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Abstract of the contribution: This paper has analysed the basic structure of EPS mobility states which is consisted of 2 states ''EMM-DEREGISTERED and EMM-REGISTERED'. Also, it is proposed to discuss about, what has been changed and what is required for NextGen system. Then NextGen mobility states is proposed which is consisted of 3 states with regard to UE's reachability by system in order to reflect existing & potential NextGen requirement. This paper is aiming to resolve WT#1, WT#4 of Key issue 3. 
1. Discussion & Analysis
In the Evolved Packet System, two different states (i.e. EMM/ECM) has been specified. While EMM states distinguish whether a UE is registered to EPC or not (i.e. EMM-DEREGISTERED, EMM-REGISTERED), ECM states distinguish whether a UE has practical signalling connection with EPC or not (i.e. ECM-IDLE, ECM-CONNECTED).
A. Definition of EMM, ECM state

In EPS, once a UE is registered in a network, UE stays in EMM-REGISTERED unless the network explicitly reject the UE's registration/location update or expiry of detach timer due to UE's long period of absence. Meanwhile, if a UE has no active interaction with system for a certain period of time, eNB determines inactivity and triggers connection release with the UE. This results in UE entering ECM-IDLE state. That is, ECM sates means the existence of practical activity between UE and the system but EMM states is more static states. Also, Paging is only mechanism that network can switch UE's ECM state from ECM-IDLE to ECM-CONNECTED. In general, the ECM and EMM states are independent of each other. Transition from EMM-REGISTERED to EMM-DEREGISTERED can occur regardless of the ECM state.
B. UE's Reachability handling
In EPS, two timer "Mobile Reachable timer", "Detach timer" are used for UE's reachability handling and MM states handling. If the "Mobile Reachable Timer" expires, then MME clear PPF (Paging Proceed Flag) so MME does not triggers mobile terminated procedure even user data arrives in S-GW. Also expiring of Mobile Reachable Timer triggers start of Detach timer so network can detach the UE when the detach timer expires.
Reachability was a condition whether a UE is in control of the system or not. Therefore if a UE's 'Mobile Reachable timer' is expired then system considers the UE cannot be served (e.g. UE is out of EPS coverage) then triggers 'Detach timer'. However the usage and meaning of reachability became different from how it was before , with the introduction of Power Saving Mode (Rel-12) and extended DRX (Rel-13) for UE's further power saving. If a UE applies power saving functionality (i.e. Power Saving Mode, extended idle mode DRX), MME implicitly considers the UE is not reachable for a while (i.e. remaining PSM period, till next paging occasion) so the MME should do additional handling for this power saving functionality such as extended buffering and delayed paging.
C. Necessity of ECM-Idle
Some proposal for NextGen mobility framework argues the necessity of ECM-IDLE state. Instead of ECM-IDLE state, RAN level Inactivity state has been proposed. So after the UE is registered in NextGen, CN-RAN connection should be kept and RAN node should maintain UE's context. Thus the RAN should handle RAN buffering and RAN paging. This might be efficient for some vertical service (e.g. eMBB) which requires frequent data traffic however not every vertical is suitable with this approach. For example, for UEs which require infrequent data transmission with fast movement, maintaining the CN-RAN connection may result in extra signalling burden. Therefore sourcing company foresees that Idle state in Core network side should be kept in NextGen system.
D. Mobility on Demand
As explained in B. UE's Reachability handling, meaning of Reachability became different from how it was before. Not only long period of UE's absence (e.g. out of EPS coverage) but also UE's sleeping due to applying power saving functionality result in unreachable period which is known to UE and system. Also Mobility on Demand is a basic requirement of NextGen Mobility Framework. Thus MO only communication type which does not required Reachability handling for mobile terminated service should be specified. Also depending on UE's characteristics, a desirable latency of reachability might be different. Therefore sourcing company proposes define Mobility states which implies UE's state of registration, also reflects UE's reachability state. 
2. Proposal
As explained in the previous section, it is proposed to add 'Reachability by system' is another condition for NextGen mobility states. Therefore it is proposed 'NextGen mobility states' which is consisted of 3 states as below.
· DEREGISTERED-UNREACHABLE
· REGISTERED-REACHABLE

· REGISTERED-UNREACHABLE

DEREGISTERED-UNREACHABLE is same state with EMM-DREGISTERED. A UE is not registered in a system and also not reachable by the system.

