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[bookmark: _Ref298777854]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 inactive state). For such traffic it is important to both optimise the inactive state between the data bursts as well as the transition to active state. 
The signalling related to inactive devices should be minimised  by having relaxed requirements on mobility tracking in inactive state, while the state transition can be optimised by keeping and re-using the device context when the device returns. At the same time it is also important to minimise the UE battery consumption both in active and inactive state.
This contribution proposes a number of assumptions related to handling of inactive UEs in New 5G Radio (NR). It is proposes to capture these assumptions in TR38.801.
Background EPS
In current EPS networks 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 states.
[image: ]
[bookmark: _Ref434560319]Figure 1: Legacy connection setup and release
Figure 1 illustrates the 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 data, i.e. procedures applicable at UE idle/connected state transition. As it can be seen there is a significant signalling overhead on the Uu (radio) and S1 interfaces for small data transactions. 
In order to reduce the signalling overhead and the associated processing load in the network SA2 and RAN WGs have 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 adopted solution is based on enhancements to the IDLE state to make it possible to resume the RRC connection avoiding the need to set 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. 



[bookmark: _Ref434567367]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 optimises the transitions from idle to active state, it still includes some signalling in the CN since the CN still needs to be informed e.g. when the UE’s RRC connection is suspended so that the CN 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 further reduces the CN signalling, this also in order to meet TR 38.913 requirements (see [1]) on a control plane latency of 10 ms. 
One way to reduce the CN signalling in Next Generation Systems would be to allow the RAN to configure a UE that is neither receiving nor transmitting data to be in an ‘inactive 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 ‘inactive state’ configuration, page initiation, and context fetching is introduced in the RAN. In this case there is no need to tear down the RAN/CN interface connection for the UE/CN signalling interface when the UE enters ‘inactive state’ or set up the RAN/CN interface and consequently the UE/CN signalling interface connection when the UE returns to ‘active state’ (step 7/10 in Figure 2). 
In case of a RAN controlled ‘inactive state’ it is expected that the RAN could, in order to optimise the performance and minimise the signalling, configure the UE’s ‘inactive 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 optimise the RAN context management for UEs in ‘inactive state’, e.g. by proactively storing the RAN context in multiple nodes for mobile UEs to optimise the state transition to ‘active state’.
The introduction of RAN controlled “inactive state” where the CN/RAN connection is maintained should be explored in the Next Generation Systems and New Radio (NR) work.
In order to support a RAN controlled inactive 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 resource costs. 
UEs in RAN controlled inactive state should incur minimum signalling and resource costs in the RAN/CN making it possible to maximise the number of UEs utilising (and benefiting from) this state.
A further consequence of this proposal to reduce the signalling and resource cost of keeping UEs in a RAN controlled inactive state is that inactive UEs should be allowed to perform local mobility (e.g. cell reselection) without needing to inform the network. This is different from the current LTE RRC connected state where mobility is handled only using the handover procedure. The criteria for the mobility decisions in the inactive UE could still be controlled by the network.
UEs in the RAN controlled “inactive state” perform mobility within an area without notifying the network.
A further consequence of this proposal is that the RAN needs to have mechanisms to perform local RAN paging when DL data arrives over the CN/RAN interface. 
Paging for UEs in the RAN controlled “inactive state” is triggered by the RAN.

Relation to tight integration of LTE and New Radio (NR)
As it has been clarified in [1] and the New Radio SID ([2]) there is a requirement to support tight integration of LTE and New Radio (NR). This requirement has an impact on the state machine and handling of inactive UEs. For instance it is expected that active UEs can be connected both to LTE and NR, using similar solutions as for dual connectivity. At the same time there will be cases when the UE is only connected to one RAT. For the end user and system performance it is highly beneficial if the transition between these two cases of single and dual RAT connectivity is very efficient. It is therefore also beneficial if the transition can be transparent for the CN when desired.
It should be possible in some scenarios to move between LTE and NR in both inactive and active state (incl. dual connectivity) without notifying the core network.
Similarly it is very beneficial if the transition for inactive UEs between LTE and NR does not always need to generate signalling between the UE and the network, since these types of transitions can, depending on the radio propagation, occur quite frequently.
There should be mechanisms defined that make it possible to minimise and in some cases avoid UE-network signalling for UEs in “inactive state” that move between LTE and NR radio access.
In addition to these two cases above it is also deemed beneficial if a UE which is active in one RAT is not required to monitor paging or perform mobility related signalling in the other RAT, which would have a negative impact on battery consumption and possibly performance. Instead these functions should be provided by the RAT the UE is connected to. 
A UE connected and active in one RAT, either LTE or NR, should be configurable not to monitor paging or perform mobility updating to the other RAT.
Similarly, UEs in inactive state should only be required to camp in a single RAT at the time, i.e. not have to monitor paging in both RATs.
Inactive UEs should only be required to camp in one RAT at the time.

Conclusions
In this paper a description of a new function to handle UEs in Inactive State has been presented. This new function is meant to address requirements on signalling reduction, battery consumption and scalability that are in place for the 5G architecture.
It is proposed to adopt the following text for inclusion in TR38.801.

[bookmark: _Toc399511925][bookmark: _Toc324232210][bookmark: _Toc326248701][bookmark: _Toc399743733][bookmark: _Toc248905717]* * * Start of changes * * * *
1. [bookmark: _Toc442563435][bookmark: _Toc442884046][bookmark: _Toc442892830]Mobility related assumptions for New Radio
The following assumptions are made related to UE state handling and RAN procedures for the New RAT:
· The introduction of a RAN controlled inactive state where the CN/RAN connection is kept should be explored in the Next Generation Systems and New Radio (NR) work.
· UEs in RAN controlled inactive state should incur minimum signalling and resource costs in the RAN/CN making it possible to maximise the number of UEs utilising (and benefiting from) this state.
· UEs in the RAN controlled ‘inactive state’ can perform mobility within a given RAN area without notifying the network.
· Paging for UEs in the RAN controlled ‘inactive state’ shall be triggered by the RAN 

· * * * End of changes * * * *
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