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1. Discussion

1.1 Current Status

In Rel-13 SA2 and RAN3 pursued an optimisation that would restrict the paging area by providing to the CN (MME) a set of recommended cells and eNBs for paging. The CR was approved in SA2#110 (S2-152683). 

The solution works as follows: 

· The eNodeB in S1 release may include the Information On Recommended Cells And ENBs For Paging in the S1 UE Context Release Complete message. If available, the MME shall store this information to be used when paging the UE.  
· If the Information On Recommended Cells And ENBs For Paging is available in the MME, the MME shall take that information into account to determine the eNBs for paging and, when paging an eNB, the MME may transparently convey the information on recommended cells to the eNB. 
This solution was designed to be used for both MTC and non-MTC UEs but it has not considered the use of UEs that use efficient small data mechanisms to transmit data. Depending on the solution for efficient small data the UE may never establish S1 connection (therefore it cannot release it to send the information on recommended cells and eNBs). Even if the solution selected can be adapted to provide last RAN node and recommended cells to page to CN, when the UE is not static, given it will connect rarely to the network the sample of data in RAN will not be significant and therefore it will not be possible to have a successful paging attempt in the paging area indicated in the recommended cells and eNBs to page. 
Observation 1: The rel.13 solution for paging enhancements using the “Information on recommended cells and eNBs for paging” is not appropriate when efficient small data is used and the UE connects rarely to the network.
For CIOT though it is important to optimize the paging area since it is desirable in order to reduce UE signaling and power consumption the UE to be registered in an as much as possible large TA list, therefore if the CN does not have a knowledge of the UEs paging area it would need to page all the TAs included in the TA-list and waste resources. 
Observation 2: It is desirable to register the UE in large TA-list in order to reduce UE signalling and power consumption. It is therefore important if CN can have knowledge of the UEs approximate paging area in order to optimise paging resources.
In order to resolve the two issues mentioned it is proposed that “UE assistance” is a good way forward to optimize the paging area. In SA2#110 solution 8 was agreed and is included in TR 23.720. 
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Figure 1: Signalling flow of solution 8
This solution in our understanding works in the following way: 

· UE indicates ‘cell based area update’ capability to MME during the Attach/TAU procedure.
· MME can determine the applicability of ‘cell based area update procedure’ based on the subscription info (e.g. stationary).
· When the MME accept the ‘cell based area update’ procedure of the UE, the MME can provide optional parameter Max_Cell_N value. The UE is allowed to report multiple cells ‘Paging area’ within the range, to avoid frequent cell change report.
· UE performs cell based area update procedure if the service cell is changed. When the UE receives ‘Max_Cell_N’, UE may derive ‘Paging area’ and the Paging area is comprised of neighbouring cells excluding serving cell. UE reports this Paging area along with serving cell during cell based area update procedure. The UE is not required to perform cell based area update procedure if the UE moves within the previously reported “Paging area” and serving cell info.
· Then the MME maintains the paging area which is comprised of reported serving cell and Paging area previously reported by the UE. The MME limits paging to the paging area for the UE.
This solution assumes that the UE would perform TAU if the UE gets out of the paging area. It is therefore not appropriate for “non-stationary” UEs since it will significantly increase the TAU signaling when the UE moves out of the paging area. 
1.2 Utilise UE history info provided in AS (RRC)
In this section we propose a solution that can resolve the deficiencies mentioned above and is largely based on UE providing “UE history mobility info” that is supported already in RRC (see clause 5.6.11 of TS 36.331). 
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Figure 1: Reducing the paging area by utilising UE mobility history info
The procedure based on the signaling required for efficient small data solution 2 of TR 23.720 would work in summary as follows: 
· UE in RRC Connection Setup Complete in addition to the small data message indicates that it has to send Mobility History Info
· The RAN node stores the IP data message and indicates to the UE to send the Mobility History Info
· The UE sends the Mobility History Info 
· The RAN node receives the mobility history info from the UE and deduces the eNB addresses or even potentially expands the list of cells including e.g. neighbor cells. The RAN node includes the “Information On Recommended Cells And ENBs For Paging” on in the S1 Initial UE message. 
· If available the “Information On Recommended Cells And ENBs For Paging”, the CN shall store this information to be used when paging the UE in a similar way to the rel.13 solution
In order to reduce the amount of data the UE sends every time, it can report initial set of data in Mobility History Report and then send deltas in subsequent messages  to reduce the size of messages OTA or not indicate CIOT mobility history indication if there are no changes in the mobility history info it has just reported. 
The advantage of this solution is that the information is only sent when the UE has to send data to the network e.g. uplink data or TAU in this respect it does not add any significant extra power consumption overhead. The solution also for the CN node (e.g. C-SGN or MME) is the same like the one agreed recently for TEI13 (in S2-152683). 
2. Proposal 
It is also proposed to capture the solution described in clause 1.2 of the discussion in TR 23.720.
>>> Start Changes<<<
6.8
Solution 8: Cell based paging area update for efficient paging area management
6.8.1
Description

The main idea of this solution is to provide accurate cell info (e.g. change of serving cell when the UE is in idle mode) to allow the Core Network to limit the paging area to only cell(s) that the UE exists actually. The proposed "Cell based area update" procedure is applicable to no/low mobility UEs based on negotiation between UE and Core Network (e.g. MME). The UE applying 'Cell based area update' should report the change of serving cell to Core Network while UE is in idle mode. In order to reduce the frequent report of cell change, the UE can report additional cell list depends on network configuration.
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Figure 6.8.1-1: Procedure of Cell based area update determination

1.
An UE indicates 'cell based area update' capability to MME during the Attach/TAU procedure.

2.
Then MME can determine the applicability of 'cell based area update procedure' based on the subscription info (e.g. stationary).

