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Annex F (informative):
Mobility and Access Control Requirements associated with Closed Subscriber Group (CSG) Cells and Hybrid Cells

F.1
Access Control

The following examples are provided from the perspective of the Home cell deployment and enterprise deployment, and are used as an example to understand the general requirements of Closed Subscriber Group (CSG) Cells and hybrid cells.

If an operator uses the 2G or 3G systems for a deployment in a home, there are some limitations imposed by mandating that only a UE from a specific User Group can access the cell. This access restriction is needed because some backhaul links for this type of deployment are not considered to provide adequate QoS to support a large numbers of UEs, or there may be regulatory issues with sharing the backhaul link/eNB access in that location, and additionally the backhaul maybe owned by the subscriber and they may not be happy to share the link with other subscribers. In such a scenario the cell is operated as a CSG cell.

Moreover, in both a home deployment and in an enterprise deployment (e.g. in a shopping mall) it might be in the interest of the owner to also allow UEs which are not members of the CSG to have access to a cell  which normally only members of the CSG can access. Moreover, it might be needed to allow access to a non-csg member which is causing interference to the cell normally accessible by only members of the CSG. In such cases, the cell would be operated as a hybrid cell [33].
In 3G, the Access Control would work based on the Location Updating or Routing Area Updating Reject for the LA or RA which is being signalled on the cell. Each unique User Group would require its Location Area ID, however the LAC of the LA ID is only 2 octets, which needs to be shared with the normal LAs of the PLMN.

There is an additional drawback with this solution in 3G, which is that all terminals would attempt to perform the Location Updating procedure on a cell advertising a LA not on the list of forbidden LAs in the UE. The network would reject the location updating procedure of those UEs which are not in the User Group associated with the LA. This would lead to the scenario in a densely populated area, where a UE moving down the street could attempt to access a home cell at each house, before being rejected causing a wastage of battery in the terminal, and unnecessary signalling/processing load in the core network.

1.
A UE should not camp on or access a CSG Cell if it is not part of the User Group which is allowed to access that CSG Cell.

It shall be possible to update the User Group associated with a specific Home-eNB, e.g. based on request by the registered owner of the Home-eNB, under the supervision of the network operator. When a subscriber is added to the User Group for the Home-eNB, the UE of the newly added subscriber should be able to (almost) immediately camp on the cell(s) of Home-eNB and then may acquire service through the Home-eNB. This is especially important in the deployment scenario where this subscriber has no other means to access the network, i.e. there is no Macro-layer coverage available. For this it might be necessary to update the list of allowed CSG cells for a particular UE by network signalling or other means.
2.
The subscriber registered as the owner of a CSG Cell or group of Cells, under supervision of the operator, shall be possible to control/modify quickly which other subscribers form part of the User Group associated with its CSG Cell(s). 

F.2
Mobility

The Home-eNB/CSG cells should form part of the network of the operator, and therefore the design needs to support mobility of UEs between the Macro-Layer network and the Home-eNB/CSG cells. In the following text, what is called Macro layer encompasses all the cells which are not from the CSG being considered i.e. it is not about their size/coverage but the fact that they are not closed.

3.
It shall be possible for the system to support bidirectional handover between CSG Cells and any eNodeB (E-UTRAN) or RNC (UTRAN) or BSS (GERAN) or with another CSG Cell of the same or different CSG.

The Home-eNBs will be deployed to improve network coverage, improve network capacity as well as offer differential billing models. As the User billing could be dependent on whether the UE is using the Home-eNB, it is important that the UE when it is range of the Home-eNB automatically camps on the Home-eNB.

4.
It shall be possible to allow UEs which are allowed to access a given CSG cell, to prioritise their camping towards the CSG Cells when in coverage of the CSG cells. To achieve this it should be possible either to set the reselection parameters accordingly or other means should allow this.
It is important that UEs camped on the Home-eNB do not cause excessive signalling load or processing load if/when the UE moves frequently between the Macro-Layer network and the Home-eNB. 

