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1. Introduction
The contribution discusses paging optimization mechanisms for CSG deployments and proposes to add these mechanisms into TR 24.801 for future study.
2. Reason for Change

In order to reduce mobility, TA list mechanism is adopted. In order to reduce number of TAI, it is necessary to include many CSG cells into a TAI for option C. Therefore, The TA List allocated for the UE may be included vast CSG cells. If no paging optimization mechanism is adopted, vast paging messages will be sent.
For CSG deployment, the UE is only permitted to access some CSG, which is included into Allowed CSGs list. It is useful to paging the UE only in these CSG cells that a CSG id in the list for CSG HeNB. The mechanism will reduce number of paging messages.
There is logical architecture for CSG deployment, as following:
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The HeNB (Home eNB) is customer premise equipment (CPE) which offers a standard radio interface (Uu) for UE connectivity.
-
controlling one or several E-UTRA CSG cells. 

-
controlling E-UTRA radio resources allocated to one or several legacy UEs within its controlled E-UTRA CSG cells.

-
Functionalities requested for the deployment of the Home eNBs in E-UTRAN, i.e. : HeNB Authentication, HeNB-GW Discovery, HeNB Registration, HeNB OAM (Re)-Configuration and Control.

The HeNB GW (HeNB Gateway) is a logical entity implementing specific functionalities requested for the deployment of Home eNBs in E-UTRAN, e.g.: 

-
S1 Concentration Function: The HeNB GW relays the S1AP messages from the HeNBs to the MME.
-
S1 Distribution Function: The HeNB GW relays the S1AP messages from the MME to the HeNBs. 

For CSG deployment, there are two mechanisms for paging optipization:
2.1. Paging optimization is handled on HeNB GW
The MME will provide paging requests to the eNBs and HeNB GWs according to UE's TA List. In order to paging optimization, the MME will provide the Allowed CSGs List of the UE to these HeNB GWs in paging request message. These HeNB GWS will restrict the sending of the paging request to the CSG cells that have a CSG ID in the Allowed CSGs List. 
In order to reduce eNB's impact, the Allowed CSGs List should only be sent to the HeNB GW in paging request message. So, the MME should know the CSG information of HeNB GW. That is, the HeNB GW should indicate the MME that the HeNB GW uses CSG mechanism. 

2.2. Paging optimization is handled on MME
The HeNB GW or the HeNB reports it's supported CSG IDs and supported TAIs. The MME records the relation between CSG ID and HeNB/HeNB GW. In order to paging optimization, the MME decides whether the CSG IDs of the HeNB/HeNB GW is in the UE's Allowed CSGs List. If yes, the MME sends paging request message to the HeNB/HeNB GW. The paging message includes CSG ID. Or, MME will provide minimal CSG IDs which are the intersection of CSG IDs in mobility list and CSG IDs in heNB GW and Allowed CSG List. CSG IDs in mobility list mean CSG IDs which have CSG cell(s) located in mobility list areas. CSG IDs in heNB GW mean CSG IDs which have CSG cell(s) connected to the heNB GW.The HeNB GW will restrict the sending of the paging request to the CSG cells with the CSG ID When the HeNB GW receives the paging request message.

3. Conclusions

It is proposed to add the two mechanisms of paging optimization into TR24.801 for further study.
4. Proposal

We proposes the following text update against TR 24.801.
* * * First Change * * * *

10.12.4.4
Impact of CSGs on Registration Areas in the EPS

-
When necessary, the MME shall initiate paging of the UE in all cells of all tracking areas contained in the TAI list. Cells having the same TAI must be part of the same MME pool.
-
Paging optimization mechanisms should be adopted in order to avoid huge amounts of paging messages in the cells served by HeNBs. Possible approaches are as follows:
-
The MME sends the paging request message only to those HeNBs which have the TAI in the UE's registered TAI list and the CSG ID in the UE's CSG whitelist; or 
-
the MME provides both the TAI and the UE's CSG whitelist to those HeNBs which have the TAI in the UE's registered TAI list, and each of the HeNBs decides whether its cell belongs to the CSG area and the paging is sent via the radio interface. 
Editor's note: if the HeNB GW is adopted as an entity of CSG architecture, other approaches of paging optimization may be possible. This is FFS.
Editor's note: if multiple CSG IDs are supported by a HeNB is FFS.
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