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1. Introduction

S2-091196 [1] described the potential service anomalies associated with performing access control in the CN and the loss of synchronization between UE’s view of the Allowed CSG List and that of the CN. Several of the issues described in S2-091196 [1] were captured in TR 23.830 v0.3.0 [2]. However, one of the important issues which was described in S2-091196 [1] related to the false service indication to the end user is not yet captured in TR 23.830 v0.3.0 [2].

This contribution proposes the specific changes for capturing the particular issue related to false service indication as well as a potential solution to mitigate the issue. The proposed solution also addresses a few of the other issues which have already been described in [2], such as paging optimization.
2. Proposal

The following changes are proposed to TR 23.830 v0.3.0 [2].
* * * First Change * * * *

6.2.3
Architectural issue – False Service Indication
6.2.3.1
General

6.2.3.1.1
Description
Release 8 onwards, access control for CSG capable UEs accessing a CSG cell is performed in the Core Network (MME/MSC/SGSN). For each UE, the CN maintains “Allowed CSG List (ACL)” which is used to perform access control. Additionally, each UE also maintains its own copy of the ACL which is used by the UE for a CSG cell selection/reselection. Some of the mechanisms proposed for the update of the ACL in the UE involve the use of application level OMA DM procedures or the NAS level procedures based on service initiation from the UE. These mechanisms, however, do not resolve the issue where the UE’s ACL and the ACL maintained in the CN can go out of synchronization. Following are a few of the scenarios which results in an out of synchronized ACL in the UE:

· Lack of instantaneous or real-time update of UE ACL

· Support of temporary or timer based CSG cell access

· Manual CSG selection

· UE out of coverage or not in service

Due to the real possibility of UE and CN not being synchronized with respect to the ACL, it is entirely possible that the UE selects/reselects and camps on a CSG cell in idle mode based on its outdated view of the ACL, even though the CN may have removed that particular CSG from the CN’s view of the UE ACL. Furthermore, the UE may camp on a CSG cell without any NAS message (e.g. if there is no Location Area change, then the UE will not trigger any LU related NAS messages towards the CN), thus preventing the CN from authorizing and synchronizing the ACL on the UE. The UE upon CSG cell selection will falsely display and indicate CSG service to the end-user. The end-user will continue to get this false service indication until service initiation, upon which it will be rejected, Such false service indication seems rather undesirable and solution to avoid this needs investigation. Following are few examples of the degraded service impacts resulting from allowing idle mode camping without authorization and made worse via false service indication to the end user:

· Call drops:  In case of no overlapping macro coverage, it is not possible to employ the redirection and handover mechanism for service initiation. As a result, these service initiation from unauthorized UEs must now be denied at the serving 3G HNB. The end user is not given any indication of service outage until after the service request.

In case of overlapping macro coverage, it is possible that redirection and handover to macro cell upon service initiation is not successful (due to various reasons at the target macro cell), thus resulting in failure of the service request. These failed service requests would result in undesired user experience.

· Unexpected charges at macrocell rates: In case of overlapping macro coverage, redirection and handover to macro cell upon service initiation, one would need to address the charging requirements. Would the charging be done on a HNB basis or would services be charged on a macro basis? If macro is used as a basis, then this would again result in undesired user experience where HNB coverage is indicated to the user but charging is done on a macro basis.

· Delayed call setup: In case the user is rejected upon service initiation; it will most likely trigger another suitable cell reselection which could result in delay of the initial service

6.2.3.1.2
Solutions
It is proposed that the UE trigger a NAS message towards the CN upon selection of a new CSG cell (i.e. CSG cell with a new or different CSG identity than the currently selected cell). This NAS message will allow the CN to perform access control immediately, and approve or deny the service request based on the CN’s view of the ACL for the particular UE thus preventing incorrect cell selection/reselection and consequently avoiding any false service indication to the end user. This NAS message is sent only when the CSG cell is on the UE’s ACL so the UE remains in idle mode and does not send the NAS message for most CSG cells.

It is further proposed to utilize “Location Area Updating (LAU)” NAS message for 3G HNB case with an additional cause code “New CSG selected”. It should be noted that the LAU message may be triggered anyways if the location area of 3G HNB is different from its neighboring cells. In this case, the normal LAU cause code can be utilized.

The NAS message, upon new CSG cell selection, unambigously identifies the serving CSG cell to the 3G HNB-GW and CN. This allows the CN elements as well as the 3G HNB-GW to deliver the page to the actual serving 3G HNB for that particular UE. The 3G HNB which is targeted for paging is based on the last successful LAU at the serving HNB for a given UE

Following are some pros and cons of the proposed solution

Pros:

· Reliable Service Indication: Prevents the UE from camping on a CSG cell which is not part of allowed CSG list as known in the subscriber database (as well as the CN elments). This avoids any false indication of service to the end user (as opposed to allowing idle mode camping based on UEs white list and then rejection upon service initiation).

· Precise Paging: Enables precise paging mechanism in the H(e)NB-GW and CN (for HeNB-GW-less scenarios). The paging mechanism from the H(e)NB-GW involves sending a single page message to the specific CSG cell based on initial NAS message received from the UE upon selection/reseleciton of that particular CSG cell. This in turn will result in huge paging load reduction as the H(e)NB-GW as well as the CN (for gateway-less scenarios). 

For example, it is a current assumption that there may be 50 CSG entries per PLMN (stored in the HSS) for the “Allowed CSG List” of each UE. If we assume the average CSG list to have 20 entries, the current paging optimizations mechanisms (i.e. filtering using the allowed CSG list) would require the H(e)NB-GW (or the CN) to send an average of 20 pages per UE per MT. However, the precise paging would reduce this number to a single page, thus providing a significant reduection of 95% in paging traffic.

Cons:

· Additional battery drain on UE: The majority of the battery drain for a given UE results from CSG cell section/reselection procedure i.e. scanning for the available CSG cells and then checking CSG-Id of the scanned cell against the CSG white-list in the UE. The additional battery usage resulting from NAS procedure (e.g. LA Update), upon CSG cell selection is estimated to be:

· A reduction of 25s of talk time in a day, or

· A reduction of standby time by ~42 minutes per day

Assuming that the UE entered the coverage area of CSGs on the UE’s ACL 10 times each 24 hour period and each LAU transaction brought the UE into active mode for an average of 2.5s each time.

· Slightly increased signalling towards the CN: While there is a slight increase in control plane signalling (i.e. LA Update), it should be noted that NAS messages are only initiated after a successful CSG cell selection. Additionally, if 3G HNBs are deployed to support legacy UEs as well as CSG capable UEs, then it is likely that the 3G HNB will have unique location area than its neighbouring cell, thus resulting in location area update anyways 
Other considerations:

There has been several proposals for IMS-based HNBs. Some of these proposals, [3], [4], appear to require that a SIP Registration to be initiated when the UE re-selects an IMS-based HNB to register the UE with the IMS. The NAS message upon CSG cell re-selection would provide a reliable trigger for this SIP Registration without special LA planning (i.e. to trigger an LAU) for the IMS-based HNBs.

In descriptions of new services enabled by HNBs, UEs entering HNB coverage has been linked to:

· “I’m home,” SMS notifications triggered by the arrival of the UE at the HNB

· Dual/simultaneous ringing of home phones when the UE is camped on the HNB

· Presence-enhanced services when the UE is camped on the HNB

All of these services depend on a reliable notification when the UE selects the HNB. The proposed NAS message would allow such a reliable notification to be supported.

6.2.3.1.3
Evaluation

* * * End Change * * * *
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