5.
The system should avoid excessive signalling and processing load from a UE frequently reselecting in LTE Idle between the CSG Cells and the non-CSG cells of eNodeB (E-UTRAN) or RNC (UTRAN) or BSS (GERAN).
As discussed above, the Home-eNBs will have an associated User Group describing which UEs can access the Home-eNB or in case HeNB is operated as a hybrid cell, an associated User Group with preferential access. The handover procedures needs to take the User Group of the Target Home-eNB into account when deciding whether to handover a UE to a specific Home-eNB. The solution for the mobility to/from the Home-eNB should avoid unnecessary signalling between the RAN nodes.

6.
The handover procedures should take into account whether a UE is part of the User Group of the target CSG Cell. The mobility procedures should allow for prioritisation of the CSG Cells in ECM-CONNECTED when the UE enters coverage of a CSG Cell and the UE is part of the User Group of this cell. 

As the number of Home-eNBs in the network will become large, the proportion of measurements made by a UE which could be wasted may become large, to the point where it affects the mobility performance of the UE/system, as well as draining the battery of the UE. It is therefore necessary for the UE to be able to avoid unnecessary measurements of Home-eNBs where the UE does not belong to the User Group of the Home-eNB.

7.
It shall be possible to minimise the quantity of measurements which UEs perform on CSG Cells, if the UE does not belong to the User Group of a specific CSG Cell.

Due to the high number of Home-eNBs and the nature of their deployment, it would not be practical to change the configuration for the mobility procedures (measurements, handover, etc.) in the macro layer nodes when a Home-eNB is deployed/dismissed.

8.
The mobility procedures should allow a large number of (small) CSG Cells to be deployed within the coverage of e-UTRAN, UTRAN and GERAN macro-layer cells. Deployment of (additional) CSG Cells should not require reconfiguration of other eNodeB (E-UTRAN) or RNC (UTRAN) or BSS (GERAN).
In order to minimise the impact on UEs not allowed to use CSG cells or not allowed to use a particular CSG cell, means should be provided which allow the UE to either identify prior to cell reselection that the configured neighbour cell is a CSG cell or means should be provided which do not impact the UEs on the macro cells.

9.
The mobility procedures for moving UEs to CSG cells should minimise impact to other UEs on the same macro cells not entitled to use CSG cells or a given CSG cell.
It is expected that the CSG identity of a Home-eNB is static and this identity can be used by the UE to clearly identify the Home-eNB. In contrast the Physical Cell Identity (PCI) of a Home-eNB might change at power up. For example, a Home-eNB may scan the neighbour environment at every switch on, and a PCI unused by the neighbours can be selected. In most cases this will end up on the same PCI being used, as the neighbour environment did not change. During operation the Home-eNB might also change the PCI on a slow basis, in case high interference is detected. If the PCI changes, mobility should still be supported without user intervention. It might be necessary that the change is notified to the UEs belonging to the CSG through network signalling or other means.

10.
The Physical Cell Identity (PCI) of a Home-eNB might change at each power up of the Home-eNB. Although a change of PCI is expected to be infrequent, if it changes, mobility should still be supported without user intervention.

The carrier frequency of a Home-eNB might only be changed during Home-eNB power up, out of a preconfigured range of frequencies. Often the pre-configured frequency range would be limited to one. If the frequency is changed, mobility should still be supported without user intervention.

11.
The carrier frequency of a Home-eNB might be changed at power up of the Home-eNB, out of a preconfigured range of frequencies. Often the preconfigured frequency range would be limited to one. Although a change of frequency is expected to be infrequent, if it changes, mobility should still be supported without user intervention.

F.3
Mobility performance guidelines

For outbound mobility from CSG cells to non-CSG cells, normal mobility procedures apply, i.e., network controlled mobility. As such, the normal mobility performance requirements as for non-CSG mobility should apply.

12.
For outbound mobility from CSG cells to non-CSG cells, both for idle and active mode mobility, the normal mobility performance requirements as for non-CSG mobility apply.

