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1. Introduction
1.1.
Open Issue: cell list as registration area?

During SA2#117 a list of questions was captured, some questions had a resolution during the meeting, but some questions were not, and have been identified as open issues to be resolved at SA2#118.

One of the open issues regarding Mobility Management, is:

· Should UE and core network support cell list as registration area?
1.2
Discussion 

It is important to refresh the concept of a tracking area and its use and how cell ID is used in the CN. 

The tracking area is a Core Network concept, and it is used in two different main areas:
Area 1.
NAS registration and MM context parameters validity:

-
Every Mobility Management or Session management parameter negotiated or assigned by the Core Network applies in the assigned TAI list. 

-
This is negotiated via NAS between UE and MME. 

-
Only parameters that affect the RAN are provided to the RAN node when the UE in ECM connected mode (e.g. QoS, DRX). 

-
Since a UE in ECM IDLE mode keeps the NAS context, it is essential that the NAS registration and parameters validity area, is exactly the same as the area where the UE can move in ECM IDLE mode without need for NAS update, i.e., the TAI list assigned by the MMF. Otherwise, the UE would only find out that the registration is no longer valid when it moves to ECM connected mode, which is likely to create unnecessary delay, particularly when the UE transitions from ECM IDLE to ECM CONNECTED for MO or MT data.
	Principle 1: NAS registration validity area shall be the same as the area the UE is allowed to move in ECM IDLE mode without need for registration update. 


-
Now, an MMF serving area is in units of tracking areas, i.e., if an MMF serves a RAN node/cell in a tracking area, it serves all RAN node/cells in that tracking area. When the MMF assigns a temporary ID to the UE and TAI list, a RAN node in that TAI list will always select that same MMF based on the temporary ID.
	Observation 1: The smallest granularity for which a UE is guaranteed to access the MMF is the tracking area.


-
Since the UE can access the same MMF (and its MM context) with granularity of TA, any smaller granularity than TA for MM context validity would be arbitrary and therefore unnecessary. In other words, the cell ID, which is a RAN concept, plays no role in MM context validity which is a CN concept. 
	Conclusion 1: MM context shall have granularity of Tracking area.


Area 2. 
Paging
-
Due to Principle 1 and Conclusion 1 above, from UE perspective the ECM Idle mode mobility without signalling shall be the same as the NAS MM context validity, has a granularity of tracking area.

-
Therefore, the paging area shall have a granularity of tracking area. 
-
That doesn’t mean that there cannot be optimizations for low mobility or stationary devices so that the UE is not paged in in whole tracking area.

-
This can solved reusing the feature introduced for E-UTRAN/LTE of list of recommended cells for paging, as described in TS 23.401:

The MME and the E-UTRAN may support further paging optimisations in order to reduce the signalling load and the network resources used to successfully page a UE by one or several following means:

-
by the MME implementating specific paging strategies (e.g. the S1 Paging message is sent to the eNB that served the UE last);

-
by the MME considering Information On Recommended Cells And ENBs provided by the E-UTRAN at transition to ECM IDLE. The MME takes the eNB related part of this information into account to determine the eNBs to be paged, and provides the information on recommended cells within the S1 Paging message to each of these eNBs;
-
by the E-UTRAN considering the Paging Attempt Count Information provided by the MME at paging.
-
Note that this approach has the following benefits:

-
The Cell ID is a RAN concept, so it is a good idea that the cell ID/RAN node paging recommendation is provided by the RAN to the CN.

-
For low mobility or stationary devices, this list becomes stable quite quickly, and CN paging would almost always be received by the UE within the list of recommended cell IDs/RAN nodes. 

	Conclusion 2: Paging area as established via NAS has TA granularity and coincides with validity area of MM context.

	Conclusion 3: Paging optimization via cell ID/RAN node paging recommendation provided by the RAN to the CN is sufficient to minimize paging overhead for low mobility and stationary devices.


2.
Proposed text for TR 23.799

8.3
Interim Agreements on Key Issue #3: Mobility management
Interim agreements for CN/NAS state model on Key issue #3 Mobility Management are as follows:

1.
A single MM state model shall be specified consisting of

-
An MM De-registered state, in which the UE is not attached to the network; and

-
An MM Registered state, in which the UE is attached to the network. While MM Registered, the UE may be either:
-
in a CN Idle state, in which the UE may only be tracked at CN location area level and may achieve at least a comparable power efficiency to that of LTE's ECM IDLE state; or

-
in a CN Connected state, in which the UE location is known on the level of the serving RAN node.
2.
NextGen Core shall be able to optimize the MM procedures of a UE within the single MM state model.

