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1.
Introduction 
So far RAN2 have been extensively discussing about the details of inbound mobility procedure, where UE needs to perform SIB acquisition on the target cell. Actually the need of acquisition of SIB has been justified in two folds:

· To perform Preliminary Access Check (PAC)
UE needs to perform PAC, and PAC is generally assumed to be performed through SIB reading due to CSG ID presence in SIB
· To help PCI confusion resolution


UE can help network resolve the possible PCI confusion by sending target cell E-EGI that is read in SIB1 from target cell

SIB acquisition on the target cell requires substantial period of time during which UE can ignore control channel of its serving cell. Depending on how UE acquires the SIB at target cell, two options have been available, i.e., either autonomous gap or scheduled gap. Additionally, there have been many proposals for efficient SIB acquisition from both network and UE perspective. 

We think most of the complexity of current inbound mobility sequence comes from the SIB acquisition. However, it is questionable if SIB acquisition is really unavoidable in terms of PAC and PCI confusion resolution aspect. 
In this document we review some of what we have assumed so far about inbound mobility sequence, and proposed a simplified sequence of UE behavior, where UE would only rely on stored information for PAC and PCI confusion resolution, instead of reading SIB at target cell. 
2.
Discussion
2.1 Background
The first step for inbound handover is to find target CSG cells. Depending on whether UE visits the cell ever before or for the first time, UE would rely on different functionality to detect CSG cells:

· First visited CSG cell 
UE would perform manual search on the request by NAS. 
· Revisited CSG cell
autonomous search function shall work so that inbound mobility procedure can be triggered 
The issue of detecting CSG cells is largely related to finger print discussion, and this is beyond the scope of this document. However, we generally assume that finger print would be recorded whenever manual search for CSG cells is triggered and therein necessary access information and NAS information of found CSG cell are obtained. And this finger print information and stored system information would be further used by autonomous search. 
To see how such information is acquired and how it is used for e.g., autonomous search, we first try to sketch out expected UE behaviors during manual search as follows (not saying these behaviors are mandated though):
Firstly visited cell - manual CSG Search 
A. UE would find the CSG cell(s) and read system information of the cell(s)

B. UE would select a certain CSG cell upon the selection of user. 

C. UE would then store the access information of the CSG cell (allowed, CSG ID), and other NAS information (E-CGI, and TAI, ..). 

D. UE would then store finger print information on this location per implementation. Then UE adds a new record for the cell (finger print of a certain CSG cell, PCI, CSG ID, and other NAS information) into its finger print data base. The exemplary information structure is given in Table 1. 
	
	Finger Print Info
	Cell Info.

	Record Index
	Finger Print Info
(FPI)
	PCI
	CSG ID
	NAS info

	1
	FPI_1
	PCI_X
	ID_d
	Data

	2
	FPI_1
	PCI_Y
	ID_e
	Data

	3
	FPI_2
	PCI_W
	ID_d
	Data 

	4
	FPI_2
	PCI_W
	ID_x
	Data

	5
	FPI_3
	PCI_X
	ID_x
	Data


Table 1 Example of Visited Cell Info List (VCIL) for CSG cells stored in UE 
* CSG cell corresponding to record 1 and 5 are in PCI confusion in macro cell level (both having the same PCI, but different macro finger print). It is noted that finger print matching test can filter out this ambiguity.
* CSG cells corresponding to record 3 and 4 are in PCI confusion within finger print resolution level (both having the same PCI and the same macro finger print). Finger print matching test cannot filter out this ambiguity.
For the cell UE has ever visited recently, UE would have the stored information of the visited cell, as long as the corresponding record in the VCIL was not removed. Expected UE behaviors would be as follows (not saying these behaviors are mandated though):
Revisited CSG cell – autonomous search
A. UE measures macro cells and checks if the measurement results match with stored finger print. 

B. When finger print matching is passed, the UE tentatively considers itself to find some CSG cell(s) it has ever visited

· For example, UE finds measured results to be matching with finger print, FPI_1 in VCIL (record1 and record2)

C. If there are more than cells having the same finger print info stored in the UE as like in FPI_1 in VCIL, UE then reads physical cell id of target cell to identify the CSG cell further. Of course reading physical cell id does not involve SIB acquisition.
· For example, UE reads PCI_Y at the target CSG cell and sees it matching with the PCI of record 1 in VICL
D. For the detected CSG cell from the finger print matching and optionally PCI matching, the UE can further determine whether the cell is allowed or not, based on stored access information (CSG ID) and NAS info of the CSG cell
· For example, UE looks at CSG ID field of record 1 in VICL and compare it with its allowed CSG ID list. 