For inbound mobility to CSG cells in active mode, it is important that the overall handover time perceived by the user, i.e., from the time the user arrives at home till the UE is connected to the CSG cell, is sufficiently short, considering that different charging policies may be applicable to CSG. However, this should not cause severe impacts on the battery consumption. It is thought that the time taken depends largely on UE implementation of the autonomous CSG search, as it is expected that the UE will apply means to reduce battery consumption in verifying the location (to trigger CSG search, based e.g., on “fingerprint”). However, this factor is thought to be existent only in the case the CSG cell is deployed on a different frequency as the serving cell, as for intra-frequency case the UE should be able to detect the CSG cell naturally through normal intra-frequency cell search. Therefore, in case of intra-frequency mobility, the handover should be completed in the order of 1 s. In case of inter-frequency mobility, 10-30 s is expected including the autonomous CSG search time.

13.
For inbound mobility to CSG cells in active mode, the cell search, CSG identification, and handover process should be completed in the order of 1 s in case of intra-frequency mobility. In case of inter-frequency mobility, 10-30 s is expected including the autonomous CSG search time.

For inbound mobility to CSG cells in idle mode, in case of intra-frequency mobility, the same requirements as for non-CSG reselection should apply also to inbound reselection to CSG cells. For inter-frequency mobility, the inbound mobility is not as time critical. However, considering applicability of different tariffs and CSG/ Home-eNB identifiers to be displayed on the terminal screen, it is desirable that the UE camps on the suitable CSG cell without excessive delay. It is desirable that inbound cell reselection is possible within 20-60 s. If UE battery consumption becomes a critical issue, this requirement can be revisited.

14.
For inbound mobility to CSG cells in idle mode, cell reselection is completed as for normal non-CSG reselection in case of intra-frequency mobility. In case of inter-frequency mobility, it is desirable that inbound cell reselection is possible within 20-60 s.

If the PCI or the carrier frequency of the CSG cell changes, the UE should be able to detect this change autonomously. It is expected that the UE would look for the CSG cell based on the PCI/ carrier frequency as last stored in its memory and based on the fingerprint. Then, the UE would detect absense of the CSG cell from where it was expected, and initiate a full scan of the CSG cell. By checking the global cell identity of detected CSG cells, the UE should eventually find the CSG cell on a new PCI or carrier frequency. Such autonomous procedure should be completed within [6 min, FFS]. Once the CSG cell has been found, requirements 12 and 13 shall apply then on.

15.
If the PCI or the carrier frequency of the CSG cell changes, the UE should be able to detect this change within [6 min, FFS]. The performance requirements 11 and 12 apply then on.
F.4
Inbound Mobility Considerations for handover to CSG cells and hybrid cells

PCID Confusion

Due to the typical cell size of HeNBs being much smaller than macro cells, there can be multiple HeNBs within the coverage of a macro cell that have the same PCID. This leads to a condition referred to as PCID confusion, wherein the network is unable to determine the correct target cell for handover from measurement reports received from the UE. 

1.
Support for inbound mobility should include resolution of PCID confusion. Furthermore, for purposes of inbound mobility, it can be assumed that a UE will not see, at the same time, two cells with the same PCID.

Preliminary access check

One way to avoid handover attempts to CSG cells which are not in the UE’s allowed CSG list is to allow the UE to perform a preliminary access check of the detected CSG cell.  The network has the option to initiate the handover preparation towards a reported CSG cell if UE indicates that the reported cell is an allowed CSG cell for the UE. Preliminary access check is not required for hybrid cells.

2.
Preliminary access check of detected CSG cells should be performed by the UE. The network has the option to initiates handover preparation to CSG cells for which UE has verified the CSG ID.

Measurement reporting and triggering of handover preparation

Measurement reports from the UE may assist the network in determining when handover preparation can be initiated, although the network can still decide whether to initiate the handover preparation with or without assistance from the UE. Even if a UE is not allowed to access a particular CSG cell, it should report measurements of thethat CSG cell

3.
The UE performs measurement reporting of all cells as in Release 8 regardless of whether the UE is allowed to access the cell, subject to measurement configuration. This does not preclude reporting additional information to assist triggering of handover preparation. The need for such additional information and the details of such additional information are FFS.

To initiate handover preparation to a CSG cell or hybrid cell the network uses measurement information reported to the serving cell. The measurement report that triggers the handover preparation may include the result of the preliminary access check for CSG cells, the cell global identifier (E-CGI) and the Tracking area Identifier (TAI) to enable correct identification of the target cell. 

