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6.3
Solutions for Key Issue 3: Mobility framework

6.3.x
Solution 3.x: NextGen State Model

6.3.x.1
General
This solution addresses Key Issue#3, Mobility Management framework, in particular related to work tasks #1 and #2. 
6.3.x.2
Architecture description
6.3.x.2.1
NextGen Mobility Management (NMM)
Irrespective whether or not network slicing is used, there is at any point in time at most one NAS control-plane anchor per UE, operating a single NGCore/NMM instance for this UE.
Three states are defined.

-
NMM De-registered: The UE is not attached to the network and is not reachable. The UE location is not known by the network (except possibly through the last registration if applicable).

-
While NMM De-registered, the UE in lower layer (RRC) may be in Initial state, Low Energy state (transient) or High Performance state (transient), see sub-clause 6.3.x.2.3.
-
NMM Registered: The UE is attached to and authenticated by the network. A NG1 connection is established. The UE is reachable by the network (subject to radio access reachability) though maybe not immediately (e.g. DRX). The UE location is maintained by the network at NAS CP Anchor Area level, NGRAN Node level and/or Cell level, possibly triggered by updates from the UE. Mobility is handled by means of cell reselection or handover depending on mobility requirements imposed, when applicable, by the QoS requirements of the ongoing service.
-
NMM Registered Standby: No NG2 or NG3 connections are established. Mobility is handled by the UE by means of cell reselection. The NGCore tracks the UE location at NAS CP Anchor Area Level. Paging is handled by NGCore, within the NAS CP Anchor Area. The lower layer (RRC) is in RRC Low Energy state maximizing battery efficiency, see sub-clause 6.3.x.2.3. The lower layer (RRC) may also be in RRC High Performance state to expedite transmission of NAS signaling.
-
NMM Registered Ready: a NG2 connection is established. A NG3 connection is established upon data transmission, or if an RRC connection is established, for the duration of the RRC connection. Mobility is handled by means of cell reselection (no ongoing service or, with an ongoing service, if suitable according to the corresponding QoS requirements), or handover (when imposed by QoS requirements of the ongoing service). The NGCore tracks the UE location at NAS CP Anchor Area and NGRAN node levels. The NGRAN tracks the UE location at cell level. Paging is handled by NGRAN upon incoming data from NGCore. The lower layer (RRC) is either in RRC Low Energy state maximizing battery efficiency or in RRC High Performance state maximizing data efficiency, see sub-clause 6.3.x.2.3.
[image: image1.emf]Registered

Standby

De-registered

Registration

Detach

Registered 

Ready

Data

No Data timer

Detach

Registered


Figure 6.3.x.2.1.1
NMM State Model
Editor’s note: state transitions will be detailed.
6.3.x.2.2
NextGen Connection Management (NCM)
To exchange NAS signalling between a UE and the NGCore, a NAS level signalling connection (NG1 connection) is used. This connection is logical. The NAS signalling connection assumes:
-
An NG2 connection is established upon signalling exchange between NGRAN and NGCore for a given UE . An NG3 connection may but need not be established.

-
NMM is in NMM Registered Standby or Ready states.
Two states are defined:

-
NCM Initial: No signalling connection exists between the UE and NGCore.
-
NCM Connected: A NAS signalling connection (NG1 connection) exists between the UE and NGCore resulting from an Initial NAS message (not detach). 
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Figure 6.3.x.2.1.1
NCM State Model

Editor’s note: state transitions will be detailed.
6.3.x.2.3
NextGen Radio Resource Control (RRC)
Editor’s note: decision on the RRC state model is under TSG RAN WG2 responsibility.
Three states control the operation and mobility of the UE in lower layers.
-
RRC Initial: This state is supported by the UE only, to set-up operation. It is short-lived. NMM is NMM De-registered and no RRC connection is established. The UE performs initial cell and PLMN selection. Once a suitable or an acceptable cell is selected, the UE enters RRC Low Energy state. The UE stays in Initial state when no service can be had.
-
RRC Low Energy:  No RRC Connection is established between the UE and NGRAN. NMM may be NMM De-registered (transient), NMM Registered Standby or NMM Registered Ready. In this state, the UE battery consumption is optimized (deep sleep, DRX as applicable) and, when NMM Registered Ready, RRC connection-less (CP/UP) data transfer is possible.
-
If the UE is NMM De-registered, MT/MO transactions are not possible. This is expected to be transient only.

