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Handling of Hybrid Cells in GERAN
1. Introduction
This paper aims at clarifying the definition and handling of hybrid cells in GERAN in particular compared to CSG cells.
2. Definition

In RAN specifications, the following definitions are used in Rel-9 (see e.g. TS 25.304, TS 25.413 for UTRAN and TS 36.304, TS 36.413 for E-UTRAN)
,
:

CSG Cell: a UTRAN or E-UTRAN cell broadcasting a CSG indicator set to true and a CSG identity. This cell operates in Closed Access Mode as defined in TS 22.220.

Hybrid Cell: a UTRAN or E-UTRAN cell broadcasting a CSG indicator set to false and a CSG identity. This cell operates in Hybrid Access Mode as defined in TS 22.220.

There is some discrepancy between the definition of hybrid cells in GERAN and that in RAN. The terminology “hybrid cell” was avoided in GERAN specifications as it was then understood a hybrid cell is seen either as a CSG cell or as a macro cell. The following definitions can be found in subclause 6.6.7.1 of TS 45.008:
NOTE 2:
A cell is a CSG cell if the CSG Indicator in its system information is set to TRUE.

NOTE 2a:
A cell for which the CSG Indicator in its system information is set to FALSE but broadcasts a CSG ID is considered by the MS as a CSG cell if its CSG ID matches any of the CSG IDs included in the MS’s "CSG Whitelist", otherwise it is considered as a non-CSG cell towards which normal cell reselection applies.
It should be considered whether, after the recent progress in the RAN working groups and the recent changes made to the the RAN specifications (see the CRs agreed at RAN#47 in RP-100222, RP-100300 and RP-100306), the definition above is still relevant/correct or some updates are required. The sourcing companies believe changes would be useful and to this end a change request is proposed in [3].
3. Hybrid cELLS’ PCI and PSC
Subclause 10.7 of 3GPP TS 36.300 states that the PCI values for E-UTRAN hybrid cells are not contained within the reserved PCI range for CSG cells. Although no such statement can be found explicitly for UTRAN CSG cells in TS 25.367, the sourcing companies assume that the same principle applies also to UTRAN CSG cells.
Also, recently RAN3 have agreed that in E-UTRAN a specific range of PCIs can be reserved by the network for hybrid cells (see subclause 10.7 of TS 36.300; see also R3-101321 from RAN3#67); this range will be selected from the range used for non-CSG (macro) cells and is not signalled to the mobile station (no information elements have been defined in TS 36.331), but is used by the network to recognize hybrid cells among reported neighbours
. Similarly, a UTRAN network can reserve a PSC range for UTRAN hybrid cells (see subclause 5.9.2 of TS 25.467: “it is assumed that the network knows whether the target cell is a hybrid cell, e.g. by PSC range for hybrid cells”), which is not signalled to the mobile.
4. CSG Cells handling
The tables below describe the reporting on and reselection to CSG cells, according to how CSG cells are indicated in the NCL and to the capabilities (and release) of the mobile station. The red text indicates undesirable behavior.
NOTE:
Throughout the following tables, it is assumed that E-UTRAN cells (including CSG cells) that are included in the list of “Not allowed cells” are not measured and/or reported.
Table 1. Reporting of CSG Cells
	Reporting of CSG Cells

	
	Rel-8 MS
	Rel-9 MS

	
	Non-CSG capable
	CSG Capable
	Non-CSG capable
	CSG capable

	No (CSG) PSC/PCI Split: CSG cells cannot be distinguished from non-CSG cells. CSG cells may be unknown
	Reporting(1) of (unknown) CSG cells will occur
	Identification of a CSG cell initially requires MIB/SIB Reading, which may not be possible on all detected cells(3). 
Reporting(1) of unknown CSG cells will occur

Reporting of known CSG cells will not occur (except PCCN if the cell’s CSG is on the “Allowed CSG list”)


	Reporting(1) of (unknown) CSG cells will occur
	Identification of a CSG cell initially requires MIB/SIB Reading, which may not be possible on all detected cells(3). 

