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1 Introduction
Discussions on various solutions to support connected mode inbound mobility to CSG and hybrid cells have taken place over the email reflector before this meeting. The main focus of these discussions was around the issues of how to deal with the PCI/PSC confusion problem and whether the UE or network does the preliminary access check. 

Another issue that needs to be addressed is how to ensure that the UE can detect the PCI or PSC in the first place, whether or not there is confusion to be resolved for the PCI or PSC. This issue exists for both UMTS and LTE systems for the inter-frequency case. Given the different requirements associated with decoding a neighbour cell’s PCI or PSC compared to e.g. reading its system information, we think a separate discussion is warranted for this issue.
2 Existing inter-frequency detection mechanisms
A reasonable starting point is to consider what is already available to the R8 UE for the detection of PCI/PSC on another frequency in connected mode.
In LTE, the UE could use natural idle periods created by DRX to detect the PCI of a cell on another frequency. However, the existence of sufficient idle periods can never be guaranteed (however short the time required to simply detect a PCI), because an active UE could be receiving data in every sub-frame. To ensure that inter-frequency detection can be made the network can allocate measurement gaps which are 6 ms in duration.
In UMTS, the UE in Cell_DCH state can be configured with compressed mode (CM) pattern to measure on other frequencies. The gap duration is configurable by the network and can be up to 14 slots.

It is obvious that the same mechanisms could be re-used for detection of CSG cells in other frequencies. However, these mechanisms are not necessarily complete because the network may not know when to configure the gaps or CM patterns to allow the UE to look for its CSG cell.
3 Possible ways forward
From previous discussions we can identify two types of solutions.
3.1 Build upon existing inter-frequency measurement mechanisms
A first possible way forward would be to supplement the existing mechanisms with support to enable the network to configure the gaps or CM pattern at the right time.One could envision two variants:
a) Network determines when to configure the gaps using UE assistance

With this approach, the UE assistance could consist of some indication from the UE that it might be close to its CSG, based on an internal fingerprint algorithm. Thus, the performance of CSG detection would be (similar to the idle mode case) dependent on this fingerprint algorithm. However, the introduction of hooks to assist the UE is not necessarily precluded.

Pros:

· No need for additional complexity on the network side to receive information from H(e)NBs

· Largely relies on existing measurement procedures

· Reuse of fingerprint algorithm of autonomous search function (in idle) possible

· A UE that has detected its CSG using natural idle periods can avoid being uselessly configured with gaps
Cons:

· Need to add support for UE indicating its desire to be configured with gaps

· Fingerprint algorithm may fail in case of network reconfiguration
b) Network autonomously determines when to configure the gaps without UE assistance

With this approach, one expects that the eNode B or RNC has all the information about the CSGs under its coverage area, as well as the membership of each of the CSGs.

Pros:

· Minimal or no change to UE implementation, relies on existing measurement procedures

Cons:

· Relies on sophisticated network support to ensure that all the CSG information is timely available at the macro eNB or RNC. It should be noted that there is no agreement in RAN3 to define X2 between HeNB and macro eNB (for LTE) or define Iur between HNB gateway and RNC, thus the only possibility could be O&M-based.
· Additional requirements at eNB or RNC to store and maintain all CSG contexts (including used PCI/PSC, list of member UEs, etc.)

· Network doesn’t know when UE detects the CSG, thus may have to unnecessarily configure gaps

3.2 Avoid inter-frequency measurements
A second possible way is to design a scheme that relieves the UE from making inter-frequency measurements for the detection of CSGs operating in other frequencies. One possibility [1] is that the HNB broadcasts its system information (or portion thereof) on frequencies other than the frequency it is operating in (solutions C-2 and C-3 in email discussion). 
Pros:

· No need for the UE to be configured with gaps for detection (though gaps may still be needed later on for CGI decoding in LTE case)
· Potentially faster detection of CSG cell if PCC/SCC or CPICH are transmitted all the time on other frequencies 
Cons:

· Increase of interference in the system needs to be carefully managed

· Higher H(e)NB cost if PCC/SCC or CPICH are transmitted all the time on other frequencies

· Potential effect on legacy UEs, e.g. larger size of measurement reports (for LTE) as more PCIs would be detected overall 
4 Discussion

From the above it is clear that none of the solutions is without drawback. However the amount of effort to get to a working solution isn’t the same for all.

If we look first at the network-based inter-frequency measurement solution (3.1b), there would seem to be considerable standardization effort in RAN3 to introduce the required interfaces and signalling. Before requesting RAN3 to undertake a significant effort, it would seem natural to first determine if a simpler solution involving less standardization effort from this group (RAN2) is available.
The solution avoiding inter-frequency measurements (3.2) has some potentially interesting benefits in terms of detection performance. However these would seem to only be significant in case the H(e)NB has multi-carrier transmission capabilities (thus increasing its cost) or if the H(e)NB frequently interrupts transmission on its operating carrier (thus deteriorating performance of its connected UEs). Futhermore, in view of the more relaxed requirement of 10-30 s (for LTE, [2] appendix F) to perform inbound mobility for the inter-frequency case, the need for such faster detection may be questionable. If we decide to go forward with this approach, there is a need to perform additional studies (involving RAN4) to assess the potential impact of additional interference to the rest of the system. The impact to legacy UEs would also need to be assessed. Thus, overall there also seems to be significant effort required to finalize this solution.
This leaves us with the ue-assisted inter-frequency measurement solution (3.1a). This appears to be the fastest path to a working solution as it reuses the most existing mechanisms of R8 (measurement gaps, CM gaps, autonomous search) for both LTE and UMTS. Using the performance requirements from 36.133 as a reference for LTE case, an inter-frequency CSG cell should be detected within 3.84 s if gap pattern 0 is used, leaving ample time (given the 10-30 s allowance) for gap configuration and other steps of the handover.The potential failure of the fingerprint algorithm in case of network reconfiguration (e.g. macro eNB modifying its PCI) is possible but should not occur very frequently –  in any case not more frequently than the autonomous search function of idle mode which also relies on a fingerprint algorithm.
Considering the above we are leaning towards solution (3.1a) whose performance appears sufficient to meet the inter-frequency inbound mobility requirements while requiring the least additional standardization or implementation effort.
5 Conclusion
Proposal: Discuss and determine if a solution based on UE-assisted inter-frequency measurement can be sufficient to meet the requirement for inbound mobility to a CSG cell in another frequency, or if a more elaborated solution is required.
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