3.
RAN2 is expected to define means for a UE in MM Registered CN Connected state not transmitting or receiving data to achieve a comparable power efficiency to that of a UE in CN Idle state.

4.
The network shall be able to control whether a UE in MM Registered/CN Connected state uses handover or cell reselection.
5.
UE and core network shall at least support tracking area list as registration area.
Interim agreements for mobility on demand are as follows:

Interim agreements for mobility on demand aspects related to mobility restrictions are as follows:
1.
The subscription data may include information which can be used to determine the UE mobility restrictions.
2.
UE mobility restrictionsare determined by core network based on information such as UE subscription, UE capabilities, UE location, and/or network policies.
Editor's note:
What UE capabilities, if any, that are used to determine UE mobility restrictions is FFS.
3.
UE mobility restrictionscan be changed due to, e.g., subscription, location, and/or policy change. In addition, UE mobility restrictions can be updated during a mobility management procedure.
4.
Mobility pattern a.k.a mobility level need not be defined as a parameter that is signaled via standardized interface.
5.
The mobility pattern is a concept used by the core network to characterize the expected UE mobility.
6.
The core network can determine mobility pattern based on following information, e.g.:
A.
UE subscription, e.g. the size of mobility restriction area;
B.
Network policies, e.g. the criteria to quantify mobility pattern;
C.
Statistic UE mobility information, e.g. historical/predictable UE moving trajectory; and/or
D.
UE assisted mobility information, including UE location, UE capabilities, etc.
7.
UE mobility pattern can be used by the core network as an input to optimize mobility support provided to the UE, e.g.:
A.
Optimizing the allocating CN registration area list;
B.
Optimizing UE mobility restriction area provided to the UE (if mobility restrictions to be applied for the UE);
C.
Selecting UP functions;
D.
Determining whether to keep the UE in CN_CONNECTED mode;
E.
Determining the CN assisted information to help RAN level paging.
Editor's note:
The details of the CN assistance for RAN paging will be developed in coordination with the RAN WGs
Editor's note:
If per-Node level NG3 tunnel is supported, it is FFS whether UE mobility pattern needs to be considered to determine the tunnel type, i.e. per-Node or per-Session tunnel.
Interim agreements for mobility restrictions are as follows:
1.
For the mobility restriction "area" aspects, the following applies:

A.
The core network may configure an "allowed area", "non-allowed area" and "forbidden area" to a UE. At least a granularity of these areas per the TA level is to be supported.
Editor's note:
Whether finer granularity than per TA level is to be supported is FFS.

B.
In an "allowed area", the UE is permitted to initiate communication (using CP and UP) with the network as allowed by the subscription.
Editor's note:
How allowed area relates to the core network registration area is FFS.
C.
In a "forbidden area", the UE is not permitted to initiate any (neither CP nor UP) communication with the network.
Editor's note:
Whether the UE will respond to core network paging is FFS.
D.
In a "non-allowed area" the UE is not allowed to initiate Service Request or SM signalling to obtain user services, but even in "non-allowed" area, the UE will perform periodic registration update signalling (due to periodic registration update timer expiration) and regular registration update (due to mobility outside of the TAI list).
Editor's note:
Whether the UE will respond to core network paging is FFS.
NOTE 1:
How to minimize registration updates due to mobility within a "non-allowed area" is to be determined during normative phase.
E.
If the UE has been provided with overlapping areas then the following applies for the UE logic:
1.
The evaluation of forbidden area has precedence over the evaluation of allowed area and the non-allowed area.
2.
The evaluation of non-allowed area has precedence over the evaluation of allowed area.
F.
A UE accessing the network for regulatory prioritized services like Emergency services and MPS overrides any "non-allowed area" and "forbidden area" restrictions.
2.
It has been agreed to specify a geographic subscription parameter to restrict the (service) area within which a UE (e.g. for fixed access) may obtain services from the network.
Interim agreements for reachability and MO only are as follows:
1.
Based on UE indicated preferences, UE subscription data and network policies, or any combination of them, the NG CN determines whether MO only mode is applied for the UE and indicates it to the UE during registration signaling. The UE and core network re-initiates (or exits) the MO only mode at subsequent registration signalling.

