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KI#3 WT#1 #3 #4 – NG UE/NW State Model
Introduction
This document provides a solution to KI#3 WT#1 #3 #4 to define a single UE and NW state model to cater for the wide ranging set of requirements and use cases[footnoteRef:1] for <5G> while addressing the shortcomings of LTE primarily linked to “always-on” connectivity (e.g. signaling load incurred by RRC Connected / RRC Idle switches and impact on battery life for small data transfers, impact on battery life for long-lived RRC Connected mode esp. due to the lack of long DRX).  [1:  eMBB, mMTC, URLLC in particular] 

NextGen UE/NW State Model
Principles
It is necessary to define an efficient system with reasonable flexibility to accommodate a wide range of requirements and scenarios with as little complexity as possible. Note that these requirements/scenarios may not only vary across UEs or categories thereof, but importantly as well within normal operation of a single UE – hence the design should cater for that from day one. 
In our view, NextGen ought to offer: 
· High data efficiency – to maximize data transmission speeds whenever required
· High energy efficiency – to minimize UE battery consumption in any period of inactivity
· High mobility efficiency – to adjust mobility mechanisms according to QoS needs[footnoteRef:2] [2:  Handover is not always necessary] 

· High overall system resources efficiency – primarily radio and UE battery (as covered by the 2nd bullet above).
· A single NAS CP Anchor point per UE 
Furthermore, care should be taken not to define too many UE/NW states or states with great overlap to accommodate the above. Independent states should be targeted, bearing in mind that in a particular state UEs could be configured differently for a particular purpose (each purpose not requiring a distinct state).
Proposal
NextGen Mobility Management
Two states are defined as for EPC EMM: NMM De-registered and NMM Registered. These states reflect the UE registration status and reachability (from NAS standpoint):
· NMM De-registered: the UE has no NMM registration with the network and is not reachable. The UE location is not known by the network (except possibly through the last registration).
· While NMM De-registered, the UE in lower layers (RRC) may be in Initial state, Low Performance state or, to perform registration, in High Performance state.
· NMM Registered: the UE is attached to and authenticated by the network. It is reachable by the network (subject to radio access reachability) though maybe not immediately (e.g. DRX). In this state, the UE location is maintained by the NMM layer in the network possibly triggered by updates from the UE. The UE location is known by the network with varying degrees of granularity depending whether any service is ongoing and, if so, its mobility necessities: from the area covered by the serving NGCore CP node (NAS CP Anchor) to an area covered by the serving RAN node. 
· While NMM Registered, the UE in lower layers (RRC) may be in Low Performance state, maximizing battery efficiency or in High Performance state, maximizing data efficiency.
Radio Resource Control [Under RAN2 responsibility]
Three states are introduced: Initial, Low Performance and High Performance, as described hereafter.
· Initial: this state is defined to set-up UE operation. It is short-lived only. The UE is NMM De-registered and has no RRC connection established. The UE performs initial cell and PLMN selection only. Once a suitable or an acceptable cell is selected, it enters Low Performance state. Said otherwise the UE stays in Initial state when no service can be had.
· Low Performance: this state is defined to maximize battery efficiency. The UE may be NMM De-registered (transient) or NMM Registered. The UE has no RRC connection established. In this state, the UE battery consumption is optimized (deep sleep, DRX as applicable) and, when NMM Registered, RRC connection-less (CP/UP) data transfer is possible, well suited to infrequent (small) data transmissions[footnoteRef:3],[footnoteRef:4] hence addressing a main issue encountered with the LTE RRC state machine today. [3:  We assume bearers are not needed for such data transmissions. ]  [4:  Infrequent (small) data transmissions are not just about CIoT scenarios hence the NextGen should be better optimized for this than LTE was.] 

· If the UE is NMM De-registered, MT/MO transactions are not possible. This is expected to be transient only, as shown in Annex, Figure 2.
· If the UE is NMM Registered, both MT and MO transactions are possible. 
· Mobility is handled by means of cell reselection, under UE control[footnoteRef:5]. Handover is neither needed nor supported. The UE location is known at cell level at least for the duration of data transfer, otherwise at NAS Control Plane anchor area level. [5:  Mobility measurements could however be reported to the network if necessary.] 

· This state relies on pre-established centralized and distributed contexts e.g. for security and compression (centralized) and for radio communications (distributed) hence avoiding any handshake for context set-up. It uses on-the-fly provision of additional information as needed e.g. UE capabilities (beyond a minimum set), QoS marking etc. Whether the centralization of stateful network functionality (e.g. for UP security, compression) for Low Performance lies in NGCore or in NGRAN[footnoteRef:6] should be discussed.  [6:  If stateful functionality is centralized in NGCore, the RAN operation for LowPerf state for a UE can be achieved without a dedicated pre-established NGRAN context. If instead it is located in NGRAN, a centralized location is expected to avoid frequent NGRAN relocation for high mobility UEs every time data need to be transmitted.] 

