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1	Introduction
This document proposes a way forward to consolidate the NextGen MM State machine. Five solutions are currently listed in TR23.799: 3.2, 3.3, 3.6, 3.7 and 3.8 that are summarized herein. 
It should also be noted that each solution is intimately intertwined with a corresponding RRC state machine, under discussion in RAN2.
2	Current solutions
The current solutions dealing with MM state machine (and RRC state machine) are:
-	Solution 3.2: Mobility state framework
-	Solution 3.3: Solution for mobility framework with RAN level tracking
-	Solution 3.6: Mobility states for UE with power consumption optimization
-	Solution 3.7: NextGen State model
-	Solution 3.8: Simplified mobility states for stationary UE and MO data transmission only UE
The following table summarizes the above solutions so that an easier comparison can be made between them. In our view, solutions 3.2, 3.3 and 3.7 can be compared for they disclose a comparable level of details. Solution 3.8 is not a complete solution, but this is also an argument that it raises i.e. that of specifying different state machines for different use cases – however a complete picture would still be needed addressing all use cases, not only stationary UEs and MO-only UEs. Solution 3.6 is missing a number of important aspects that other solutions disclose. 
	
	3.2 (ERI, NOK)
	3.3 (INT)
	3.6 (1) (HUA)
	3.7 (MTK)
	3.8 (CATT)

	# state machines
	1
	1
	1
	1
	≥3 expected

	MM 
De-registered
	MM De-registered
	No
	[FFS]
	MM De-registered
	NAS Deregistered

	MM Registered
	MM Registered
	NexGen Connected
	NG Connected
	MM Registered
a) Standby
b) Ready
	NAS Registered (3)

	CM Idle
	Yes (MM Registered)
	NexGen Idle
	No
	See a)
	No

	CM Connected
	Yes (MM Registered)
	NexGen Connected
	No
	See b)
	No

	Paging (2)
	CM Idle, @RRC
	@RRC
	NG Idle/Power Saving, @MM
	Standby, @MM

Ready, @RRC
	@RRC

	NG2 link
	CM Connected: Connection
	NexGen Connected: Connection
	NG Connected: Connection
	Ready: Connection
	NGRAN Connected: Connection

	NG3 link
	CM Connected & RRC Connected: Connection
	NexGen Connected & RRC Connected: Connection
	NG Connected & [RRC not specified]: Connection
	Ready & RRC Low Energy: With data only 

Ready & RRC High Perf.: Connection
	NGRAN Connected: Connection

	Data transfer
	CM Connected & RRC Connected
	NexGen Connected & RRC Connected
	NG Connected & [RRC not specified]
	Ready & RRC Low Energy or RRC High Perf
	NAS Registered & NGRAN Connected

	Main power save
	RRC Inactive
	RRA PCH (RRC)
	NG Power Saving (MM)
[RRC FFS]
	RRC Low Energy (Standby, Ready)
	NG RAN Inactive (4)

	Data transfer with main power save
	No
Inactive <> Connected switch
	No
	No
	Yes (Ready)
No (Standby)
	No

	Mobility during data transfer
	RRC Connected: Handover
	RRC Connected: Handover
Cell reselection
	NG Connected: Handover
	Ready & RRC Low Energy: Cell reselection

Ready & RRC High Perf: Handover
	[not specified – Handover assumed]

	Mobility when no data transfer
	Cell reselection
	Cell reselection
	Cell reselection
	Cell reselection
	[not specified – Cell reselection assumed]

	Location tracking (MM Registered)
	CM Idle: TA, [RAN node?]

