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LTE CSG Notification in GERAN
1. Introduction

This is a revision of [1] with changes highlighted. [1] was presented at GERAN#39, but the general feedback was that further time to consider the proposal was required, also taking account of developments in RAN groups.
The introduction of neighbour cell lists for LTE allows an MS to be aware of the frequencies used for LTE cells and, for each of those frequencies, the physical layer identities of those cells which the mobile should not measure or reselect to i.e. the blacklisted cells.
This paper addresses issues associated with closed susbscriber group (CSG) LTE cells with respect to neighbour cell lists. It has been decided that frequencies used only by CSG cells (i.e. Home eNodeBs) will not be listed in neighbour cell lists.  Even for CSG cells operating on shared frequencies (i.e. also used by macro / non-CSG LTE cells), there could arise problems if mobile stations cannot determine easily at the physical layer whether an LTE cell is a CSG cell or not, and if a CSG cell, the CSG ID of that cell.
This paper describes some of these problems, and proposes some solutions.
2. Assumptions

It is assumed that:

· the MS has stored a CSG ID whitelist, i.e. a list of CSG IDs corresponding to those cell(s) which it can access.
· CSG cells may exist on a dedicated CSG frequency, or may co-exist with macro LTE cells on a frequency

· connected mode mobility from GERAN to LTE CSG cells is not supported in Rel-8. 

· connected mode mobility from GERAN to LTE CSG cells will be required in Rel-9.

· UEs in LTE connected mode or GERAN connected mode cannot read SIBs from LTE cells

· UEs camped or in connected mode on a CSG will perform intra-frequency measurements/reports/mobility in the same way that a UE camped on a macro LTE cel will.

· it is not possible to identify a CSG cell as such based only on the PCI

3. Problem

In all, there are three distinct problems so far arising, that arise in a variety of scenarios.

Problem 1: An MS doesn't know about a dedicated CSG frequency, preventing idle mode reselection to a CSG cell.

The scenarios where this arises are as follows:

	Scenario


	CSG Frequency
	MS capability
	MS state

	1.A
	Dedicated (CSG-only)
	CSG-capable (has CSG subscription) 
	GERAN, Idle

	1.B
	
	
	CSG, Idle (on a different frequency)

	1.C
	
	
	LTE, Idle


Problem 2: An MS doesn't know about a dedicated CSG frequency, preventing handover to a CSG cell.

The scenarios where this arises are as follows:

	Scenario


	CSG Frequency
	MS capability
	NW capability
	MS state

	2.A
	Dedicated
	CSG-capable
	any
	LTE, Connected

	2.B
	
	CSG-capable & Rel-9
	Rel-9
	GERAN, Connected


Problem 3: A mobile should not measure/report CSG cells, because mobility towards them is impossible
In GERAN in particular, reporting bandwidth is limited, and in a region with high density of CSG cells on a shared frequency, it may be that several of the best cells are CSG cells, towards which handover cannot take place.

	Scenario


	CSG Frequency
	MS capability
	NW capability
	MS state

	3.A
	Shared (CSG and macro)
	MS and/or NW is Rel-8
	GERAN, Connected

	3.B
	
	non-CSG capable
	any
	LTE(macro), Connected

	3.C
	
	any
	any
	CSG connected

	3.D
	Dedicated
	CSG-capable
	any
	CSG connected on same frequency


4. Overall solution

4.1. Solution to problems 1 & 2: Provide 'on-demand' information for CSG cells from macro cells
Due to the limited space available for GERAN broadcast information, it is proposed that information regarding CSG cells included in the broadcast system information be kept to a minimum.

Specifically, it is proposed that a GERAN BSS indicate one of the following:

· the BSS has no knowledge of CSG cells

· the BSS knows that there are no CSG cells within its coverage area

· the BSS is aware that there are 1 or more CSG cells within its coverage area (but has no further detailed knowledge)

· the BSS has detailed knowledge (i.e. PCI / frequency parameters / CSG IDs) for one or more CSG cells within the coverage area.