4.
The UE uses the measurement reporting procedure to help the serving cell trigger handover preparation. A measurement report that includes handover preparation information. Handover preparation information consists of the result of the preliminary access check for CSG cells,  the cell global identity (E-CGI) and the tracking area identity (TAI). The network has the option to use this measurement report to trigger handover preparation. The trigger for sending this measurement report and the inclusion of other information in this report is FFS.

When sending a measurement report that includes the PCI of the CSG Cell/Hybrid Cell, if the UE has been able to perform all the actions related to assisting the triggering of handover preparation (including acquisition of the E-CGI, the TAI and determination of the result of the preliminary access check), it can include this information in the measurement report.

5.
The UE may include the handover preparation information of a CSG Cell/Hybrid Cell in a measurement report containing the PCI of this Cell without an explicit request from the network, if it has been able to determine the handover preparation information. It is FFS how the network configures what cells such reporting applies to.

Acquisition of CSG Cell/Hybrid Cell System Information

In order to include the cell global identity of the CSG Cell/Hybrid Cell in a measurement report  the UE has to acquire MIB and SIB1 of the cell. 

For intra-frequency inbound mobility to CSG cell or hybrid cell (shared carrier deployment), the following mechanisms for reading system information are FFS:
-
MIB and SIB1 reception with autonomous gaps or scheduled gaps.

-
MIB reception without gaps and SIB1 reception with autonomous gaps or scheduled gaps.

For inter-frequency inbound mobility to CSG cells or hybrid cells, the following mechanisms for reading system information are FFS:

-
MIB and SIB1 reception with autonomous gaps or scheduled gaps.

If autonomous gaps are used for acquiring any of the system information of the target cells relevant for handover preparation, the UE obeys DRX requirements as defined in Release 8 unless the network allows an exception as follows:

The network may order the UE to report handover preparation information of the cell, upon which the UE may autonomously choose one or more sub-frames to use for system information acquisition. 

Note 1: Performance requirements when the UE uses autonomous gaps are FFS.

6.
If autonomous gaps are to be used for acquiring any of the relevant system information of the target cell for handover preparation, the network can order the UE to report handover preparation information of the cell. Upon receiving this order the UE may autonomously choose one or more sub-frames of its choice for system information acquisition. If such an order is not received, UE follows DRX requirements as specified in Release 8. 

Use of Proximity Information 

Proximity information can be used to trigger handover preparation if needed. For example, if UE is able to determine that it is near its CSG cell, it could take necessary actions to trigger handover preparation. If the UE has not visited a hybrid cell previously, it may not have stored proximity information for the hybrid cell. 

7.
Inbound mobility to hybrid cells whose CSG IDs are not in the UE’s allowed CSG list should not depend on proximity information.

In order to detect inter-frequency CSG/hybrid cells on a particular frequency for which the CSG IDs are in the UE’s allowed CSG list, the UE requires a measurement configuration for the particular frequency. If the UE does not have a measurement configuration for such a frequency, UE (if needed depending on UE capabilities) can send a proximity indication to the network requesting configuration of inter-frequency measurements for the particular frequency. 

8.
UE can request configuration of inter-frequency measurements (if needed depending on UE capabilities) by sending a proximity indication to the network. The contents of the proximity indication are FFS.

Measurement reporting of inter-frequency non-allowed CSG cells follows the inter-frequency measurement reporting procedures specified in Release 8. Inter-frequency hybrid cells whose CSG IDs are not in the UE’s allowed CSG list should be treated as normal cells.

9.
UE should perform measurement reporting of inter-frequency non-allowed CSG cells as specified in Release 8. UE should treat inter-frequency hybrid cells that are not in its allowed CSG list as normal cells.

Disabling of Inbound Mobility to CSG cells and Hybrid cells

The network may indicate that connected mode inbound mobility to CSG cells and Hybrid cells is not supported. If UE receives such an indication, it should not send a proximity indication, or a measurement report that includes handover preparation information.

10.
It shall be possible to indicate to UEs that connected mode inbound mobility to CSG cells and Hybrid cells is not supported. Specific mechanisms for such an indication are FFS. If the UE receives such an indication, it should not send a proximity indication, or a measurement report that includes handover preparation information.
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