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1. Introduction
The latest version of 24.301 specifies that the MME includes a TAI list in the TRACKING AREA UPDATE ACCEPT message. This does not allow the MME to optimize the paging load for different UEs within a tracking area in a mixed deployment where the macro eNBs and pico eNB/HeNBs are deployed together. For this reason Registration mechacnism of the UE for Mixed Deployments is proposed.
Note: The major difference between a pico eNB and an HeNB in this document is that a pico eNB is accessible to any valid UEs while an HeNB allows only a closed group of UEs (CSG) to access it. 
2. Reason for Change
It is a useful optimization to be able to reduce the number of eNBs that page the UE in EMM-IDLE mode in the presence of a mixed deployment of HeNBs and eNBs, for example, a deployment consisting of a low mobility underlay network of HeNBs and Pico eNBs and a high mobility overlay network of Macro eNBs. In such a mixed deployment, the MME would like to page low mobility UEs that for example last registered on a HeNBs in a smaller area than high mobility UEs. 
The proposed optimization is to reduce the paging load in a mixed deployment in the following scenarios: 

· Paging at many HeNBs or Pico eNBs if a UE registers at a Macro eNB

· It is preferable to avoid paging at the underlay network for a UE registered on the overlay network since there may be many HeNBs or Pico eNBs in a single Macro eNB’s coverage.
· Paging at distant Macro eNBs if a UE registers at a HeNB or Pico eNB
· It is preferable to avoid paging at many eNBs for a UE registered at a HeNB or Pico eNB, since the UE is expected to be low mobility.
In a mixed deployment, there should be many EMM-IDLE mode handovers from the underlay HeNBs to the neighbouring overlay eNBs and vice versa due to lack of coverage of the HeNBs, or the presence of CSG cells. It is therefore desirable to have both HeNBs and eNBs in the TAI list of the TRACKING AREA UPDATE ACCEPT message. However, if the tracking area covers a large number of eNBs, it is preferable for a low mobility UE registering at the HeNB to only be paged in a subset of the tracking area, i.e., to page the UE at individual cells in a tracking area instead of the entire area.
Therefore, a proposed solution is to reduce the paging load in a mixed deployment by allowing the TAI list in the TRACKING AREA UPDATE ACCEPT message returned by the MME to include global cell identifiers (GCI) as well as TAIs, i.e., cells may be included in the TAI list as individual cells or as part of larger tracking areas.
2.1. TAI assignment for the HeNB

Question 1: Should the same TAI as the macro eNB be assigned to the HeNB? 

There may be many HeNBs or Pico eNBs in a Macro eNB’s coverage. Therefore, it is preferable to avoid paging at the underlay network (Pico eNBs and HeNBs) for a UE registered on the overlay network (Macro eNBs) since there may be many HeNBs or Pico eNBs in a single Macro eNB’s coverage
Proposal: Assign a different TAI from the macro to each HeNB or Pico eNB as shown in Figure 1.
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Figure 1 Assign a different TAI from the Macro to each HeNB or Pico eNB
Question 2: Can the GCI (Global Cell ID) be used as the tracking area for a HeNB?

If a unique TAI is to be assigned to a HeNB or even an eNB, then the GCI can be reused instead of this since this is already unique.

There are therefore 2 alternative Tracking Area Identifier options for identifying HeNBs for registration:
· Use the TAI and make it big enough to support a unique TAI per HeNB and Pico eNB

· Use a special TAC for HeNB or Pico eNB to indicate that this HeNB or eNB only pages based on GCI

In the latter case, the TAC can be much smaller since it is only needed for Macro eNBs or to support any group of eNBs that share a TAC for paging and registration.
Proposal: Allow for a UE to register with a Cell ID of the HeNB to MME.
 2.2 Paging at distant macros if a UE registers at a HeNB or Pico eNB

A UE registered at a HeNB or Pico eNB is expected to be low mobility. Therefore, it is preferable to avoid paging at many eNBs for a UE registered at a HeNB or Pico eNB.
From a UE perspective it is preferable that a tracking area be large since it will not have to register very often as it moves around. From an access network perspective it is preferable that tracking areas be small to be able to manage the paging load at a very fine granularity. For low mobility UEs it is better to pick a smaller area whereas for high mobility UEs a larger area is better. Allowing the network to choose the region based on whether the UE registers on the underlay network, i.e., low mobility or overlay network, i.e., maybe high mobility allows the network to optimize the paging area for different mobility UEs.