3.
When the MME accept the 'cell based area update' procedure of the UE, the MME can provide optional parameter Max_Cell_N value. The UE is allowed to report multiple cells 'Paging area' within the range, to avoid frequent cell change report.

4.
UE performs cell based area update procedure if the service cell is changed. When the UE receives 'Max_Cell_N', UE may derive 'Paging area' and the Paging area is comprised of neighbouring cells excluding serving cell. UE reports this Paging area along with serving cell during cell based area update procedure. The number of cells for the Paging area should not exceed 'Max_Cell_N'. The 'Paging area' can be overlapped cell(s). The UE is not required to perform cell based area update procedure if the UE moves within the previously reported "Paging area" and serving cell info.


Then the MME maintains the paging area which is comprised of reported serving cell and Paging area previously reported by the UE. The MME limits paging to the paging area for the UE.

Editor's note:
How to support the cell based area update procedure for low mobility UE is FFS.

Editor's note:
The interaction between the cell based area update procedure and the Tracking Area Update procedure is FFS.
6.8.2
Impacts on existing nodes and functionality
Impacts on UE:

-
Support cell based area update procedure, indicating the capability during Attach/TAU
-
New TAU trigger when the UE moves out of the paging area
Impacts on CIoT RAN:

-
No impacts for this issue.

Impacts on MME:

-
Support cell based area update procedure. Maintaining the paging cell list which is provided by the UE and limiting the paging to the cells for the UE.

6.8.3
Solution Evaluation

Editor's note:
Use this clause for evaluation at solution level. Evaluation at key issue level is done in a separate clause.
This solution requires the UE to perform TAU when it moves out of the “paging area” and therefore it impacts the UEs power consumption by introducing extra signalling,
>>> Next Change<<<
6.x
Solution x: Solution for determining the paging area utilising UE provided mobility history info

6.x.1
Description
Editor's Note: Describe the solutions. First Sentence should list solution corresponds to which key issue #. Sub-clause(s) may be added to capture details, procedural flow etc. 

This solution corresponds to key issue 4 – “Support of efficient Paging area management for Cellular IoT”.
This solution is largely based on UE providing “UE history mobility info” to RAN that is supported already in RRC (see clause 5.6.11 of TS 36.331). It assumes that the UE will collect and store mobility history info data while in idle mode and send it to the RAN when requested.
[image: image4.emf]UE

RAN 

node

C-SGN P-GW

1. RACH preamble

2. RACH response

3. RRC 

Connection 

Request (S-TMSI, 

small data ind.)

4. RRC Connection 

Setup

5. RRC 

Connection 

Setup Complete 

(S-TMSI, KSI, IP 

packet, 

CIOT Mobility 

History ind.)

8. Init. Message (S-

TMSI,KSI, IP packet, 

Recommended 

Cells And ENBs For 

Paging)

9. GTP-U (IP packet)

10. C-SGN stores the UEs 

Information On Recommended 

Cells And ENBs For Paging 

11. MT data

12. Paging 

(Recommended 

cells)

C-SGN pages first in C-BSs and cells 

based on Information On Recommended 

Cells And ENBs For Paging 

...After some time...

6. UE Info Req.

7. UE Info Resp. 

(Mobility history 

or delta)


Figure 6.x.1-1: Reducing the paging area by utilising UE mobility history info

The procedure described is based on the signalling flow required for efficient small data solution 2 of TR 23.720 would work in summary as follows: 

1-4. As in solution 2 in clause 6.2 of TR 23.720.

5. UE in RRC Connection Setup Complete in addition to the small data message indicates that it has to send Mobility History Info

6. The RAN node stores the IP data message and indicates to the UE to send the Mobility History Info

7. The UE sends the Mobility History Info it has collected while it was on idle mode. In order to reduce the amount of data the UE sends every time, it can report initial set of data in Mobility History Report and then send deltas in subsequent messages  to reduce the size of messages OTA or not indicate CIOT mobility history indication if there are no changes in the mobility history info it has just reported. 

8. The RAN node receives the mobility history info from the UE and deduces the eNB addresses or even potentially expands the list of cells including e.g. neighbor cells. The RAN node includes the “Information On Recommended Cells And ENBs For Paging” on in the S1 Initial UE message. 
9. As in solution 2 in clause 6.2 of TR 23.720.
10. If available the “Information On Recommended Cells And ENBs For Paging”, the CN shall store this information to be used when paging the UE in a similar way to the release 13 solution described in TS 23.401 [8].
6.x.2
Impacts on existing nodes and functionality
UE:

-
Collects and sends UE mobility history info while in idle mode

RAN

- 
Deduces the eNB addresses from the UE provided mobility history info or even potentially expand the list of cells including e.g. neighbor cells
-
Populates and send the “Information On Recommended Cells And ENBs For Paging” on in the S1 Initial UE message
Core Network 

-
Follows the same procedures for “Information On Recommended Cells And ENBs For Paging” on in the S1 Initial UE message as in TS 23.401 [8]

6.x.3
Solution Evaluation

Editor's Note:
Use this section for evaluation at solution level. Evaluation at key issue level is done in a separate clause.
The advantage of this solution compared to solution 8 is that the information is only sent when the UE has to send data to the network e.g. uplink data or TAU in this respect it does not add any significant extra power consumption overhead. The solution also for the CN node (e.g. C-SGN or MME) is the same like the one agreed recently for TEI13 (in TS 23.401 [8]). 
>>> End of Changes<<<
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