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1
Introduction

According to mobility management work task #3 description agreed in SA2#115 meeting, there are 7 sub-tasks to be solved:
	Work Task ID
	Work Task(s)
	Work Task Description

	MM_WT_#3
	UE Mobility levels
	1 What type of resources will be saved both on the network and the UE?
2 Define the different UE mobility levels (e.g. high, medium, low, or none) to be supported on the NextGen system.

3 How to determine the level of mobility support required e.g. by what characteristics/method, which criteria, and how to transition between different levels?

4 How to obtain the information in order to determine the appropriate level of mobility of the UE?
5 What criteria will be used to transition between the different mobility levels?

6 How to save resources for UEs that do not require full mobility? 
7 How to enable operators to update the level of mobility support provided for UE?
NOTE: There may be interactions with the RAN working groups.


These work tasks can be categorized into two parts:

· Part 1, Mobility level related: sub-tasks 2, 3, 4, 5
· Part 2, Mobility support related: sub-tasks 1, 6, 7
During in the last email discussion, it is accepted to discuss mobility level related sub-tasks first. Then we will tackle part 2.
After the SA2#116 meeting, we have following interim agreements, including:

-
The subscription data may include information which can be used to determine the UE mobility level.

-
UE mobility level is determined by core network based on information such as UE subscription, UE capabilities, UE location, and/or network policies.

-
UE mobility level can be changed, if it is allowed (e.g. the UE supports this change), due to, e.g., subscription, location, and/or policy change. In addition, UE mobility level can be updated during a mobility management procedure

Based on the discussion in SA2#116 and achieved agreements, it is proposed to revisit the unsolved issues in this email discussion. Based on the outcome of this email discussion, interim agreements may be expended.
Cut-off date for discussion: August 18th, 2016
2.
Discussion on unsolved issues related to mobility levels
The unsolved mobility level related issues are listed below as well as analysis on them. If you think other issues in the scope of mobility level need to be discussed as well, please send them out.
Q1. The exact meanings of the terminologies like “mobility level”, “level of mobility” and “level of mobility support”. Are clear definitions for them needed?
Description:
These terminologies are widely used in current TR 23.799, but different companies have different understanding on their meanings, some companies even have confusion on them (such comments was raised in the last SA2 meeting), which hinders the convergence of discussion on this topic.
Companies are invited to provide their opinions in the table below.
	Company name
	Comments

	CATT
	We think clear definitions of these terminologies will be helpful.
The meanings of “mobility level” and “level of mobility” are same, which implies the characteristics of UE mobility, e.g. how far a UE can move. Thus, we suggest using “mobility level” to replace “level of mobility”.

The “level of mobility support” is to describe what kind of mobility management and/or session management is provided by the network.

	AT&T
	AT&T has not restricted usage of these terms strictly to the traditional use of the term “mobility management” in 3GPP/SA2. AT&T uses “mobility level” etc.  as terms that encompass network wide optimizations based on UE mobility level. So we consider this discussion to be also part of the network wide optimizations for example for fixed UEs and other deployment scenarios. Additionally
the UE mobility level as discussed below in our view maybe permanent UE behaviour and system should not consider it to be always dynamic.

	MediaTek
	In the current TR “mobility levels” / “levels of mobility” / “levels of mobility support” are interchangeable. A number of solutions in TR23.799 refer to mobility levels (no/low/high, no/limited/unlimited, no/restricted/unrestricted...) as being subscribed to – this is clearly out of scope. 
MediaTek’s view is that the studies ought to focus on minimizing signalling for stationary UEs, UEs with known patterns of mobility and UEs involved in MO-only communications and NOT on imposing subscription or UE capability restrictions to mobility (unless the UE is accessing the system via a fixed, wired access). The network should be able to enforce mobility restrictions per PLMN/RAT/location area.

	LGE
	If we conclude that mobility level is almost same as restriction of mobility/service area (limited, unlimited), then we prefer to use different term (e.g. mobility restriction level?) rather than mobility level. Since people might be confused that the mobility level also stands for level of mobility speed.

	CMCC
	A common and clear definitions of terminologies MUST be defined to progress the work. Otherwise, people may have different understanding on the problem. 

Current definitions and solution discussion on mobility level mixed the “restriction” and “optimization”. We are not fully clear on the motivation of “restriction” of mobility yet but we agree with the requirement on “optimizing” the mobility mechanism under some scenarios.