Reporting(1) of unknown CSG cells will occur

Reporting(2) of known CSG cells will occur if supported by the MS, requested by the network, if the CSG ID is on the CSG Whitelist and provided L1 criteria are fulfilled

	(CSG) PSC/PCI Split: CSG cells can be distinguished from non-CSG cells. CSG cells are known
	No reporting of CSG cells will occur
	No reporting of CSG cells will occur (except PCCN if the cell’CSG is on the “Allowed CSG list”)
	No reporting of CSG cells will occur
	Reporting(2) of known CSG cells will occur if supported by the MS, requested by the network, if the CSG ID is on the CSG Whitelist and provided L1 criteria are fulfilled

	Dedicated frequencies
	No reporting of CSG cells will occur
	No reporting of CSG cells will occur (except PCCN if the cell’s CSG is on the “Allowed CSG list”)
	No reporting of CSG cells will occur
	Reporting(2) of known CSG cells will occur if supported by the MS, requested by the network, if the CSG ID is on the CSG Whitelist and provided L1 criteria are fulfilled

	NOTE 1: Reporting as macro cells

NOTE 2: CSG Cells Reporting i.e. measurement results and routing parameters
NOTE 3: MIB/SIB Reading is MS implementation specific. Given the lack of split information, the MS may avoid MIB/SIB Reading of cells not known to be CSG Cells, limiting it to when it enters the fingerprint area of known CSG cells (e.g. previously visited cells)


Table 2. Reselection
 to CSG cells
	Reselection to CSG Cells

	
	Rel-8 MS
	Rel-9 MS

	
	Non-CSG capable
	CSG Capable
	Non-CSG capable
	CSG capable

	No (CSG) PSC/PCI Split: CSG cells cannot be distinguished from non-CSG cells. CSG cells may be unknown
	Reselection to a (unknown) CSG cell that is not suitable may occur (hence possibly preventing reselection to any cell on the same frequency for up to 20min). [E-UTRAN] PCID to TA mapping may further limit this frequency “barring”
	Reselection to an unknown CSG cell that is not suitable may occur (hence possibly preventing reselection to any cell on the same frequency for up to 20min). [E-UTRAN] PCID to TA mapping may further limit this frequency “barring”
	Reselection to a (unknown) CSG cell that is not suitable may occur (hence possibly preventing reselection to any cell on the same frequency for up to 20min). [E-UTRAN] PCID to TA mapping may further limit this frequency “barring”
	Reselection to an unknown CSG cell that is not suitable may occur (hence possibly preventing reselection to any cell on the same frequency for up to 20min). [E-UTRAN] PCID to TA mapping may further limit this frequency “barring”

	(CSG) PSC/PCI Split: CSG cells can be distinguished from non-CSG cells. CSG cells are known
	No reselection to CSG cells will occur

	Reselection to CSG cells may occur in (packet) idle mode, and possibly in packet transfer mode(1), if the CSG ID is in the CSG Whitelist.

	No reselection to CSG cells will occur

	Reselection to CSG cells may occur in (packet) idle mode and packet transfer mode, if the CSG ID is in the CSG Whitelist.


	Dedicated frequencies
	
	
	
	

	NOTE 1:The mobile is not required to perform measurements on CSG cells in packet transfer mode, but is not prevented either.


Recommendation: 

· If frequencies are shared between CSG and non-CSG cells, the split of PSC/PCI is required to prevent undesirable operation of the system.

5. Hybrid cells

5.1 Handling
The table below describes the visibility and handling of hybrid cells according to how hybrid cells are indicated in the NCL and to the capabilities and release of the mobile station.