CM Connected: TA, RAN node, Cell
	RRA_PCH: TA, RRA

RRC Connected: TA, RAN node, Cell
	NG Idle: TA

NG Power Saving: TA

NG Connected: TA, RAN node, Cell
	Standby: TA

Ready: TA, RAN node, Cell
	NG RAN Inactive:
TA, RAN Node

NG RAN Connected: TA, RAN Node, Cell

	NOTE 1:	Solution 3.6 is rather incomplete as documented in TR23.799 itself
NOTE 2:	Paging is not necessary for MO-only scenarios
NOTE 3:	For MO data only UE proposal, the UE registers to the network as data is to be transferred and de-registers from the network once data transfer is complete. This is expected to yield signalling surge in case of bursty traffic.
NOTE 4:	For MO data only UE proposal, the UE must first de-register from the network 
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3	Discussion
3.1	General
Key distinctive points between the different solutions are discussed hereafter and associated proposals are made so a consolidated way forward can be established in this meeting.
3.2	One state-machine fits all or independent state machines?
A single flexible adaptive state machine is recommended that can be configured to serve known and future services. The rationale for specifying x different state machines each dedicated to a very narrow specific use case defeats the purpose of NextGen in our view. A key intent of this work is to derive an overall architecture that, of course, can efficiently address known use cases, but that importantly must be flexible enough to adapt to use cases and scenarios that are not known yet. Maximizing the future-proofness of the design whenever possible is essential in our view as opposed to defining x different bespoke inflexible designs with a high likelihood of short-term obsolescence.
Proposal 1: A single MM state machine shall be specified. 
3.3	NMM-Deregistered or not:
“Always connected” is misleading in our view even though maximizing connectivity must be possible whenever needed. A NMM Deregistered state is necessary at least for the following reasons:
-	Definition of the UE behaviour when it is not registered to the network i.e. yet to register, following de-registration (e.g. switch-off) or upon registration failure (e.g. rejection); and
-	Need for the network to allow releasing a UE MM context; and
-	Even if such state could be short-lived under normal operation, it should still be accounted for.
Proposal 2: A NMM De-registered state shall be specified
3.4	NMM Registered: Standby/Ready vs. CM Idle/Connected 
Standby/Ready states were originally introduced in GPRS (alongside an Idle state as well). In EPS, a comparable approach was taken with EMM Registered + ECM Idle and EMM Registered + ECM Connected (alongside an EMM Idle state as well). Solutions 3.2, 3.3 and 3.7 are in this respect very similar: 
-	NGMM Registered + NGCM Connected states 	~	NexGen Connected	~ 	NMM Registered Ready state 
-	NGMM Registered + NGCM Idle states			~	NexGen Idle			~	NMM Registered Standby state
The main distinction between these approaches lies essentially in the underlying RRC states used rather than the actual functionality offered. Specifically, the distinction is between RRC Low Energy (3.7), RRC Idle, RRC Inactive (3.2) and RRA_PCH (3.3). The functionality provided in Standby + RRC Low Energy (3.7) is equivalent to that offered in NGMM Registered + NGCM Idle + RRC Idle (3.2) and NexGen Idle + RRC Idle (3.3). The difference between Ready + RRC Low Energy (3.7) and NGMM Registered + NGCM Connected + RRC Inactive (3.2) and NexGen_Connected + RRA_PCH is whether or not data transmission should be possible – this is discussed later in this paper (see Power save state).
In our view, it is important to define a mobility management state in which a registered UE need not be tracked on a cell basis but only on a CP Anchor Area basis and can significantly reduce its power consumption. 
Proposal 3a: a mobility management state shall be specified, suited for long extended periods of data inactivity, in which a NMM registered UE need only be tracked on a CP Anchor Area basis (“EPS Tracking Area”), remain reachable and be able to significantly reduce its power consumption. This is understood as CN-Idle state in TR23.799 architectural assumption 6.
Proposal 3b: a mobility management state shall be specified, suited for periods of data activity or soon-anticipated data activity in which a NMM registered UE is tracked at cell level, reachable and quickly able to transmit or receive data, whilst also able to significantly reduce its power consumption during (extended) periods of data inactivity.