	Sony
	Definitions that articulate the difference between Restrictions on the UEs allowed mobility, Support for Mobility in the network, and UE mobility behaviour is needed. The terms used today does not meet the need. The terms above either needs to be expanded e.g. “UE mobility level” to “UE mobility level restriction” or rephrased.

	Ericsson
	At least, clear terminology within each solution is needed. There is a difference between how a UE is allowed to move vs. how the UE moves. Both aspects are important and needs to be supported by the system.

	Qualcomm
	Yes. Clear definitions are needed.

UE's actual mobility cannot be controlled, as even a stationary UE could be moved as far the network is concerned, e.g. due to changing radio conditions. The control parameter discussed here is rather "authorized mobility level" decided by the network. It should be used to help restrict the MM operation/signalling. 

Therefore, the actual value of this parameter (and also the next question on how many levels) depends on what kind of optimization we want to achieve by using this control parameter (at both CN and UE). 

At the NG CN side, the Mobility Level could be used to decide the "size of the area where the UE is tracked" (i.e. TAI list). It is however unclear if there is any use of the "Mobility Level" at UE side. Currently, UE's behaviour can be controlled by the TAI list and periodic TAU timer. This "Mobility Level" does not seem to be useful.

One related control parameter for both NG CN and UE is the behaviour when UE goes out of provided tracking area (TAI list). For example, is MM (location update, IDLE-CONN transition, etc.) allowed out of the designated area? A few possible examples could:

- Hard area control, i.e. MM not allowed outside of the area. Re-attach may be performed. 

- No area control, i.e. normal behaviour that triggers TAU. 

We need to discuss and clarify the use cases or advantages to warrant those, i.e. the needs of this control, and how it differs from existing mobility restriction mechanism.  
This "behaviour" control, if decided needed, is useful for UE. But in the current solutions/discussions, it seems to be mixed with the "Mobility level". It should be separated and named differently to avoid confusion. 

On the other hand, the "MO only mode" support is also an orthogonal control parameter and should be split and discussed separately, as it does not depends on UE mobility (level).  

	USDOC
	!.  Mobility of 5G/NextGen infrastructure (New Radio RAN, NG CN) seems to need consideration in study of the MM topic.  Mobile 5G/NexGen infrastructure is required to support critical communications including mission-critical communications.
2.  MM involving support of Isolated NR RAN (e.g., like IOPS for LTE) may need to be studied from the SA2 perspective, although it could clarified that such a topic be studied as part of the phase 2 NextGen architecture specification effort (like the NextGen architecture topics of group communication, relay communication, and off-network communication).

	Huawei
	The clear definition is really needed to progress the work.
Now the solutions in the TR are more related with the mobility/access restriction. We need give clear terminology for the corresponding solutions.

Access restriction is just part of Mobility management. We need consider the other dimensions for the general MM.


Email convenor’s summary:

[to be provided at the end of email discussion]
 The definition of the terminology “mobility level” is needed, at least in each solution. While defining the term, the relation between “mobility level” and “area/mobility restriction” needs to be considered.
Regarding mobility of 5G/NextGen infrastructure, it may need to be researched by SA2, but is out of scope of this email discussion, isn’t it?
Q2. How many mobility levels are needed? And what are they? 
Analysis:

Current solutions defining “mobility levels” are identified as shown below, they all define three mobility level, and all of the definitions are based on restrictions/limitations on allowed geographical area (if accessing network via fixed point/line can also be deemed as a kind of restrictions/limitations on geographical area, e.g. coverage area of a fixed point).
Mobility class defined in solution 6.3.9 (Ericsson) : 

A.
Unlimited (or high) mobility
No (or minor) restrictions upon the allowed geographical area e.g. used by MBB users.

B.
Low mobility
The allowed geographical area is limited e.g. used for stationary subscribers. The size could e.g. be limited to 5 TAs.

C.
No mobility 

The allowed geographical area is limited e.g. used for users accessing the network only via a fixed point (having their own access network with possible mobility). The size could e.g. be limited to 1 TA.
Mobility categories defined in solution 6.3.11 (TIM):

-
No mobility: the UE is connected to the  NextGen Core Network by means of a fixed line, a residential gateway or a WLAN hot spot with a wired or a wireless backhaul. The key point is that devices connected to the mentioned accesses are not capable or allowed to execute inter-system mobility procedures, i.e. they cannot leave such accesses without losing connectivity with the NextGen Core Network.