· High Performance: this state is defined to maximize data efficiency. The UE has an RRC connection established and is either in NMM De-Registered (performing registration), transient only, or NMM Registered. Battery consumption is reduced in temporary periods of inactivity (DRX).
· Both  MT and MO transactions are possible
· In this state, mobility is handled by means of handover, under network control. The UE location is known at cell level. 
NAS Connection Management (NCM)
The exchange of NAS signaling between a UE and the NGCore requires a NAS signaling connection – in EPS, this is handled with an ECM/EMM connection, which is the concatenation of an RRC connection between the UE and E-UTRAN (with associated SRB) and of an S1-MME connection between E-UTRAN and the MME.
While the same principle can easily be transposed into NextGen for RRC High Performance, the case of RRC connection-less transmissions in NMM Registered / RRC Low Performance conflicts with the definition of ECM connection. However this being a NAS connection it can and should exist without necessarily being coupled to a lower layer [RRC] connection. The important aspects are that the UE be registered, its context readily available (e.g. stored in NGRAN and/or NGCore), and its location (NGRAN node) known to NAS. When NAS signaling needs to be exchanged a trigger is then passed to lower layers that then take over.
It is thus proposed that NCM Connected corresponds to a NAS signaling connection established between the UE and network NAS, resulting from an Initial NAS message (not Detach), including an NG1c connection between the NGRAN and NGCore but not necessarily an RRC connection between the UE and NGRAN (though the UE should be reachable by NGRAN). Should the UE not be reachable by NGRAN e.g. due to a lower layer failure, the NAS signaling connection should be deemed unavailable i.e. NCM Idle. Hence while NCM Connected, NGRAN should indicate the reachability status of a UE to NGCore. It should be noted that the UE reachability is already taken into account today (e.g. RLF in ECM/EMM Connected triggering transition to ECM/EMM Idle).

Summary
The above is summarized in the figure and table below:
[image: ]   
Figure 1: MM, NCM and RRC State models
Table 1: MM and RRC State models
	Correspondence

	MM
RRC
	De-registered (non reachable)
	Registered (reachable)

	Initial (no RRC conn.)
	
NCM: Idle
	

	Low Performance (no RRC conn.)
	(transient)
NCM: Idle
	
NCM: Connected

	High Performance (RRC conn.)
	(transient)
NCM: Idle
	
NCM: Connected

	

	UE Location

	MM
RRC
	De-registered (non reachable)
	Registered (reachable)

	Initial (no RRC conn.)
	Unknown
	N/A

	Low Performance (no RRC conn.)
	Unknown
	NGCore:	NAS CP Anchor area; or
	NGRAN node when connection-less data transfer is ongoing
NGRAN:	Cell level when connection-less data transfer is ongoing

	High Performance (RRC conn.)
	NGCore:	Unknown
NGRAN:	Cell level
	NGCore:	NGRAN node
NGRAN:	Cell level

	

	Mobility mechanism

	MM
RRC
	De-registered (non reachable)
	Registered (reachable)

	Initial (no RRC conn.)
	PLMN selection, cell (re)selection
	N/A

	Low Performance (no RRC conn.)
	Cell reselection
	Cell reselection

	High Performance (RRC conn.)
	N/A
	Handover

	

	MO CP Transactions (examples)

	MM
RRC
	De-registered (non reachable)
	Registered (reachable)

	Initial (no RRC conn.)
	N/A
	N/A

	Low Performance (no RRC conn.)
	N/A
	Detach
Service request
Location / Cell update

	High Performance (RRC conn.)
	Attach, Security
	Detach

	

	MT CP Transactions (examples)

	MM
RRC
	De-registered (non reachable)
	Registered (reachable)

	Initial (no RRC conn.)
	N/A
	N/A

	Low Performance (no RRC conn.)
	N/A
	Paging
Detach

	High Performance (RRC conn.)
	N/A
	Detach


	
An example high-level registration flow is depicted in Annex.
Conclusion
It is proposed to include the following state models into NextGen for Mobility Management, Connection Management and RRC (the latter under RAN2 responsibility):
· NMM: NMM-De-registered and NMM-Registered taking into account the UE registration and reachability.
· NCM: NCM-Idle and NCM-Connected, where NCM-Connected does not require an RRC connection, but an NG1-C connection. NCM-Connected results from the establishment of a NAS connection between the UE and network NAS  following an Initial NAS message (not detach).
· RRC: Initial, Low Performance and High Performance enabling high battery efficiency and high data efficiency whilst avoiding costly RRC signaling for short-lived data transactions. The Initial state is primarily an operation set-up state into which the UE stays if no service can be had.
· A pCR is provided in S2-162325. 
Annex – High-level registration flow
[image: ]
[bookmark: _Ref450898603]Figure 2. Registration (example)
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