E. UE then further proceeds to SIB acquisition if the cell is allowed

From the general behaviors regarding CSG cell detection above, we note that
· PAC aspect
In the current sequence of inbound mobility, UE proceeds to SIB acquisition only if the detected cell is identified as being allowed, based on its stored information. This is intended to suppress unnecessary SIB acquisitions at non-allowed CSG cells. 
· PCI confusion resolution aspect 
As long as UE secures the validity of the stored information (otherwise the record was removed, and thus the CSG was not found…[some exceptional case…기억해봐]), it can report the stored CSG ID and other NAS info to help network resolve possible PCI confusion even before actually reading SIB.
2.2 Reconsiderations
It is interesting that, in the current flow sequence of inbound mobility, UE proceeds to SIB acquisition only if the detected cell is identified as being allowed based on its stored information, and in this way SIB acquisitions on the presumably non-allowed CSG cells are suppressed. This implies two important aspects:

A. PAC aspect 
This means that when UE tests finger print matching, it is implicitly checking if the cell is an allowed CSG or not. This is sort of PAC, based on stored information. 
B. PCI confusion resolution aspect 
The availability of system information of the detected cell also means that if a certain CSG cell passes finger print matching, the UE would already have the information of the cell required for confident handover (e.g., PCI, E-CGI, TAI for helping PCI confusion resolution)

PAC aspect
Regarding A, it seems now that UE now performs PAC two times for handover, and this is illustrated in Figure 1.
1) PAC based on stored information

2) PAC based on actual SIB acquisition
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Figure 1 Sequence of UE behaviors for inbound handover
For these two PACs, we are not sure if we really need both. If we should be able to answer the question on whether we really need the second PAC, we should be able to give out significant benefit of the second PAC. The benefit of PAC thorough SIB acquisition seems to be:
· UE can rule out the case that the CSG cell passes the first PAC but fails at the second PAC. This is possibly due to the change of CSG ID of the CSG cell , but seems to be a rare case
· Other benefit needs to be identified, if any. 
PCI confusion resolution aspect 

Regarding B, we see that UE already has the system information required for PCI confusion resolution. So when UE reads system information, the benefit would be: 

· UE can update system information of the CSG cell in case the system information of the cell changed. This may not be often. 
· Other benefit needs to be identified, if any. 

Conclusion of reconsideration
From the reconsiderations and benefit analysis on the SIB acquisition above, it seems that 

· The benefit of SIB acquisition is quite limited from both PAC and PCI confusion resolution perspective
3.
Proposal
In this section, we propose a simplified sequence of inbound mobility, where SIB acquisition at target cell is not performed. Sequences for both intra-frequency and inter-frequency case are suggested. 
3.1
Proposed sequence of inbound mobility (UE perspective)
3.1.1
Intra-frequency case

The proposed sequence is based on the sequence suggested in e-mail discussion on LTE inbound mobility [1].
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Figure 2 Intra-frequency handover

Features of proposed sequence

· UE applies this sequence to the cell which the UE has ever visited and thus acquired system information of the cell. 

· For the cell UE first visits, UE relies on manual search 

· The cell can be CSG cell and hybrid cell.

· Single measurement report is triggered for inbound handover
· The measurement report includes:
· Preliminary access check information based on stored information

· PCI confusion resolution information (e.g., E-CGI, TAI, …)

· General measurement result

· SIB acquisition is not performed
3.1.2
Inter-frequency case

The proposed sequence is based on the sequence suggested in e-mail discussion on LTE inbound mobility [1].
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Figure 3 Inter-frequency handover
Features of proposed sequence

· UE applies this sequence to the cell which the UE has ever visited and thus acquired system information of the cell. 
· For the cell UE first visits, UE relies on manual search 

· The cell can be CSG cell and hybrid cell.