-
Restricted mobility: the allowed geographical area (e.g. a set of tracking areas) is limited and known by the UE (by means of pre-configuration and/or signalling), i.e. the UE is permitted to move only within the allowed geographical area. 

-
Unrestricted mobility: no restrictions upon the allowed geographical area, i.e. the UE can move everywhere.

Mobility level defined in solution 6.3.14 (CATT):
-
No mobility: the UE is static or quasi-static and can only access the network via a fixed access point, which implies no TA change.

-
Limited mobility: the UE moves within a pre-configured “allowed geographical area”, e.g. a list of TAs.
-
Unlimited mobility: UE is free to move across geographic areas, i.e. no “allowed geographical area” pre-configured to UE.
Mobility levels defined in solution 6.3.15 (InterDigital):
-
Stationary (Uplink (UL)/Bidirectional (BD)): UE connectivity is provided through a fixed Access, where “fixed access” can be characterized as an access point which location never changes (regardless of whether the connection is wireless or wired).
-
Limited  (Uplink (UL)/Bidirectional (BD)): UE connectivity is provided on a limited area that can range from one to many access points (e.g., from a cell level to a collection of tracking areas).
-
Full (UL/Bidirectional) A UE operation under Full Mobility Level and under “UL” connectivity mode is not required to execute reachability update procedures and neither Area Update procedures as long as it remains within the boundaries of the PLMN.
In “Solution 3.16: Limited & Unlimited UE mobility level” (LGE): 

-
Limited mobility:

the UE moves within a pre-configured "allowed TA(s)",


-
Unlimited mobility:
UE is free to move across geographic area.
In “Solution 3.17: Support for Idle Mode Mobility capabilities” (Nokia), the defined IMM capabilities is another concept, as it can be applied independent of mobility level.
Companies are invited to provide their opinions in the table below.
	Company name
	Comments

	Bell Canada
	There is a subtle requirement in the “Stationary” use case, this does not preclude access to only one cell sector, as there may be redundancy requirements, in this case a stationary UE would need access to several sectors, yet not be moving.

	CATT
	At least three mobility levels are needed based on current solutions, including:

No mobility: UEs accessing network via a fixed line or fixed access point.

Limited/restricted/low mobility: UEs move within an allowed/limited geographical area.

Unlimited/restricted/full mobility: no restrictions on geographical areas that a UE can move.

	AT&T
	Agree with CATT 

	MediaTek
	Without a clear definition and a single understanding of what a mobility level actually *is*, discussing how many such levels are needed is very odd. We would also like to stress that unless a UE is accessing the system via a fixed wired access, there is no such UE as a “No mobility” UE (not even a stationary UE)

	LGE
	In our view, mobility level is very similar concept with mobility restriction (limited, unlimited). Also on the "no mobility", we have similar view with MediaTek.

	CMCC
	At least two types of mobility level need to be defined: full mobility for mobile UE and no mobility for fixed UE (maybe better term than “mobility” need to be find to avoid confusion).
For the mobility levels in between, it may be defined to optimize the MM.

	Sony
	In order to decide how many levels are needed, we first need to agree on what we need these levels for. How does the levels impact the MM signaling? We believe that this cannot be done until we have clear definitions.

	Ericsson
	6.3.9, 6.3.11, 6.3.14 and 6.3.15 are very similar. Reachability (e.g. TAI list and paging optimizations etc) is a related but still separate topic which should be handled separately from the mobility levels.
With a framework that allows the system to define any allowed/not-allowed area the “mobility levels” for allowed/not-allowed area could be dynamic and the number of mobility levels could be used to give the operator a more user friendly way to define/construct subscription packages and
makes it possible, between operators in roaming scenarios, to agree upon correct charging level at accounting (SLA).

	Qualcomm
	As discussed above in last question, the "Mobility Level" depends on the definition. It is not helpful to discuss the number of levels before the concept is clarified.  

	USDOC
	See Q1 comment.

	Huawei
	First need to sort out the definition of mobility level.

For the mobility/access restriction, it is largely fine to go with the fixed, limited, unlimited….


