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1. Introduction

In current LTE/UMTS, for mobile terminated calls, the MME pages all the tracking areas associated with the UE. This creates inefficiency when the UE actually moves only within a cluster of cells (e.g., MTC tracking device on a bulldozer at the construction site), which is a much smaller area than all the tracking area (TA’s) associated with the UE. The current design of paging and TA cannot be customized to a specific UE based on the known mobility characteristics of the UE.

One enhancement described in TR 23.888 is the MME may page the UE in two steps. First, page the UE in the last cell it performed TA update and if there’s no response, the MME will then page tracking areas associated with the UE. However, even for a completely stationery UE, the UE may select different cells to camp on from time to time, so the UE may not be in the last cell it registered in. If the UE has some mobility, there is a fair chance the UE is not in the last cell it registered in when it’s paged.
2. Enhancement
For a MTC device with low or zero mobility, if the device can notify the MME which neighbour cells it detects, the MME could just page those cells first with a very high probability of locating the device. This reduces the paging area significantly, which improves DL capacity. Note that even for zero mobility device, due to varying radio conditions, it’s possible the UE may select different cells at any given time so only paging at the last cell the UE registers at may not be the optimal solution.
3. First Order Analysis
Let’s do some simple first order analysis to show the magnitude of the potential gain. Since a lot of these variables below are highly variable and it’s hard to agree to a fixed value, we try to use some typical values.
Assume the following:
1) Each TA covers 20 cells

2) UE is located close to the centre of the cell and it moves around only within a single TA

3) The UE on average will see 3 or 4 cells when it’s moving (or even when it’s stationery)

When the MME needs to page the UE, assume current paging without any enhancement, the MME will need to page an area that is equivalent to 20 cells. With the proposed enhancement, the MME will only need to page 4 cells. So the paging load reduction is (20 – 4)/20 or 80%.
Assume the enhancement of having the MME page the UE at the last cell the UE registered, the UE will be indeed in the last cell with probability of ¼, in which case the MME will reach the UE in one-step paging. However, ¾ of the time the UE will actually not be in the last cell it registered, in which case the MME will need to page the whole TA (20 cells). So on average, expected area of paging = (1/4) x 1 cell + (3/4) x 20 cells = 15.25 cells.

So with the proposed enhancement, the paging load reduction is (15.25 – 4)/15.25 or 73.8%.
The above analysis assumes the UE associates with only one TA. If it does (e.g., the UE is at the boundary between two or more TA’s), the gain will be proportional to the number of TA’s the UE associates with.

4. Proposal 
We propose to capture in TR 23.888 as an additional optimization for low mobility key issue that the UE notifies MME about the neighbouring cells it detects so MME may page the UE only in those cells for mobile terminated calls.

The following are the text changes proposed to 3GPP TR 23.888

=================================================================================

First change

5.5.3
Solutions

5.5.3.1
Solution 1: Paging within configured area

5.5.3.1.1
General
For MTC devices that do not move frequently or move only within a small area, the paging area (e.g. TAI, CGI, ECGI) is configured in the HLR/HSS as a part of the subscription of the MTC subscriber. The SGSN/MME stores the paging area as part of the subscriber data as received from HLR/HSS.

During the mobile terminated service, the SGSN/MME pages the MTC Device within the specific area. The configured paging area is assumed to be smaller than typical paging areas for other UEs. Thereby paging traffic can be reduced.
An issue might be needed for reconfiguring subscription data when the network reconfigures some cells or the MTC Device is roaming.
5.5.3.1.2
Impacts on Existing Nodes

5.5.3.2.
Solution 2: Paging stepwise

5.5.3.2.1
General
For the MTC Device with low mobility, the SGSN/MME stores the RAI/TAI(s) like for any other UE and in addition the last known cell (i.e. CGI/ECGI) or last known service area (i.e. SAI) as provided by RAN in S1/Iu/Gb signaling. For low mobility MTC devices the MME preferentially includes only one TAI for TAI List in the accept message.

During the mobile terminated service, the SGSN/MME may page stepwise, e.g. first in the last known cell (i.e. CGI/ECGI) or last known service area (i.e. SAI) and if there is no response the SGSN/MME pages the MTC Device in a wider area, i.e. within the RAI or TAI List allocated to the MTC Device.
5.5.3.2.2
Impacts on Existing Nodes
5.5.3.3.
Solution 3: Paging within reported area

5.5.3.3.1
General
For the MTC Device with fixed location (i.e. not move normally), which can be deduced by the SGSN/MME when receiving the same area identifier (e.g. CGI, ECGI, SAI, RAI or TAI) via S1/Iu/Gb signalling during a predefined period or receiving a explicit report from the MTC Device. The SGSN/MME stores the area identifier and pages the MTC Device within the specific area.

When the MTC Device moves (e.g. for maintain purpose), the SGSN/MME detects the moving and pages within the new area which is reported by RAN or by the MTC Device explicitly.

5.5.3.3.2
Impacts on Existing Nodes

5.5.3.3.
Solution 4: Paging within reported cells
5.5.3.3.1
General
For the MTC Device with low mobility, the UE notifies the SGSN/MME a set of cells the UE has detected when performing tracking area updates. The SGSN/MME stores the set so when it pages the UE in the future, it may page the UE in those cells first before paging the UE in a larger areas.
During the mobile terminated service, the SGSN/MME may page stepwise, e.g. first in the set of cells reported by the UE and if there is no response the SGSN/MME pages the MTC Device in a wider area, i.e. within the RAI or TAI List allocated to the MTC Device.

5.5.3.3.2
Impacts on Existing Nodes
SGSN/MME needs to be able to receive the cells reported by the UE and store the cell information.
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