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Abstract of the contribution: This contribution provides an analysis of the legacy registration area concepts and providing analysis of the new proposals in context of the NextGen study in SA2. 
1. Introduction
Different concepts of UE registration areas are documented in relation to different Key Issues:

Solution 6.3.11: Solution for dynamic mobility management. This is a solution to Key issue 3: Mobility framework, MM_WT_#3, in particular related to the issue "6. How to save resources for UEs that do not require full mobility?"

In this solution, both an approach that uses the traditional TAs and an approach that uses UE specific cell lists is described with the expectation that a choice will be made for the normative phase. 
Solution 6.3.23 Two layers Tracking Area handling. NextGen system is required to support efficient resource management with regard to different mobility characteristic such as no/low mobility and medium/high mobility. In this solution two layers Tracking Area concept for NextGen system is introduced.
Solution 6.3.27 Multiple level Tracking Areas handling. In this solution multiple level tracking areas are introduced for mobility management.
Before any decision can be taken to introduce any of these solutions into the NextGen it needs to be understood what benefits and drawbacks they provide in comparison to the existing legacy mechanisms.
2. Discussion

2.1. Legacy support for optimized tracking&paging in CN Idle
LTE supports a flexible way of configuring Tracking Areas and assigning these as a single TA or a list of TAs to a UE. To match subscriber’s mobility pattern different TA Lists can be assigned e.g. dependent on the time of the day, day of the week, UE location etc. Applying hysteresis enables creation of a soft overlap, e.g. by keeping the old TA on the list, so that if UE moves back no signalling is needed. E.g. UE is in TA B, UE is assigned TA A and B, UE moves to TA C, network Assigns B and C (i.e. removes A, but keeps B). 
Observation 1: Legacy TA List concept provides means for efficient UE tracking functionality.
Assigning small TA can be used to track UEs e.g. when there is interest to have an alarm trigger for stolen goods, though given that cell configurations can dynamically change it deems that using applications based on GPS coordinates is probably a better suited solution to such use case. It can also be used to limit the paging load on the radio interface. However, that approach might be generating an undesired signalling load from TA updates. The solution lies in assigning a TA List or a larger TA that covers the anticipated mobility. There are no known high signalling load incidents from TAUs in live networks that would indicate the need for new solutions. To further reduce the paging load and while maintaining low TAU triggered signalling by allowing TA List approach, effort has been spent in the Rel-13 on introducing paging enhancements, where significant paging load reduction is achieved.

A significant reduction of paging load was already achieved when paging in the last connected eNodeB was introduced. To our knowledge, since then no reports of too high paging load has been received from live networks. To understand the complete picture it shall be understood that majority of the transactions are MO.

Observation 2: Since introduction of paging in last connected eNodeB the paging load reduced significantly, i.e no paging congestion is observed.

As aforementioned, Rel-13 paging enhancements went beyond the paging of last connected eNodeB approach. The concept is based on eNodeB compiling a list of cells and eNodeBs that are candidates for paging, storing that information in the MME and receiving it from MME at next paging event over the S1 interface.
The information is compiled based on UE’s location when in connected, UE history info provided between different eNodeBs at inter-eNodeB mobility as well as UE mobility history info that can be retrieved from the UE. The latter includes detailed, cell level information regarding cells the UE was served by when connected as well as cells the UE camped on when in idle. Furthermore, eNodeBs are aware of the topology and the neighboring relations between cells and thus can add cells that are potential candidates for the UE to camp on due to the overlapping coverage. Building the list of cell candidates for paging by exploiting all this information sources has obvious potential to further reduce the paging load. See Annex A for details on the used information. Further evolution of this concept in context of NextGen should be considered.
Observation 3: Release-13 paging enhancements provide a high level of granularity concerning the knowledge about the UE’s location that further reduces the paging load.
As outlined above legacy tools are available to find a balance between low TAU driven signalling while at the same time keeping the paging load at a very low level. No indications from the live networks are known that signalling a list of 16 TAs is a problem.
Observation 4: Signaling of 16 TAs as a TA List is not being identified as a problem in live networks.
2.2. Proposed new solutions
2.2.1. Solution 6.3.11: Solution for dynamic mobility management
Like the concept of the ‘list of cell candidates for paging’ (see section 3) solution 6.3.11 is based on a cell list. The difference is that this cell list is not only limited to reduce the paging load, but also to track the UE. This means that this cell list is provided from the network to the UE. A UE moving in/out of the area described by that cell list will generate signalling load and reduce the UE’s battery lifetime. To be able to compare that approach with the legacy means requires simulation showing compelling quantified benefits.
The solution claims to reduce the paging load as well as the signalling due to mobility. As shown in section 3 and given that the cell lists will be very similar, it can be assumed that no larger paging load reduction will be achieved with this approach compared to the Rel-13 paging enhancements.

