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Concerns on support inbound handover to CSG cells
1 Introduction
In this GERAN#43 meeting, a solution was proposed in [1] to support inbound handover to CSG cells. This paper is to raise some considerations on this solution.
2 Discussion
2.1 General description

In [1] it was proposed to allow the MS to read system information from CSG cells in idle mode and consequently store the information for future usage in dedicated or Packet Transfer mode. The stored information can construct a mapping table including fingerprint, Frequency + PCI, CSG ID, TAI, eCGI/GCI and a corresponding timer. After entering dedicated/Packet Transfer mode the MS would report related information based on the stored mapping table. In addition the BSS also has a mapping table containing necessary routing parameters to CSG cells. After receiving measurements report the BSS may decide to handover the MS to a target CSG cell based on its mapping table.
2.2 Comments

1. PCI confusion detection

The solution assigns part of the responsibility of detecting PCI confusion to a single MS, i.e. if the MS can not detect the PCI confusion the handover procedure may be failed. The problem is that PCI confusion in a macro cell level can not be detected by the MS. The following figure shows an example for illustration:
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Figure 1 typical scenario of CSG deployment
For one certain MS, the fingerprint area is based on implementation and therefore the accuracy ranges in a relatively large scope. H1 is the H(e)NB that belongs to the user while H2 isn’t. Both H1 and H2 have the same physical configuration, i.e. same frequency and PCI. Assume that the fingerprint area is in a GERAN macro cell level, it can not be guaranteed that the MS would go everywhere within the fingerprint area. If the MS hasn’t been to the place where H2 is located, the PCI confusion can never be detected.
It can be concluded that the PCI confusion in a macro cell level can not be always detected by the MS.
2. Handover procedure
If the MS can not detect the PCI confusion in idle mode, after entering dedicated/Packet Transfer mode, the PCI confusion detection depends on the accuracy of mapping table stored in BSS. However in [1] it is unclear how the BSS constructs its local mapping table. There are two ways to do this:
· from measurement report from the MS
In this way if the MS can not detect PCI confusion the BSS can not either.

Take the above figure as an example, if the MS hasn’t visited H2 in idle mode and after entering Packet Transfer mode the MS happens to move to the area close to H2. The MS detects the frequency and PCI for H2 and finds they are the same as its stored mapping table for H1, therefore the MS assumes this is the cell of H1 and reports Freq 1 and PCI 1 to the BSS. Because BSS doesn’t have any information for Freq 1 and PCI 1, the BSS requests the MS to report the parameters corresponding to F1 and PCI1 and the MS reports routing information (eCGI A and TAI a) for H1 to the BSS. The BSS then assumes that the MS is in the coverage of its subscribed H1 and decides to handover the MS to H1 while actually the MS stays within H2 coverage, which leads to handover failure and service interruption, in this case the service interruption is much larger than 100ms. The following figure illustrates the potential problem.
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Figure 2 example of handover failure due to wrongly reported CSG cell
· combined O&M work with measurement report from MS
In this way the MS can not detect PCI confusion but the BSS may find out by addition of O&M configuration. In the above case, even though the MS hasn’t visited H2 before, the BSS may find out there is PCI confusion but has no knowledge which cell (H1 or H2?) is the target cell. If the BSS tries handover to candidate cells one by one, HO failure and interference to other MS can not be avoided. Figure 3 shows an example, the MS stays at H2 in Packet Transfer mode and detects the existence of a CSG cell with same frequency and PCI as its subscribed cell H1, then the MS reports F1 + PCI1 to the BSS. The BSS finds in its mapping table there are 3 candidate CSG cells with F1+PCI1 and two of them (Cell1 and Cell 3) are subscribed by this user. The BSS would send notify Cell 1 and Cell 3 to reserve radio resources and send Handover Command for each cell one by one. The BSS first tries handover to H1 and allocates Channel 1 to the MS, however the MS currently can only have radio access to H2 and may occupy Channel 1 in H2, which may be in use by another MS. The handover attempt would finally be failed. Such kind of multiple attempts also leads to considerable handover failures and service interruption, e.g. in this case the service interruption is no smaller than 200ms.
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Figure 3 example of handover failure due to unnecessary attempts

