide range of use cases with varying requirements ranging from fully mobile devices to stationary IOT or fixed wireless broadband devices. The traffic pattern associated with many use cases is expected to consist of short or long bursts of data traffic with varying length of waiting period in between (here called sleep state). For such traffic it is important to both optimize the sleep state between the data bursts as well as the state transition to active state. The signalling related to sleeping devices should be minimized in the network by having relaxed requirements on mobility tracking in sleep state, while the state transition can be optimized by keeping and re-using the device context when the device returns. At the same time it is also important to minimize the UE battery consumption both in active and sleeping state.
At the previous meeting requirements were added related to handling of UE sleep state was added in S2- 160872. This contribution further elaborates of the handling of sleeping UEs in NextGen system by proposing a high level solution.

Background EPS

In current EPS network the main contributors to the signalling overhead and load are procedures used for UE state transition, i.e. at transition between the Idle and the Connected state.
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Figure 1: Legacy connection setup and release
Figure 1 illustrates current S1/EPS architecture based procedures required to establish and tear down a connection in order for the UE to be able to transfer/receive user plane, i.e. procedures applicable at UE Idle/Connected state transition. As can be seen there is a significant signalling overhead on the radio/Uu, S1AP interface. 

In order to reduce the signalling overhead and the associated processing load in the network SA2#111 has concluded that a solution will be introduced in Rel-13 that allows an RRC Connection to be suspended and at a later time resumed; minimising the need to go through the full signalling procedure for IDLE to CONNECTED state transition. The solution is applicable both to normal LTE UEs and IOT UEs.

The solution adopted is based on enhancements to the IDLE state to make it possible to resume the RRC connection avoiding the need to setup it up again when the UE returns from IDLE, assuming that most of the times the UE returns in a node which has the stored RRC context. The procedure is illustrated in Figure 2. 
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Figure 2: Resumption of a previously suspended RRC connection

Motivation for further evolution in 5G time frame

Although the solutions adopted for Rel-13 significantly optimizes the transitions from IDLE to ACTIVE states it does not reduce the signalling in the CN since the CN still needs to be informed e.g. when the UE goes to IDLE so that it can perform paging. Given that this state transition signalling is dominating current CN signalling it could be beneficial to explore further improvements in the 5G timeframe which also reduces the CN signalling. 

One way to reduce the CN signalling in Next Generation System would be to allow the RAN to configure the UE that is neither receiving nor transmitting data to be in a ‘sleep state’ with support for local UE mobility without notifying the CN. This can be seen as an evolution of the Rel-13 solution with the addition that the UE ‘sleep state’ configuration, page initiation, and context fetching is introduce in the RAN. In this case there is no need to tear down that RAN/CN interface connection for the UE/CN signalling interface when the UE enters ‘sleep state’ or setup the RAN/CN interface and consequently the UE/CN signalling interface connection when the UE enters ‘active state’ (step 7/10 in Figure 2). 

In case of a RAN controlled ‘sleep state’ it is expected that the RAN could, in order to optimize the performance and minimize the signalling, configure the UE ‘sleep state’ behaviour depending on past UE mobility (stationary/non-stationary), traffic history, as well as subscription or service information provided by the CN. It would also, based on similar criteria, be possible to optimize the RAN context management for UEs in ‘sleep state’ e.g. by proactively storing the RAN context in multiple nodes for mobile UEs to optimize the state transition to ‘active state’.

Proposal: The introduction of RAN controlled sleep state should be explored in the Next Generation Systems work.
In order to support a RAN controlled sleep state for the majority of the UEs it is important that the solution is designed in such a way that a large number of UEs can be kept in this state with minimum signalling and RAN resources costs. 

Proposal: UEs in RAN controlled sleep state should incur minimum signalling and resource costs in the RAN/CN making it possible to maximize the number of UEs utilizing (and benefiting) from this state.
Conclusions
It is proposed to add these requirements to the NextGen TR either in the general requirement section or in a separate key issue.
* * * Start of changes * * * *

6
Solutions
Editor's Note: This section describes the solutions to the key issues and solutions to architecture design. 
6.x
Solution x  - Optimized UE sleep state and state transitions
This solution applies to Key Issue 3 – Mobility Framework. The solution introduces a solution for optimizing the UE sleep state and state transition. The following assumptions area made guiding further work on the solution:
· The introduction of RAN controlled sleep state should be explored in the Next Generation Systems work.
· The solution could work in similar way as the RRC Suspend/Resume feature introduced in Rel-13 with the addition of additional RAN functions to handle paging initiation and context fetching, making it possible to keep the CN/RAN interface connections for UEs in this state, minimizing CN/RAN signalling.
· The UEs in RAN controlled sleep state solution should incur minimum signalling and resource costs in the RAN/CN making it possible to maximize the number of UEs utilizing (and benefiting) from this state.
Editor’s Note: A detailed solution description in-line with the above is FFS.
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