· Measurement report including the followings is triggered for inbound handover
· Preliminary access check information based on stored information

· PCI confusion resolution information (e.g., E-CGI, TAI, …)

· General measurement result

· UE may send proximity indication to network to request a measurement configuration for inter-frequency measurement

· SIB acquisition is not performed
3.2
Analysis of proposed simplification

3.2.1
Benefit of the proposed simplification

Relying on stored information for PAC and reporting for PCI confusion resolution would provide following benefit, compared to the currently assumed sequence:
· UE and network behaviors become quite simpler

· Reduced handover delay can be achieved regardless of intra/inter-f inbound mobility

· Inbound mobility sequence becomes more similar to that of normal macro handover where single step measurement report is sufficient and no system information reading at target cell was intensively discussed and agreed. 
3.2.2
Preliminary access check aspect

We need to check if there is something broken with such proposed simplification in PAC aspect. The preliminary access check implicitly done during finger print matching can properly work, if the following conditions are met:

1) Finger print is valid for those CSG cells in PCI confusion. In case finger print becomes invalid, UE would fail to detect CSG cell based on the invalid finger print. 

2) The target cell that passes finger print matching still provides the CSG ID which was in the UE’s allowed CSG ID list in the previous visit, so that the CSG cell is still an allowed CSG cell for the UE. 
A brief review on the condition above can be sketched as follows:

· Regarding the first condition, the validity of finger print is a common issue for any solution for inbound mobility. 

· Regarding the second condition, the relevant question could be whether the simplified sequence can work for the case that the CSG cell changes its CSG ID. In this case, the UE would consider the CSG cell to be allowed based on its previous visit and report to network as such. Here we see the UE reporting wrongly about CSG admittance. However network would finally know the UE is not allowed for the target cell during final access check. Then the handover would not be triggered. So if we let UE skip SIB reading for PAC, such simplification does not seem to make situation any worse. 
Proposal 1
RAN2 is kindly requested to discuss the PAC aspect of proposed simplification.
3.2.3
PCI confusion aspect
We also need check if there is something broken with such proposed simplification in PCI confusion aspect. Proposed sequence can still provide the UE support of PCI confusion resolution without SIB acquisition, if the following conditions are met:

1) Finger print supports a sufficiently fine resolution such that two CSG cells in PCI confusion can be differentiated by the distinct finger print. Otherwise finger print matching and PCI matching cannot guarantee a unique identification of a cell among cells within a finger print resolution area. 
· The successful case is shown in Figure 3 where each CSG cell using the same PCI can be differentiated by distinct finger print

· The failure case is shown in Figure 4 where two CSG cells in PCI confusion are in the same finger print resolution area. In this case, reported information for PCI confusion resolution may be that of wrong cell with the probability of 0.5.
2) The system information of the concerned CSG cell for PCI confusion (e.g., E-CGI, TAI, ...) has not changed since UE lastly updated them, so that the stored information in the UE for PCI confusion can be considered to be valid. Then valid information for PCI confusion resolution can be reported to network by UE.

3) Finger print is valid for those CSG cells in PCI confusion. In case finger print becomes invalid, UE would fail to detect CSG cell based on the invalid finger print. 
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Figure 4 PCI confusion in the distinct finger print resolution area
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Figure 5 PCI confusion in the same finger print resolution area




A brief review on the condition above can be sketched as follows:

· Whether the first condition is met depends on the finger print mechanism UE would implement, and also on the macro cell environment, e.g., cell density 

· Whether the second/third conditions are met closely related with how network operator would operate this mixed (macro/femto) network. 
Proposal 2
RAN2 is kindly requested to discuss the PCI confusion resolution aspect of proposed simplification.
3.3
Further issues

In this document we try to propose a simplified sequence for inbound handover. This simplification is applied to the UE revisiting the CSG cell/hybrid cell for which the UE has system information for PAC and PCI confusion resolution. For the case UE first visit a CSG cell, we assume the manual search is applied. Then following case remains unresolved, and this issue is handled in [2]:
· When UE visits a hybrid cell for the first time, what UE should do?
· Since hybrid cell should be able to be considered as a normal cell, UE seemingly cannot rely on manual search for the hybrid cell

· Hybrid cell can suffer from PCI confusion, which challenges plug-and play deployment of hybrid cells. 
4.
Conclusion
In this document, we propose a simplified sequence for inbound handover. The justification of such simplification demands a joint discussion on following two aspects:
Proposal 1
RAN2 is kindly requested to discuss the PAC aspect of proposed simplification.

Proposal 2
RAN2 is kindly requested to discuss the PCI confusion resolution aspect of proposed simplification.
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