Table 3. Handling of hybrid cells

	[Rel-9] Hybrid Cells

	
	Rel-8 MS
	Rel-9 MS

	
	Non-CSG capable
	CSG Capable
	Non-CSG capable
	CSG capable

	No (CSG) PSC/PCI Split signalled
Or

PSC/PCI Split signalled but Hybrid split within (non-CSG) PSC/PCI  range not signalled i.e. hybrid cells indicated as macro cells
	Seen as macro cells

Reporting and reselection as for macro cells
	Seen as macro cells 
Reporting and reselection as for macro cells
The MS will check the CSG Indicator and – since it is set to FALSE – the MS will not check the CSG ID(1); therefore the MS will always access the cell only as a macro cell, even if the CSG ID is part of its “Allowed CSG list”. See e.g. clause 4 of TS 25.367
	Seen as macro cells

Reporting and reselection as for macrocells
	Identification of a Hybrid cell initially requires MIB/SIB reading(2), which may not be possible on all detected cells(3).

Seen as macrocells(4) if CSG IDs not acquired (i.e. MIB/SIB reading did not occur) or, if acquired, not within the CSG Whitelist

Reporting as for macrocells (Physical layer parameters). If CSG ID acquired and within the CSG Whitelist, the CSG-ID may be reported for handover purpose only.
It should be discussed whether  the CSG reporting threshold applies
Cell reselection always as per macrocell rules (see §5.1)

	NOTE 1: This is the assumption for a correctly implemented terminal; CSG indicator set to “FALSE” but a CSG ID is provided (i.e. unexpected coding in Rel-8) should not lead to some exception handling

NOTE 2: MIB/SIB Reading is MS implementation specific
NOTE 3: The autonomous search function for hybrid cells is implementation dependent. The MS is not required to check the CSG ID of all detected cells that are not known to be CSG cells to determine whether they are hybrid cells.
NOTE 4: In this case the mobile would not receive preferential treatment (in case of handover) even if the CSG ID were present in the CSG Whitelist


Scenarios where the PSC/PCIs for hybrid cells are within the PSC/PCI Split for CSG cells have not been considered as this violates the assumptions in the RAN specifications.
Hybrid cells should be accessible to legacy MS and Rel-9 MS that are non-CSG capable. For UTRAN cells, this means that hybrid cells need to be listed in the neighbour cell list (this is not necessary for E-UTRAN cells). This is problematic for Rel-9 CSG capable MS, in a similar fashion as CSG cells without CSG PSC/PCI split information are problematic to CSG capable MS: the MS may however avoid MIB/SIB reading (except in the fingerprint area of known hybrid cells, e.g. previously visited hybrid cells) otherwise the reading load may not be tolerable. As a result, when the MS has not acquired the CSG ID of the cell a hybrid cell will be treated as a macrocell even if its CSG ID belongs to the MS’s CSG Whitelist – no “preferential treatment” will be possible for this MS in case of handover (handover preparation).
To tackle this, the PSC/PCI range allocated to hybrid cells could be signalled to the MS, which could be used as a trigger for MIB/SIB acquisition and increase the likelihood of obtaining the CSG ID.  However the sourcing companies believe the impact on signaling may not be justified, thus would recommend aligning with RAN behavior as per Table 3 above.
Given that PSC/PCI confusion should not occur for hybrid cells, a hybrid cell could always be reported as a macro cell using physical layer parameters, i.e. the cell’s CGI is not needed in any scenario (cell change order, handover). In case the mobile station is a member of the CSG of the hybrid cell (as derived from the CSG ID of the cell, if acquired), the reporting of the CSG ID (and access mode) should be possible in case of handover, following the same rule as for CSG cells. Some modifications of the signaling proposed in [1]
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[2] is required to allow this possibility.
It should be discussed whether the CSG Reporting Threshold applies for hybrid cells when the MS is a member of the CSG, however no real benefit are foreseen of doing so, especially considering hybrid cells will be reported as macro cells in all other situations.
5.2 Cell reselection to hybrid cells always as per macro cells rules

As shown in Table 3 it is proposed that a mobile station always reselects hybrid cells as macro cells i.e. even if it is a member of the CSG of the cell, and never applies the CSG reselection rules
.