2.
A UE in MO only mode is characterized by the UE performing periodic registration (with potentially a very long periodic registration timer), but not listening to CN paging.

NOTE 2:
Even for periodic registration the UE needs to ensure that the UE is properly registered.

3.
The core network does not attempt to page a UE in MO only mode and hence the UE is only reachable from the core network when the UE initiates communication during the time the UE stays in CN connected mode.

Editor's note:
For a UE in CN idle, it is FFS whether MT data is stored/buffered in the core network, and whether additional functionality e.g. equivalent to an active time is required.

4.
For a UE in MO only mode the core network determines the frequency of periodic registration.

NOTE 3 :
The network may need to track the device e.g. due to the need to track a stolen UE. The UE behavior and configuration from the network when tracking is needed is FFS.
Interim agreements for Mobility Management Parameters and their usage:
1.
Table 8.3-1 shows a guidance on what Mobility Management parameters are to be specified, how they are determined, used and by which entity.

Table 8.3-1
	Parameter Name
	Content
	Example Possible values (*)
	How/Where is used, who provides value and which procedures are affected by parameter (*)

	Mobility Pattern

(a.k.a. UE Mobility Level in some solutions)
	Expected UE mobility. 
	-
TBD
	-
Provided by:

-
Subscription assisted (e.g. via Mobility Restriction), Policy Function assisted, optionally UE assisted, Statistics captured in CN.

-
Used in:

-
Any decision where mobility pattern might be useful.

-
Affects triggering of procedure:

-
FFS.

	UE Mobility Restriction 
	Defines different types of allowed communication per area.
	-
Allowed: Signaling/Data

-
Non-allowed: MM Signaling only without Service Request. EMC and MPS is allowed.

-
Forbidden: only EMC and MPS is allowed.
	-
Provided by:

-
CN to UE and RAN in connected mode.

-
Input possible from SDM and possibly adjusted by NG PCF

-
Used in:

-
UE to apply allowed type of communication

-
CN and RAN to enforce.

-
Affects triggering of procedure:

-
Service request and SM signaling,

-
MM signaling.

	UE Reachability

(Paging and idle mode parameters, MO only)
	When, Where and How the UE needs to become reachable for MT data or NW originated CP procedures.
	-
When: Paging windows, No UE reachability (MO only).
	-
Provided by:

-
UE may indicate preference, CN provides to UE and RAN final values

-
Used in:

-
UE, CN and RAN.

-
Affects triggering of procedure:

-
Regular TAU.

-
Paging

	UE Registration Keep-Alive Timer – Periodic TAU.
	Timer for UE to update registration if no signaling has occurred.
	-
0 (no need for keep-alive) to months?
	-
Provided by:

-
CN to UE (UE may request preference)

-
Used by:

-
UE to trigger registration keep-alive.

-
CN to implicitly detach after safeguard time

-
Affects triggering of procedure:

-
Periodic TAU.

	(*):
These columns are meant as guidance and to reach a common understanding. The detailed interim agreements of each parameter are captured separately in this section.


Interim agreements on paging area management:

1.
Depending on MM state, CN paging or RAN paging may be used.

2.
At least for CN paging, existing Tracking Area concept should be baseline of NG system.
-
The CN may receive assistance information from RAN, e.g. similar to Recommended list of cell IDs/RAN nodes concept of E-UTRAN/EPC, for paging optimization. This is transparent to UE.

3.
For RAN pagingCN may provideassistance information to AN.

Editor's note:
The necessity and the detailed procedure of RAN paging is RAN WG decision.
4. The MM registration area is the same as the paging area received by the UE and has the granularity of a tracking area.
Interim agreements for UE reachability management are as follows:

1.
The RAN-level paging maybe triggered by RAN while UE is in CN-CONNECTED mode.
2.
Upon successful registration, the network may keep the UE in CN-CONNECTED mode.
3.
The NW decides on which mobility procedure (e.g. paging) should be used or not based on received preferences from the UE on requested features, and also based on subscription and local policy.
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