Observation 1: Paging reduction based on a cell list will not outperform Rel-13 paging enhancements as the cell list is not based on more information compared to the Rel-13 paging enhancements approach.

The solution claims to reduce mobility triggered signalling load. However, given a UE shall perform TAU in Idle each time it moves out if its shrinked cell list, even when in vast majority of the cases no MT transaction are anticipated, it will increase the mobility triggered signalling load compared to the case where a slightly larger TA or a TA List is assigned. 
Observation 2: The mobility triggered signalling when moving out of the shrinked cell list will be larger than when using a slightly larger TA or even a TA List.
The increased signalling will increase the UE battery consumption compared to having a larger mobility area; battery life is a critical aspect of smart sensors and similar applications, but also common devices like smartphones.

Observation 3: Shrinking mobility area to reduce paging load will increase the UE battery consumption compared to having a larger mobility area and using Rel-13 paging enhancements instead.
The solution proposes that TAI does not need to be broadcast, which will disable ANR as well as routing of handovers in the network.

Observation 3: The new approach disables support for ANR and handover routing through the network.
Furthermore, it assumes that the CN will compile the list of cells which adds additional complexity and burden to the CN which is not aware of cell configurations.

Observation 4: Given that the CN shall compile the cell list, CN is required to be configured with the information about the RAN topology and cell configuration.
RAN configuration is not static but may change due to various reasons, replacing the sites, adding new sites, adding new cells and new carriers, switching small cells on/off. All of this can be dynamically happening during a day, and even more so as small cells are expected to be  more and more prominent (esp. in the context of 5G). This information must be coordinated with the CN as otherwise the cell list will be inconsistent with the true RAN configuration resulting in failed paging attempts.

Observation 5: For the CN to be able to compile the cell list it is required that CN is in real-time updated about any changes to the RAN configuration which is expected to create signalling surge in the network contrary to a primary goal to decrease signalling load.
2.2.2. Solution 6.3.23 Two layers Tracking Area handling
This solution assigns two TAs to a given UE, one when it is static/low mobility and the other one when it is mobile. At transition from static/low mobility to mobile behaviour, the UE performs a TAU informing the network that it now needs to be paged in the TA customized for mobility. The same can be achieved with existing TA List management.
Observation 1: This solution does not provide enhancements compared to the legacy TA List based UE tracking management.
Observation 2: It is also unclear what criteria are used in the UE to use a given TA layer. 

2.2.3. Solution 6.3.27 Multiple level Tracking Areas handling

This solution is re-using TA List concept, however, adding a TA-specific periodic TAU timer concept. Thus a UE configured with a TA List needs to maintain a set of timers when in Idle. The CN will be timer-based informed that the UE camps on some specific TA. That information though might be invalid immediately following the TAU when UE has moved to another TA that is part of the UE’s TA List in which case no additional TAU will be triggered. The benefit from that information is very unclear, it certainly does not reduce the paging load when compared to the Rel-13 paging enhancements nor does it reduce the mobility related signalling compared to legacy TA List approach.

On the other hand it adds additional complexity to the network implementation and configuration where timers for the TAs of a given TA List must be set to different values in order to have the per-TA triggered TAU trigger as described above. It obviously adds UE implementation complexity as well.
Observation 1: The solution adds complexity without reducing paging load nor mobility related signalling load.

3. Conclusions
In this contribution a brief analysis of the well known means to perform:

- efficient UE tracking based on TA List approach minimizing the mobility triggered signalling as well as
- paging load reduction following the Rel-13 paging enhancements concept
has been provided.