Indeed no scenario could be seen whereby there would be a need to operate differently, even if it is specified that way for intra UTRAN and intra E-UTRAN cases (i.e. CSG reselection rules apply). It should also be taken into account that a Rel-8 CSG capable mobile station would not apply CSG reselection rules either, even if the subscriber is a CSG member.
In case a hybrid cell is deployed on a macro frequency with a higher priority than GERAN, it is unlikely that the mobile station would reselect such cell earlier by using the CSG reselection rules instead of using the macro cell reselection rules. It is also most likely that it would first reselect a UTRAN/E-UTRAN macro cell, and later the hybrid cell from UTRAN/E-UTRAN.

In case a hybrid cell is deployed on a macro frequency with a lower priority than GERAN, using the CSG reselection rules would imply the mobile station reselecting the hybrid cell while it would not otherwise reselect any macro cell on this frequency (depending on radio criteria). This appears to be a rather unreasonable configuration.
6. ConclusionS
The following points can be concluded:

· Due to the nature of hybrid cells, hybrid cells should be accessible to legacy terminals and non-CSG capable Rel-9 terminals

· The behavior of a Rel-8 CSG Capable UE must guarantee that a failure will not be determined upon reselection to a hybrid cell due to (Rel-8) “inconsistent” setting between the CSG indicator to “FALSE” and the provision of the CSG ID. This may require some clarification from RAN2
· Hybrid cells are allocated PSC/PCIs within the macro PSC/PCI split. Hybrid cells shall not be allocated a PSC/PCI within the CSG PSC/PCI split, in line with RAN assumptions. 

· It is proposed that a Rel-9 CSG capable MS always reports a hybrid cell using only physical layer parameters, regardless of whether is a member of the CSG of the hybrid cell or not. 
· In case a Rel-9 CSG capable MS is a member of the CSG of the hybrid cell (as derived from the CSG ID of the cell, if acquired), and if handover to CSG is supported both by the network and the MS, it should be possible for the MS to report - alongside the physical layer parameters - the access mode and the CSG ID , following the same rule as for CSG cells (i.e. if requested by the network). 
· It needs to be clarified whether the CSG Reporting Threshold applies for hybrid cells (i.e. CSG ID within the MS’s CSG Whitelist) noting it does not apply otherwise (i.e. the cell is seen and treated as a macro cell by other MSs). It is proposed that the CSG reporting threshold does not apply for hybrid cells.
· It is the responsibility of a (target) hybrid cell to offer preferential treatment according to a mobile station’s membership status. It is not the responsibility of the (source) GERAN cell to offer preferential treatment for handover or cell change order purpose.
It is also recommend that when frequencies are shared between CSG and non-CSG cells, the split of PSC/PCI be signaled to prevent abnormal/undesirable operation of the system
Although this is the understanding of the sourcing companies, if other companies have a different understanding it may be useful to clarify any of the assumptions above with RAN2 and/or RAN3.

The sourcing companies believe that it would be useful to revise the description of hybrid cells in TS 45.008; to this end, a Change Request is provided in [3].
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� The wording is slightly different in different specs but the principle is the same. Note also that the definition of CSG cell is different in the Rel-8 specifications, as hybrid cells have only been specified in Rel-9.


� For all the referenced specification, the version generated after RAN#47 (March 2010) should be used.


� This works well in UTRAN and E-UTRAN, where the mobile station reports the physical layer parameters for CSG cells, and reports the routing parameters only upon request from the network; see subclause 8.1.2 of TS 25.367 and subclause 10.5.1.2 of TS 36.300.


� In this contribution, the term “reselection” addresses all outbound mobility mechanisms from GERAN


� From TS 45.008: “If the strongest cell (see 3GPP TS 25.304 and 3GPP TS 36.304 for the definition of the strongest cell) which the MS has detected on a UTRAN or E-UTRAN frequency is a suitable CSG cell (see 3GPP TS 25.304 and 3GPP TS 36.304 for suitability criteria for UTRAN and E-UTRAN CSG cells respectively), it should reselect to this cell irrespective of the cell reselection rules applicable for the cell on which the MS is currently camped.”





