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Discussion and Decision
1
Introduction
This paper discusses the need for different UE states, and the related architectural implications. A simple state model with two main states is proposed, where the states are defined to reduce the need for state transitions. The mapping between AS and NAS is left FFS.
2
Discussion
2.1

General

In the WID [1] it is clearly stated that there shall be a single technical framework and that the use-cases of eMBB, mMTC, URLLC shall be addressed. Top level UE states are architectural in nature and it is then logical that we define one state model that covers all of the addressed use cases. 
Proposal 1: There shall a single UE state model on the top level, which covers all applicable use-cases, including eMBB, mMTC and URLLC. 
2.2

Requirements

38.913 specifies the following requirements that may be applicable: 

· Control Plane Latency from a power efficient state to a data transmission state 10ms
· User Plane Latency 0.5ms for URLLC

· User Plane Latency 4ms for eMBB. 

· Latency for infrequent small packets TBD.

· Mobility interruption time 0ms. 

· 15 years battery life with a sparse small packet traffic model which is TBD. 

· Mobility in the range from 0km/h to 500km/h. 

· The RAN system shall have the capability to minimize the backhaul and signalling load
Observation: It is not possible (nor intended) to fullfill all requirements at the same time
Similar to previous 3GPP systems, we assume that different technical solutions may be applied to fullfill different requirements and it may simplify the work to have a state model where some requirements and their technical solutions only apply to particular state(s). 
Proposal 2: Similar to previous 3GPP systems, the UE state model is intended to be a means to structure specifications, architecture and simplify development work, by associating requirements and solutions to UE states.

With the above in mind, that UE states will be used to create top level structure in our work, we need to be careful not to create too many states nor states with great overlap, as there is a risk then that we lose the structural view and simplicity of independent states. We note that UEs in a particular state could of course be configured differently for its particular purpose. Each purpose does not need a state.
Proposal 3: We apply the mindset to not introduce more states than necessary. 
At a first glance of requirements, it seems that at least two states could be suitable: 

·   A high performance state, that supports fast transport of large data volumes, for which the following requirements are applicable:

· User Plane Latency Requirements for URLLC and eMBB. 

· 0ms mobility interruption time

· 0-500 km/h 
·   A low performance state, for low power consumption, for which the following requirements are applicable

· Latency for infrequent small packets TBD

· 15 years battery life

· 0-500 km/h

Proposal 4: There are two UE states, a high performance state and a low performance state
Proposal 5: The high performance state supports fast transport of large data volumes and addresses low user plane latency requirements and 0ms mobility interruption time
Proposal 6: The low performance state targets low power consumption, supports infrequent small data transmission, and addresses the latency for infrequent small packets requirement and the long battery life requirement.  
2.3

The Low Performance State
Infrequent small data is expected to be a main case for mMTC, e.g. when sensors make reports, and regularly occurs also for eMBB, e.g. for devices with background traffic. In this study we propose to treat all cases of infrequent small data the same. 

Proposal 7: Assumption: “Infrequent small data” is a main case for mMTC, e.g. when sensors make reports, and regularly occurs also for eMBB, e.g. for devices with background traffic.
For LTE, the basic states Connected and Idle has been used, but as has been shown, e.g. in CIOT studies, when using the basic Idle/Connected state model and LTE/EPS CN/RAN functional split, the signalling overhead for transition Idle <=> Connected is very significant and a prohibitive problem in achieving long battery life. 
Observation: The basic legacy state model and related CN/RAN functional split has proved insufficient to handle low activity UEs. 
In our opinion, the following assumptions or requirements are applicable, 
Assumptions, Requirements for infrequent small data transmission:
·  The signalling to transmit or receive infrequent small data for a UE that is initially in power-saving state, shall be minimized, both over Uu and in the network. 
· The signalling to establish state or context shall be minimized.
· It should be possible to use already established security context. 

· It should be possible to use already established compression context (e.g. for header compression). 

· Operations that involve admission control or resource reservation, such as using a GBR bearer should not need to be supported. 

· It should be possible to use pre-configured transport in the network (no network bearer establishment). 

·   Both high mobility and low mobility shall be supported. 
· For infrequent small data, mobility do not need to be seamless.
Existing system solutions to this are e.g.
·  CIOT CP optimization, Data over NAS, centralization of stateful functionality in the CN.  
·  CIOT UP optimization, Cached AS context, Caching of context information for low overhead re-establishment of state.
·  UMTS Connected mode power efficient sub-states: URA_PCH, Cell_PCH, Cell_FACH, centralization of stateful functionality in the RAN.
·  All existing solutions assume UE based Cell reselection mobility, where the UE updates the network at location change. 
Proposal 8: For the low performance state, we assume that UE based Cell Reselection mobility is applied, where the UE updates the network at location change.
Discussion: Two different paradigms seem to exist on how to avoid signalling for context setup at infrequent small data transmissions for mobile UEs: 
a) Centralization of stateful functions. 
b) Caching of distributed state context.
We assume that almost all devices will need infrequent small data communication more or less all the time, thus we assume that the system shall be better optimized for this case than any earlier systems.
We observe that caching of distributed state context works well for stationary UEs, but is associated with additional signalling overhead for mobile UEs, for state context retrieval. 
We observe that an architecture that allows centralized location for pre-established contexts such as security and compression, and that do not require any pre-established distributed contexts (e.g. radio communication context) do not require any additional signalling at all to setup state context for infrequent small data transmission both for high mobility and low mobility UEs. 
We assume that for infrequent small data, the need for a radio communication context is small. A limited set of UE capabilities is needed and can be provided on the fly. UE addressing and L1/L2 contexts can be built on the fly and do not need to be based on pre-known UE information. 
We further assume that the network shall not need to establish bearers for infrequent small data communication, and  this can be based on connection-less transmission. 
Proposal 9: For the low performance state, it shall be possible to centralize stateful network functionality, such as User Plane Security, and User Plane Compression. 
Proposal 10: For the low performance state, it shall be possible to do infrequent small data communication without state change:

a)  Using no a priori UE capability information, or a limited set of UE capabilities, provided on-the-fly.  
b)  Using an on-the-fly built temporary radio communication context.
Proposal 11: For the low performance state, it shall be possible to do infrequent small data communication using connection-less methods of communication, avoiding setup of bearers
RAN or Core Network
We note that centralized stateful functions such as mobility management for UEs, and User-plane L2 anchoring with security and compression in the low performance state could be done by RAN or by the Core Network. 
Core Network: If the stateful functions of the low performance state are located to the core network, we assume that the RAN operation for the low performance state for a UE can be done without a dedicated pre-established RAN context. This also means that there is no RAN/AS security in the low performance state, which would limit the possibility to perform Dedicated RRM operations for UEs in the low performance state. We assume that the UE would need to transit to the high performance state in order to receive dedicated RRM configurations.
RAN: If the stateful functions of the low performance state are located to the RAN, we assume that there will be a fairly centralized location for these functions, e.g. such that also high mobility UEs do not need to do RAN relocation for every infrequent small data transmission. In this case, the need for and requirements for Core Network mobility management could be discussed.
Proposal 12: It need to be decided whether the stateful functions such as mobility management for UEs, User-plane L2 anchoring, security and compression in the low performance state is done by the RAN or by the Core Network

2.4 
The High-Performance state
For the high-performance state, we assume that full UE capability information is needed, as well as the possibility to have an optimized L1/L2 configuration, i.e. a full state context is needed for radio communication.
Furthermore, we note that the high performance state is associated with very strignent requirements for the user plane latency. It is assumed that the required high performance can only be achieved if all the user plane functionality is distributed and available locally in the network. 
Proposal 13: For the high performance state, it shall be possible to distribute all L2 user-plane processing, including stateful parts such as security. 
2.5 
State Transitions
We assume that the control plane latency requirement of 10ms is applicable for state transition from the low performance state to the high performance state. 
As this is a very challenging requirement, we suggest to assume that context caching for the high-performance context is used to reduce the signalling needed for state-transition. As for the CIOT UP signalling optimization we suggest this to be applied to the AS context in the RAN, but could also be applied to other contexts in the network to reduce signalling, e.g. for resume of user-plane in the network. We also assume that NAS contexts related to the high performance state (e.g. SM context) are stored and can be resumed, similar as for LTE today (by service request).
Proposal 14: Caching of high-performance AS context shall be considered to reduce the overhead and time required for the state-transition to the high-performance state. Caching of other contexts in the network for this state-transition could also be considered. 
As data communication can happen both in the low performance state and the high performance state, criteria need to be established for when a state-transition shall be performed. 
Proposal 15: The criteria for state-transition between low-performance and high-performance states need to be discussed. 

2.6 
General

As some state need to be setup to make possible the low performance state, probably also an Initial state with nothing setup is required for a more complete model.

Proposal 16: An initial state for the case when no valid configuration exists may also be needed.

3 
Summary
In this document, NAS functional modelling has not been taken into account, i.e. other/additional states may be needed as that part is progressed. 
Proposal 1: There shall a single UE state model on the top level, which covers all applicable use-cases, including eMBB, mMTC and URLLC. 

Proposal 2: Similar to previous 3GPP systems, the UE state model is intended to be a means to structure specifications, architecture and simplify development work, by associating requirements and solutions to UE states.

Proposal 3: We apply the mindset to not introduce more states than necessary. 

Proposal 4: There are two UE states, a high performance state and a low performance state
Proposal 5: The high performance state supports fast transport of large data volumes and addresses low user plane latency requirements and 0ms mobility interruption time
Proposal 6: The low performance state targets low power consumption, supports infrequent small data transmission, and addresses the latency for infrequent small packets requirement and the long battery life requirement.  
Proposal 7: Assumption: “Infrequent small data” is a main case for mMTC, e.g. when sensors make reports, and regularly occurs also for eMBB, e.g. for devices with background traffic.

Proposal 8: For the low performance state, we assume that UE based Cell Reselection mobility is applied, where the UE updates the network at location change.
Proposal 9: For the low performance state, it shall be possible to centralize stateful network functionality, such as User Plane Security, and User Plane Compression. 
Proposal 10: For the low performance state, it shall be possible to do infrequent small data communication without state change:

a) Using no a priori UE capability information, or a limited set of UE capabilities, provided on-the-fly.

b) Using an on-the-fly built temporary radio communication context.

Proposal 11: For the low performance state, it shall be possible to do infrequent small data communication using connection-less methods of communication, avoiding setup of bearers

Proposal 12: It need to be decided whether the stateful functions such as mobility management for UEs, User-plane L2 anchoring, security and compression in the low performance state is done by the RAN or by the Core Network

Proposal 13: For the high performance state, it shall be possible to distribute all L2 user-plane processing, including stateful parts such as security. 
Proposal 14: Caching of high-performance AS context shall be considered to reduce the overhead and time required for the state-transition to the high-performance state. Caching of other contexts in the network for this state-transition could also be considered. 

Proposal 15: The criteria for state-transition between low-performance and high-performance states need to be discussed. 
Proposal 16: An initial state for the case when no valid configuration exists may also be needed.
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