Proposal: Cell-based paging for a UE registered at a HeNB or Pico eNB as shown in Figure 2.
Each cell has two levels of membership for paging in the TAI list

· Tracking area to allow paging of a UE over a large number of cells; and

· GCI to allow paging of a UE only at that cell.

This allows the MME the flexibility of paging a UE in a larger or smaller region to optimize paging load in the network. Note that if the GCI is used in the TAI list to identify the eNB then a common mechanism is used to at the HeNB for paging as in Section 2.1.


[image: image2.emf]TAC 1

TAC 2

TAC 3

TAC 4

TAC 6

UE Paging 

Region

TAC 5


Figure 2 Cell-based paging for a UE registered at a HeNB or Pico eNB

In cell-based paging, a cell may be a Macro eNB that is part of a large tracking area as shown in Figure 2, or it may be a HeNB or Pico eNB.
3. Conclusions

It is proposed to agree to the following changes to 3GPP TS 24.301-0.3.0 to optimize the paging load in the presence of a mixed deployment of HeNBs and eNBs
· Allow the TAI list in the TRACKING AREA UPDATE ACCEPT message returned by the MME to include global cell identifiers (GCI) as well as TAIs.

· Designate a special TAC to indicate that this HeNB or eNB only pages based on GCI.
4. Proposal

We proposes the following text update against TS 24.301-v030.
* * * First Change * * * *

3.1
Definitions

TAI/GCI list: A list of TAIs and GCIs that identify the tracking areas and cells that the UE can enter without performing a tracking area update procedure. The TAIs and GCIs in a TAI/GCI list assigned by an MME to a UE pertain to the same MME area. Additionally, the TAIs in a TAI list assigned by an MME to a CS fallback capable UE pertain to the same location area (see 3GPP TS 23.272 [3A]). In this case, the defining of the relationship between the tracking area(s) and the location area(s) is operator specific.
* * * Next Change * * * *

5.1.3.2.2.4
EMM-REGISTERED

In the state EMM-REGISTERED an EMM context has been established in the UE. When the UE is in EMM-IDLE mode, the UE location is known to the MME with an accuracy of a list of tracking areas and global cell identities containing a certain number of tracking areas and cells. When the UE is in EMM-CONNECTED mode, the UE location is known to the MME with an accuracy of a serving eNodeB. The UE may initiate sending and receiving user data and signalling information and reply to paging. Additionally, tracking area updating procedure is performed (see subclause 5.5.3).

* * * Next Change * * * *

5.5.1.2.4
Attach accepted by the network
In a shared network the MME shall indicate the PLMN identity of the operator that has accepted the attach request in the assigned tracking area identities and global cell identities contained in the TAI/GCI list of the ATTACH ACCEPT message.
* * * Next Change * * * *

5.5.2.2.4
Abnormal cases in the UE

f)
Change of cell into a new tracking area


If a cell change into a new tracking area and global cell identity that is not in the stored TAI/GCI list occurs before the UE initiated detach procedure is completed, the detach procedure shall be aborted and re-initiated after successfully performing a tracking area updating procedure. If the detach procedure was initiated due to removal of the USIM, the UE shall abort the detach procedure and enter the state EMM-DEREGISTERED.
* * * Next Change * * * *
5.5.3.2.2
Normal and periodic tracking area updating procedure initiation

The UE in state EMM-REGISTERED shall initiate the tracking area updating procedure by sending a TRACKING AREA UPDATE REQUEST message to the MME,

i)
When the UE detects entering a tracking area or cell that is not in the list of tracking areas and global cell identifiers that the UE previously registered in the MME;

* * * Next Change * * * *

5.5.3.2.4
Normal and periodic tracking area updating procedure accepted by the network

In a shared network the MME shall indicate the PLMN identity of the operator that has accepted the tracking area update request in the assigned tracking area identities and global cell identities contained in the TAI/GCI list of the TRACKING AREA UPDATE ACCEPT message.
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