Clearly the last case above is considered preferable. In this case, since it could be beneficial to individual mobiles to be aware of the existence of CSG cells (to allow mobiltiy towards those cells), the use of a non-broadcast control channel (e.g. PACCH) to provide information on individual CSG cells to CSG-subscribed mobiles is proposed.  In order to limit the amount of control bandwidth required, it is suggested that the mobile could provide its CSG whitelist to the BSS, allowing the BSS to provide information only on those cells to which the mobile has a subscription.
From the MS perspective, if a MS is CSG-capable (meaning that it has a subscription to one or more CSGs):

i) if the BSS indicates that one or more CSGs exist within the coverage area (but that it has no other detailed information), the MS can initiate a 'blind' search.

ii) if the BSS indicates that one or CSGs exist within the coverage area and that the BSS has stored a list of CSG IDs, the MS can request that information from the BSS, providing its whitelist so that the BSS provides only frequencies/PCIs for those cells accessible to the mobile.
Maintenance of the BSS list could be via O&M and/or by automatic updating from MS's measurement reports – for example, a mobile could be requested (or required) to report to the BSS the results of a blind search (i.e. for each CSG cell found, its CSG ID, Frequency and PCI).
The existence of such a list at the BSS would appear to be a pre-requisite in any case for PS Handover towards CSG cells (or even PS Handover towards LTE cells on a shared macro/CSG frequency) since it is clearly preferable that handover preparation towards a target cell does not take place if the mobile does not have a subscription to that [CSG] cell. The proposal above would ensure that the MS would measure and report only those cells which it is allowed to access, thereby avoiding the possibility of failed handovers due to inaccessible target cells.

4.2. Solution to problem 3: Indication of CSG cells on shared frequencies

One simple solution to avoid attempted mobility towards CSG cells for mobiles which are not "CSG-capable" (i.e. have no CSG subscription) by means of reselection, or for CSG-subscribed mobiles which are currently connected to a CSG cell (by means of handover) is to make it apparent from the PCI whether the cell is a CSG cell or not. This is currently being discussed in RAN working groups.

If no such distinction is possible then it may be necessary to blacklist CSG cells

For cases where the mobile is already in a CSG cell on a dedicated frequency (i.e. scenario 3.D), the fact that this is a dedicated CSG frequency should be signalled in the CSG cells system information, so that mobiles in connected mode know that other cells on the same frequency are all CSG cells.   
5. UMTS-based CSG Cells

Similar issues as described above apply to CSG cells using UMTS, with the following important distinctions:


- legacy UMTS devices exist, and the performance of these devices must not be reduced by the presence of CSG cells.

- UMTS neighbour cell lists are based on an 'explicit whitelist' principle, rather than a 'blacklist'.

In spite of these differences, the same issues arise e.g. how should a mobile be notifed of the existence of those CSG cells which it can/cannot access?

6. Hybrid solution according to CSG type

CT1 have defined different classes of CSG cell, according to the expected deployment scenario – e.g. classes for home, small enterprise, large enterprises, etc. [2]
Considering the different requirement for each type, it could be that a hybrid approach is appropriate:

Home cells: Each user may have only a few CSG cells of these type in their whitelist and these cells will be in predictable locations (i.e. known by the user). However, there may be several hundreds or thousands of these within the coverage of a single macro cell.
=> Proposal: Use manual search + 'macro-fingerprinting' for these cells.  This avoids a macro cell having to store information for hundreds or thousands of cells, while having a negligible impact on the complexity/storage requirements for individual mobiles.

Enterprise cells (e.g. hotspot scenarios/corporate networks/coffee shop chains): Users will typically not know in advance where these cells are located, yet there may be only tens or hundreds of these cells within the coverage of a macro cell.
=> Proposal: Provide 'on-demand' notification by point-to-point signalling as described in section 4 for these cells.  This avoids users having to trigger manual (or implmentation-specific 'blind') searches in unknown areas and/or the mobile having to store fingerprints for the hundreds or thousands of cells which it may be able to access.
7. Overall Benefits & Conclusion
The problems associated with the 3 problems highlighted in section 3 can be summarized as:

· higher battery consumption due to measuring inaccessible cells

· wasted measurement bandwidth (of CSG cells to which the MS does not have a subscription)
· higher battery consumption due to 'background' searching for CSG cells which may not exist

The solutions in section 4 resolve all of the above problems, in addition to reducing the probability of unsuccessful handover preparations due to the BSS receiving and acting on measurement reports of CSG cells to which the MS does not have a subscription.

In summary, it is proposed:

Proposal 1: That broadcast system information contain a minimum of information on CSG cells

Proposal 2: That a mechanism for a mobile to obtain a list of accessible CSG cells from the BSS be defined.

Any agreements on the above proposal should be communicated to RAN groups for their information.
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