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Introduction
At the moment there is no mechanism available besides OMA DM/OTA for allowing the HSS to erase expired or removed CSG members and still enable paging optimization.

Paging optimization is considered a fundamental feature of Rel-8 due to the fact that there may be many HeNBs per TA/LA/RA and the UE will not camp on any HeNB where it is not allowed.

Currently the interaction between paging optimization the Allowed CSG list is as follows:

-
When a CSG subscription has expired or is removed, the entry for this CSG in the Allowed CSG list of the UE may not yet have been removed, and the UE may be camped on a CSG cell for that CSG in idle mode. In order to ensure a page reaches the UE when paging optimisation is performed, the MME/SGSN/MSC needs to page the UE at all CSGs which are in the UE’s Allowed CSG List that advertise a TA/LA/RA where the UE may be camped on. This paging needs to be performed regardless of whether CSG subscription(s) that are stored by MME/SGSN/MSC are expired or not.  

Therefore, we propose an additional mechanism for allowing the HSS to erase expired or removed CSG members for Rel-8 without deploying OMA DM/OTA. If this mechanism is not implemented then OMA DM or OTA must be deployed by all operators or paging optimization in Rel-8 is broken. Hence whether operator's agree with OMA DM/OTA being mandatory should be considered in supporting this fundamental feature.  

There are 2 reasons to support this mechanism:

- 
Remove the requirement that every operator is required to deploy OMA DM and OTA to enable paging optimization

- 
Looking forward to Rel-10 where VPLMN CSG support will be completed and OMA DM will not be used, it seems sensible to define a mechanism now that allows paging optimization to be deployed without OMA DM in order for Rel-8 UEs to be forward compatible to Rel-10. 
OMA DM/OTA-less H(e)NB with paging optimization
The basic idea is to define a new trigger for registration to allow the network to only store the CSG subscription information at the HSS and MME/SGSN/MSC for a fixed time t1 after the CSG timer expires or the UE is removed from the CSG, e.g., t1 = 3 days. Then as long as a UE always registers at a CSG cell if it has not accessed a CSG for that cell in at least time t2, where t2 < t1, the UE will always be reachable for paging.

When a CSG subscription has expired or is removed:

-
If the UE reselects to the CSG before time t2 has expired. The UE is not required to register and will be paged. If a UE does register before t2 has expired it will be rejected and remove the CSG from the Allowed CSG list.

-
If the UE reselects to the CSG after time t2 has expired or if time t2 expires while the UE is camped on the CSG, then the UE shall register and will be rejected and remove the CSG from the Allowed CSG list.

NOTE:
This mechanism is an additional procedure performed by the UE and network and is independent of whether or not OMA DM/OTA is deployed. In the case of roaming, the visited SGSN/MME/MSC does not need to know if the UE has an OMA DM/OTA server in HPLMN since the visited SGSN/MME/MSC and the HSS can independently remove the CSG after time t1.

The following figure shows the behavior of the network and the UE for timers t1 and t2:
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The proposed functionality based on the two timers is therefore as follows:

Proposed additional functionality in HSS and MME/SGSN/MSC:

-
When a CSG expires, the HSS and MME/SGSN/MSC will include the CSG in the CSG subscription data for a period of time t1, e.g., t1 = 3 days. 

-
After time t1, the HSS and MME/SGSN/MSC may remove the CSG from the CSG subscription data

-
The HSS shall not inform MME/SGSN/MSC when it removes the CSG from the CSG subscription data or vice versa.
-
It is FFS whether t1 is a statically defined constant or implementation dependent as long as it is always set to a value greater than t2.
NOTE:
The UE does not need to know t1 as it is only needed at the HSS and MME/SGSN/MSC.
Proposed additional functionality in the UE:

-
The UE shall track for each CSG in the Allowed CSG list, whether or not the UE has performed a NAS procedure at the CSG, e.g., registered or accessed the CSG for time t2, e.g., t2 = 1 day.

-
If the UE reselects to that CSG after time t2, the UE shall register at the CSG, i.e., the UE may not camp on the CSG without registering.
-
It is FFS how t2 is defined. For example t2 could be defined as a new IE in the Attach accept and TAU accept messages similar to the timer T3412 except it now applies to the CSG as opposed to the PLMN.
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