Following observations were made:
Observation 1: Legacy TA List concept provides means for efficient UE tracking functionality.
Observation 2: Since introduction of paging in last connected eNodeB the paging load reduced significantly, i.e no paging congestion is observed.

Observation 3: Release-13 paging enhancements provide a high level of granularity concerning the knowledge about the UE’s location that further reduces the paging load.
Observation 4: Signaling of 16 TAs as a TA List is not being identified as a problem in live networks.
Furthermore, new proposed UE tracking approaches documented in the TR were analysed and compared with the properties of the legacy means. Following observations were made on a per solution basis:

Solution 6.3.11: Solution for dynamic mobility management:

Observation 1: Paging reduction based cell list will not outperform Rel-13 paging enhancements as the cell list is not based on more information compared to the Rel-13 paging enhancements approach.

Observation 2: The mobility triggered signalling when moving out of the shrinked cell list will be larger than when using a slightly larger TA or even a TA List.
Observation 3: Shrinking mobility area for the sake of reducing paging load will increase the UE battery consumption compared to having a larger mobility area and using Rel-13 paging enhancements instead.
Observation 4: The new approach disables support for ANR and handover routing through the network.
Observation 5: Given that the CN shall compile the cellist, CN is required to be configured with the information about the RAN topology and cell configuration.
Observation 6: For the CN to be able to compile the cell list it is required that it is in real-time updated about any changes to the RAN configuration.

Solution 6.3.23 Two layers Tracking Area handling

Observation 1: This solution does not provide enhancements compared to the legacy TA List based UE tracking management.
Solution 6.3.27 Multiple level Tracking Areas handling

Observation 1: The solution adds complexity without reducing paging load nor mobility related signalling load.

Based on the analysis and comparison provided in this contribution it is proposed to not further pursue solutions 6.3.11, 6.3.23 and 6.3.27. Furthermore, it is proposed to add a new agreement to use the LTE TA List concept in NextGen and liaise with RAN2 and RAN3 that efficient paging handling shall be based on Rel-13 paging enhancements.
Annex A

From TS 36.413:

9.2.1.105
Information on Recommended Cells and eNBs for Paging

This IE provides information on recommended cells and eNBs for paging.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Recommended Cells for Paging
	M
	
	9.2.1.106
	

	Recommended eNBs for Paging
	M
	
	9.2.1.107
	


9.2.1.106
Recommended Cells for Paging

This IE contains the recommended cells for paging.
This IE is transparent to the EPC.

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Recommended Cell List
	
	1
	
	

	>Recommended Cell Item IEs
	
	1 .. <maxnoofRecommendedCells>
	
	Includes visited and non-visited cells, where visited cells are listed in the order the UE visited them with the most recent cell being the first in the list. Non-visited cells are included immediately after the visited cell they are associated with.

	>>E-UTRAN CGI
	M
	
	9.2.1.38
	

	>>Time Stayed in Cell 
	O
	
	INTEGER (0..4095)
	This is included for visited cells and indicates the time a UE stayed in a cell in seconds. If the UE stays in a cell more than 4095 seconds, this IE is set to 4095. 


	Range bound
	Explanation

	maxnoofRecommendedCells
	Maximum no. of recommended Cells, the maximum value is 16.


9.2.1.107
Recommended eNBs for Paging

This IE contains recommended targets for paging. 

	 IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Recommended eNB List
	
	
	
	

	>Recommended eNB Item IEs
	
	1 .. <maxnoofRecommendedeNBs>
	
	Includes visited and non-visited eNBs, where visited eNBs are listed in the order the UE visited them with the most recent eNB being the first in the list. Non-visited eNBs are included after the visited eNB they are associated with.

	>>Choice MME Paging Target
	
	
	
	The MME paging target is either an eNB identity or a TAI as specified in TS 36.300 [14].

	>>>eNB
	
	
	
	

	>>>>Global eNB ID
	M
	
	9.2.1.37
	

	>>>TAI
	
	
	
	

	>>>>TAI
	M
	
	9.2.3.16
	


	Range bound
	Explanation

	maxnoofRecommendedeNBs
	Maximum no. of recommended eNBs, the maximum value is 16. 
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