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1.
Introduction
One of the main objectives of the H(e)NB enhancements Work Items [1] is to enhance the existing Rel-8 inbound mobility to CSG cells [2]. The inbound mobility to CSG cells agreed in Rel-8 was on idle mode, and it is based on the principle of a UE autonomous search. The new Work Item will expand its scope to include connected mode mobility to CSG cells. To this end, this document identifies some of the main issues with support of connected mode mobility to CSG cells.
2. Discussion
An important issue is how efficiently the CSG-UE detects the CSG cell it intends to access. If the CSG cell is using the same frequency as the overlapping macro cell and if the PCI/PSC of the CSG cell is unique, detecting the CSG cell in connected mode is not an issue since the UE should be measuring all neighbour cells in the same frequency as part of current mobility procedures.
On the other hand, if the CSG cell is using a different frequency, the UE needs to switch to measure on the frequency the CSG cell is using. The UE in connected mode can use natural idle periods created from DRX operation or request gaps for the measurement. If the CSG cell can use more than one frequency and can change its frequency when needed, the UE has to take measurements over all the possible frequencies the CSG cell can use. Furthermore, the PCI/PSC used by the CSG cell can be reused within the same overlapping macro cell, so that the UE may not be able to uniquely identify the CSG cell with the PCI/PSC alone. This requires the UE to acquire SIB1 of the CSG cell in the measurement, and thus longer idle periods are required for the measurement. As a consequence, when the UE is very busy the UE may not be able to acquire SIB1 in the short idle period available to the UE, or the UE may have to compromise the quality of service or the flexibility of the network by requesting a longer idle period.
The UE autonomous search function for the CSG cell can be implemented efficiently if the UE can acquire some of the information of the cell, such as, the location, the PCI/PSC, the CSG ID and H(e)NB ID, the frequency of the CSG cell, etc. The fingerprint mechanism was introduced to limit the location of the search for CSG cell. At the time of access to the CSG cell, the UE memorizes various information on the CSG cell and its neighbouring cells, and uses the stored “fingerprint” information for identifying the vicinity of the desired CSG cell in the future. However, reconfiguration of any of the cells may invalidate the memorized “fingerprint”, and cause the UE autonomous search to malfunction. This may lead to a serious degradation of the user experience in seamless service of the CSG cell.
Advantages of the UE autonomous search principle are that the macro network is not affected and the standardization effort is minimized. But the UE implementation can be a challenge in order to meet the expectations of end users and network operators. Therefore, it may be worthwhile to consider other means of improvements to the existing inbound mobility solutions.
( Enhancement to help UE’s autonomous search is essential to enable hand-in.

One possible improvement is for the CSG or Home-(e)NB cell to take part in the mobility procedure to help the UE detect the CSG or Home-(e)NB cell. It’s possible for the Home-(e)NB to transmit a signal to the macro UE in its own cell coverage, which contains information the UE needs to know for inbound mobility, such as CSG ID/H(e)NB ID, the operating frequency, etc. Since the Home-(e)NB is operating at a frequency different from the overlapping macro cell, it must temporarily switch its frequency to the macro cell’s frequency in order to send this signal.
If a macro UE connected to the macro (e)NB can receive and decode this signal without an error, the UE interprets that it is in the cell coverage of a Home-(e)NB, and uses the received information to identify the Home-(e)NB and start inbound mobility if necessary. As a result, the UE can receive the Home-(e)NB information without changing its frequency.
Proposal 1: Home-eNB can transmit CSG related information on frequencies other than its serving frequency.

Even though the UE can receive SIB1 without radio change, still it may require some idle period to get the SIB1 from intra-frequency CSG cells. But the idle period may not be allowed always depending on UE’s on-going service. Therefore, RAN2 should focus improving how to get CSG information without idle period in future meetings. Also a method to minimize additional interference to macro cells caused by home eNB’s sending CSG information on non-serving frequencies should be discussed.
Proposal 2: Further enhancement needs to be discussed to avoid idle period for UE’s reading CSG information from a target cell.

Proposal 3: Further enhancement needs to be discussed to minimize interference to macro cells caused by home eNB’s sending CSG information on non-serving frequency.
3. Conclusion

We have discussed several issues with inbound mobility in connected mode and the UE autonomous search function. The main purpose of search function is to detect Home-(e)NB cell which can be on a frequency different from the overlapping macro cell and to verify its identity by reading SIB1 of the Home-(e)NB. The efficiency of the UE search can be greatly improved if the Home-(e)NB can help the UE detect and identify the cell. We propose the followings to be discussed in this and future meetings:
Proposal 1: Home-eNB can transmit CSG related information on frequencies other than its serving frequency.

Proposal 2: Further enhancement needs to be introduced to avoid idle period for UE’s reading CSG information from a target cell.

Proposal 3: Further enhancement needs to be introduced to minimize interference to a macro cell caused by home eNB’s sending CSG information on non-serving frequency.
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