-
If the UE is NMM Registered, both MT and MO transactions are possible. RRC Connection-less data transfer is enabled if in NMM Registered Ready.
-
Mobility is handled by means of cell reselection, under UE control. Handover is neither needed nor supported. The UE location is known at cell level at least for the duration of data transfer while in NMM Registered Ready state, otherwise at NAS Control Plane anchor area level while in NMM Registered Standby State.
-
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 further 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. In addition, UE context transfer is supported in the network for mobility.
Editor’s note:
Whether the centralization of stateful network functionality (e.g. for UP security, compression) for RRC Low Energy lies in NGCore or in NGRAN is FFS and will be addressed in sub-clause 6.3.x.3.
-
RRC High Performance: An RRC connection is established between the UE and NGRAN. The UE may be NMM De-registered (transient, e.g. performing registration) or NMM Registered Standby (transient e.g. requesting service) or NMM Registered Ready. In this state, data efficiency is optimized while the battery consumption is reduced in temporary periods of inactivity (DRX).
-
Both MT and MO transactions are possible.

-
Mobility is handled by means of handover, under network control. The UE location is known at cell level.
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Figure 6.3.x.2.1.1
RRC State Model
NOTE: 
in this solution, an RRC Connection is assumed to be both logical and physical i.e. radio resources are assigned to the UE. RRC connection-less can be assumed as a logical connection exists.
6.3.x.2.4
Overview of NMM, NCM and RRC state models 
The following table summarizes the overall correspondence between NMM, NCM and RRC.

Table 6.3.x.2.4.1 Overview of NMM, NCM and RRC State models 
	Correspondence RRC – NMM States

	NMM

RRC
	NMM De-Registered
	NMM Registered

	
	
	Standby
	Ready

	RRC Initial
	Yes
	No
	No

	RRC Low Energy
	Transient
	Yes
	Yes

	RRC High Performance
	Transient
	Transient
	Yes

	Mobility

	NMM

RRC
	NMM De-Registered
	NMM Registered

	
	
	Standby
	Ready

	RRC Initial
	PLMN selection

Cell (re)selection
	n/a
	n/a

	RRC Low Energy
	Cell reselection
	Cell reselection
	Cell reselection

	RRC High Performance
	n/a
	n/a
	Handover

	UE Location tracking

	NMM

RRC
	NMM De-Registered
	NMM Registered

	
	
	Standby
	Ready

	RRC Initial
	n/a
	n/a
	n/a

	RRC Low Energy
	n/a
	NGCore: NAS CP Anchor Area
NGRAN: n/a
	NGCore: NAS CP Anchor Area, NGRAN node
NGRAN: Cell

	RRC High Performance
	n/a
	n/a
	NGCore: NAS CP Anchor Area, NGRAN node
NGRAN: Cell

	Paging

	NMM

RRC
	NMM De-Registered
	NMM Registered

	
	
	Standby
	Ready

	RRC Initial
	n/a
	n/a
	n/a

	RRC Low Energy
	n/a
	NGCore
	NGRAN

	RRC High Performance
	n/a
	n/a
	n/a

	NGx connections

	NMM

NGx connections
	NMM De-Registered
	NMM Registered

	
	
	Standby
	Ready

	NG1 Connection
	n/a (NCM Initial)
	Yes (NCM Connected)
	Yes (NCM Connected)

	NG2 Connection
	n/a
	No
	Yes

	NG3 Connection
	n/a
	No
	Yes and No


6.3.x.3
Functional description
Editor's note:
This clause will contain function descriptions and the interactions among the network functions.

6.3.x.4
Solution evaluation
Editor's note:
This clause will contain evaluation on the system impacts, e.g. UE, access network and non-access network. 
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