Based on the above analysis it can be concluded that irrespective of how the BSS constructs its mapping table, handover procedure is very possible to be failed if the MS is not allowed to read SIB in dedicated/Packet Transfer mode. Moreover the potential handover failure or attempt would lead to even longer service interruption (averagely hundreds of milliseconds) compared with the proposal of reading SIB [2][3](at a maximum of 80 ms in worst case). Furthermore, the mapping table at the BSS side asks for a high requirement on O&M function (e.g. accurate and immediate neighbour H(e)NB information) which brings much complexity of the network.
3. Validity of the information received in idle mode
The proposal [1] introduces a timer to guarantee the validity of the information received in idle mode and gives a recommended value of 24 hours. However the recommended value is not reasonable.
We already have a timer with setting of 24 hours for PCI/PSC split. This is because PCI/PSC split is a range of PCI/PSCs used for CSG cells and could be assumed stable with very few changes. While things are different for the mapping table stored in the MS, the certain frequency and PSC/PCI used by a CSG cell can be frequently changed due to switch on/off event and its neighbour situation. Considering in a residential area, a lot of neighbours use H(e)NBs. These H(e)NBs are switched on and off from time to time, therefore it is meaningless to set the timer with the value of e.g. 24 hours. However on the other hand if the timer is set to a short value, the MS has to read SIBs from CSG cells very frequently resulting in significant power consumption.
In one word it is not reliable and efficient for the MS to use the information in dedicated/Packet Transfer mode while received in idle mode.
2.3 Way forward
Considering H(e)NBs would be densely deployed in residential area PSC/PCI confusion is not a rare case.  PSC/PCI confusion is defined in a macro cell level which can not be avoided and may happen frequently. Since reading SIB/MIB of H(e)NB in active mode (i.e. dedicated mode, packet transfer mode, DTM) is the most efficient way to guarantee the validity of the routing information (GCI, ECGI, TAI) of the candidate CSG cell, it is proposed to make MIB/SIB reading in active mode [2][3] as a general solution to support inbound mobility to CSG cells. Our proposed way forward is that:
· The mobile station is allowed to read MIB/SIB in active mode for preliminary access check and report routing parameters to the BSS for potential handover. MIB/SIB reading is not performed by the mobile station in active mode if it identifies that the target cell does not seem to fulfil HO criteria. This would automatically discard candidate cells that would not be of much use anyway.
· The expected solution should have minimum impact on macro network, e.g. BSS, to avoid too much maintenance work for operators. To store additional information like mapping table of frequency, PCI/PSC and GCI/ECGI would lead to significant complexity. The BSS should be capable to make handover evaluation only relying on mobile’s report constructed by reading MIB/SIB in active mode, 
· MIB/SIB reading is autonomous behaviour of mobile station in active mode. The network doesn’t need to send any explicit order to trigger MIB/SIB reading nor assign any gap to limit the reading time for the following reason:

· Depending on UE capability, UE radio quality and available UE idle period, the optimal length of required SI gap would be very different. This may imply that the design of optimal procedure for gap assignment would not be that simple.
· Scheduled continuous gap to allow complete MIB and SIB reading will cause very long interruption which is hard to accept, e.g. in the worst case for HNB the gap needs about 400ms (80ms for MIB and 320ms scheduling period for SIB3), which would lead to considerable voice service degradation.
· Scheduled separated gaps to allow reading of MIB and SIB separately will bring much impact to macro network. The BSS must have the timing information of all H(e)NBs belonging to its coverage, even including the scheduling information of SIB (e.g. SIB3). If the BSS assign an unsuitable gap to the MS, the MS cannot find MIB/SIB at all.

· The scheduled gap mechanism loses some flexibility and increases signalling burden.
· Performance impact is for further study:
·  MIB/SIB reading in PTM: 
· To minimize the loss of data block and avoid the loss of signalling sent from the network, an optimization mechanism might be needed to inform the BSS when exactly the MS is reading MIB/SIB and during this reading period the BSS may decide not to send any signalling or data blocks to the MS.

· MIB/SIB reading in dedicated mode (or DTM):

· Different mobile vendors may have different implementation with specific algorithm and so it is unnecessary to specify the maximum continuous number of TDMA frames stolen by the mobile station, which can be left implementation specific. 
3 Conclusion
Based on the discussion in Sec 2, the proposal and way forward in [1] cannot solve the problem of PCI/PSC confusion and would lead to unnecessary handover failure with considerable service interruption. It is proposed to consider the way forward in this paper to further continue the study.
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