3.5	Power save state
While minimizing a UE’s energy consumption is a necessity in any situation, all solutions suggest the definition of a specific state in which energy consumption can be reduced to a minimum while the UE remains reachable. Power saving in this state will come essentially from optimizing/deactivating radio layers tasks when data is not transmitted (during brief or extended periods) – in our view, these tasks are best controlled by RRC. Of course a main purpose of MM is to ensure reachability (of the UE by network and vice-versa) when data is to be transmitted as well as ensuring MM signalling is minimized overall and in particular when data is not transmitted; Power saving will require MM/RRC coordination.
Proposal 4a: An RRC power save state is expected to be defined by RAN2. The RRC power save state shall be available when NMM Registered.
Proposal 4b: a UE shall not be required to deregister to use the RRC power save state.
A key difference between solution 3.7 and other solutions is the ability offered by solution 3.7 to transmit data in this state (provided the necessary context is maintained in the network) without the need for UE-dedicated resources, thus minimizing resource usage. This low energy state is expected to be used typically for delay insensitive data. It should be noted that in solution 3.2, context storage shall also be maintained in the network in order to enable speedy resumption of the RRC connection. However, we also recognize whether or not this RRC power save state features data transmission is up to RAN2 discussion and decision.
Proposal 4c: whether data transmission (UL/DL) is possible in RRC power save state is to be discussed and decided in RAN2. 
3.6	Mobility – Handover, Cell reselection
Proposal 5: While NMM De-registered, mobility shall be under UE control using cell reselection with criteria set by the network. 
While MM Registered, two alternatives have been proposed: Handover only, or Handover and Cell reselection depending on service requirements. It is our view (as expressed in Solution 3.7) that both handover and cell reselection should be available. Solution 3.3 also takes cell reselection into account. Cell reselection is a lightweight approach minimizing signalling that can provide service continuity for services that do not require stringent interruption time (e.g. small data, best effort, streaming video) – cell reselection can be under network and/or UE control (subject to RAN2 definition) but always using criteria set by the network.
Proposal 6: While NMM Registered, both Handover and Cell reselection mechanisms shall be specified for mobility during data transfer. 
3.7	NG2 and NG3
Minimizing system resource usage is an important goal for NextGen i.e. all resources should be used rationally. On NG2 and NG3, this translates into ensuring NG2 need only be available when data transfer is anticipated (although no data may be available for transmission yet) i.e. ensuring UE/Network are mutually reachable, whilst NG3 need only be available when data is available for transmission. 
Proposal 7: For a particular UE, NG2 need only be available when data transfer to/from this UE is anticipated (though no data may be available for transmission yet). NG3 need only be available when data is available for transmission.
Proposal 8: For any UE, the use of network resources and signalling shall be minimized in extended periods of data inactivity. 

4	Conclusion
It is proposed to consolidate a unique mobility management state model along the following proposals:
Proposal 1: A single MM state machine shall be specified. 
Proposal 2: A NMM De-registered state shall be specified
Proposal 3a: a mobility management state shall be specified, suited for long extended periods of data inactivity, in which a NMM registered UE need only be tracked on a CP Anchor Area basis (“EPS Tracking Area”), remain reachable and be able to significantly reduce its power consumption.
Proposal 3b: a mobility management state shall be specified, suited for periods of data activity or soon-anticipated data activity in which a NMM registered UE is tracked at cell level, reachable and quickly able to transmit or receive data, whilst also able to significantly reduce its power consumption during (extended) periods of data inactivity. This is understood as CN-Idle state in TR23.799 architectural assumption 6.
Proposal 4a: An RRC power save state is expected to be defined by RAN2. The RRC power save state shall be available when NMM Registered.
Proposal 4b: a UE shall not be required to deregister to use the RRC power save state.
Proposal 4c: whether data transmission (UL/DL) is possible in RRC power save state shall be discussed and decided in RAN2. 
Proposal 5: While NMM De-registered, mobility shall be under UE control using cell reselection with criteria set by the network. 
Proposal 6: While NMM Registered, both Handover and Cell reselection mechanisms shall be specified for mobility during data transfer. 
Proposal 7: For a particular UE, NG2 need only be available when data transfer to/from this UE is anticipated (though no data may be available for transmission yet). NG3 need only be available when data is available for transmission.
Proposal 8: For any UE, the use of network resources and signalling shall be minimized in extended periods of data inactivity. 