REGISTERED-REACHABLE is a state that a UE is registered in a system and reachable by the system. Depending on DRX period what a UE applies, high latency on mobile terminated service may be required. Irrespective of connection state of the UE (i.e. NG-IDLE, NG-CONNECTED) the latency of reachability is expected if the UE applies power saving scheme. Depending on service characteristics of the UE, different level of reachability latency can be negotiated and configured by NextGen system.
REGISTERED-UNREACHABLE is a state that a UE is registered in a system but not reachable by the system. Only mobile originated signalling can trigger switching to REGISTERED-REACHABLE state.
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6.3
Solutions for Key Issue 3: Mobility framework
6.3.X
Solution 3.X: Mobility states with regard to reachability
This solution is applicable to Key Issue 3 – Mobility Framework aiming to address WT#1 and WT#4. The solution proposes mobility states of NextGen with regard to Reachability by system to UE.
6.3.1.1
Architecture description

Editor's note: This clause will contain e.g. terminology, overview, architecture description of the solution.

In EPS, Reachability was a condition whether a UE is in control of the system or not. Therefore when a UE's 'Mobile Reachable timer expires due to long period of UE's absence then system considers the UE cannot be served (e.g. UE is out of EPS coverage) and triggers 'Detach timer' of the UE. However the usage and meaning of reachability became different from how it was before , with the introduction of Power Saving Mode (Rel-12) and extended DRX (Rel-13) for UE's further power saving. If a UE applies power saving functionality (i.e. Power Saving Mode, extended idle mode DRX), MME implicitly considers the UE is not reachable for a while (i.e. remaining PSM period, till next paging occasion) so the MME should do some additional handling for this power saving functionality such as extended buffering and delayed paging.
Besides, Mobility on Demand is a basic requirement of NextGen Mobility Framework. Thus 'MO only communication type' which does not require Reachability handling for mobile terminated service is also one of MoD required scenario. Therefore it is proposed 'NextGen Mobility states 'which is consists of 3 states as below.
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Figure 6.3.X.1-1:  NextGen Mobility states with regard to UE's reachability
-
NG-DEREGISTERED-UNREACHABLE state: UE is not registered in the system and is not reachable by system. UE will initiate an attach procedure.
-
NG-REGISTERED-REACHABLE state: the UE is registered in the system and reachable by the system. This state and NextGen Connection management state are independent of each other. Therefore both Idle and Connected state are applicable. Different level of reachability latency is negotiable and configurable by system. For service/application which requires low latency, reachability latency should be also low. For UE's further power saving, longer DRX can be configurable but high latency for termination service is foreseen.

-
NG-REGISTERED-UNREACHABLE state: the UE is registered in the system but is not reachable by the system. This can be due to nature of power saving functionality or MoD configuration such as 'MO only communication '. In this state, NextGen system consider UE is not reachable till the UE escape from this state. UE is allowed to switch off access stratum functionality for power saving.
Editor's Note: More detailed Mobility states transition condition is FFS.
Editor's Note: Detach condition (e.g. UE requested Detach, NextGen determines UE's absence. Whether to use similar concept of TAU) is FFS.
Editor's Note: Registration handling (i.e. whether detach procedure is required and also how to determine the UE is detached from system) for MO only device is FFS

While UE is in NG-REGISTERED-REACHABLE state, different level of latency for reachability can be configured via MOD-Configuration procedure. 
Editor's Note: How the latency level of reachability affects Mobility on Demand concept is FFS.

6.3.X.2
Function description
Editor's Note: This clause will contain function descriptions and the interactions among the network functions.

6.3.X.3
Solution evaluation

Editor's Note: This clause will contain evaluation on the system impacts, e.g., UE, access network and non-access network.
* * * * End of Change * * * *
3GPP

SA WG2 TD


_1525002149.vsd
NG-DEREGISTERED
-UNREACHABLE


NG-REGISTERED
-UNREACHABLE


NG-REGISTERED
-REACHABLE


Attach (with Reachable)


MOD-configuration (MT required)


Attach (without Reachable)


Detach


Detach


MOD-configuration (MO only)