Email convenor’s summary:

[to be provided at the end of email discussion]
As long as the term “mobility level” is defined, the specific mobility levels can be determined, candidate mobility levels include no mobility, limited/low mobility, and unlimited/full mobility.
Q3. While defining mobility levels based on “allowed geographical area”, what is the finest granularity of the allowed area? e.g., per cell or per TA.
Description:

If “allowed geographical area” is used to differentiate mobility levels, it is necessary to define the finest granularity of the area.
Companies are invited to provide their opinions in the table below.
	Company name
	Comments

	CATT
	For “no mobility” UE accessing network via a fixed access node, no handover or TAU procedure is expected, thus the coverage area of this fixed access node will be the finest granularity of the allowed area.

In other case, from SA2 perspective, per TA is enough since the core network can not track UE with area granularity finer than a TA.

	AT&T
	Agree with CATT

	MediaTek
	Location area to be the finest granularity. There is no such UE as a “no mobility” UE except a UE accessing the system via a fixed wired access – in this case the notion of cell is N/A.

	LGE
	For limited/restricted mobility level, TA granularity is enough.

	CMCC
	No specific view on this.

	Ericsson
	Per TA.

	Qualcomm
	This relates to the design of the NG RAN as well. 

The control based on TA (TAI list) may be needed due to legacy support. 

However, NG RAN and eLTE may have different type of control (e.g. due to the RAN paging being discussed there, etc.)

	USDOC
	See Q1 comment.

	Huawei
	Agree with QC, it is largely related with the RAN design for the location tracking.


Email convenor’s summary:

[to be provided at the end of email discussion]
The finest granularity of the allowed area for “no mobility” UE is FFS.
Possible agreements:

1. Per TA is the finest granularity while the network allocating an “allowed geographical area” to a “limited/low mobility” UE.
Q4. What are the possible transitions between different mobility levels? and how to trigger each transition?
Description:

It is agreed in the last SA2 meeting, “UE mobility level can be changed, if it is allowed (e.g. the UE supports this change)”. Therefore, it is proposed to identify the possible transitions between different mobility levels, e.g.:

“limited/restricted/low mobility” to “unlimited/unrestricted mobility”, and vice versa;
For each possible transition, it is also proposed to clarify how to trigger this transition, i.e. based what information, the network determine this transition, and how network obtains this information.
Companies are invited to provide their opinions in the table below.
	Company name
	Comments

	CATT
	Possible transitions among different mobility levels include:

1) Limited mobility -> Unlimited mobility:

A “limited mobility” UE moves out of the allowed TAs, it shall send a TAU request to the network. The network determines whether the mobility level of this UE needs to be updated, if yes, the network will update the mobility level for the UE and notify the UE with a new allocated TAI list, otherwise, the network will reject the request with an appropriate cause code indicating no more signalling is expected.

2) Unlimited mobility -> Limited mobility:

When the network detects a UE in “unlimited mobility” level enters into an area/TA which is within the allowed TA list (e.g. stored in the subscription data), the network can determine this UE is in “limited mobility” level and notify this UE of the allowed TA list during the next MM signalling procedure.

	AT&T
	We also envision a class of fixed UEs with no mobility and where no mobility level transition is required or supported.

	MediaTek
	Mobility restrictions can be configured and modified by signalling. Without a clear definition of what a “mobility level” is, it is very hard to understand what a change of mobility level actually means.

	LGE
	Agree with MediaTek.

	CMCC
	Tends to agree with AT&T, MTK 

	Ericsson
	The NG CN may trigger an update of the Mobility level at any time but the allowed area(s) are only provided to the UE when the NG CN anyway signals to the UE e.g. when connecting to the network. The UE shall not be paged solely due to change of Mobility level.

	Qualcomm
	This relates to the main concept of mobility level, and what needs to be made known to the UE. 

It should be discussed after those are clear.
In general, it should be possible to allow a change of the control parameters, and also a way to inform the UE of any changes. 



	USDOC
	See Q1 comment.

	Huawei
	Agree with MediaTek.


Email convenor’s summary:

[to be provided at the end of email discussion]
Possible agreements:

1. No mobility level transition is required for “no mobility” UEs.
3
Summary and Proposal
As the outcome of this email discussion, the following is proposed.
[to be provided at the end of email discussion]
It is proposed to.capture the following interim agreements into section 8.4:

-
The core network needs to configure an “allowed geographical area” to a “limited/low mobility” UE, where the finest granularity of the “allowed geographical area” is per TA (tracking area).

-
No mobility level transition is required for “no mobility” UEs.

Remaining issues:

1. The general concept of the terminology “mobility level” is still FFS.

2. The finest granularity of the allowed area for “no mobility” UE is FFS.
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