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Reselection to CSG cells from GERAN
1. Introduction

Reselection towards CSG cells (either UMTS or E-UTRAN) is within the scope of various Rel-8 work items but has not yet been concluded.  This paper proposes a way forward to deal with this topic in the Rel-8 timeframe, in line with mechanisms proposed in other groups.

2. Principles:
The principles proposed are the following:


i) CSG operation (including inbound mobility) must be feasible without any upgrade to macro cells


ii) Macro cells may (but need not) signal 'supporting' information (e.g. PCI / PSC values reserved for CSG cells, CSG-specific frequencies)


iii) Rules and perrformance requirements for reselection towards CSG cells will not be standardised but will be implementation-specific

iv) The introduction of CSG cells shall not degrade the performance of legacy UMTS/GSM dual-mode terminals.

3. Working assumptions
Based on offline discussions with RAN2 colleagues regarding autonomous cell reselection  towards UMTS and LTE CSG cells from macro UMTS/LTE cells, the following working assumptions are proposed. Note that some are applicable to only UMTS CSG target cells or only LTE CSG target cells.
The proposals apply equally to autonomous cell reselection in idle mode and in packet transfer mode.

3.1. Working assumptions that are out of scope of GERAN

	
	LTE CSG cells?
	UMTS CSG cells?
	Description
	Note/Open issues?

	1
	Y
	Y
	CSG cell must broadcast PCI / PSC split
	

	2
	Y
	Y
	Reselection away from CSG cells is according to normal reselection rules (i.e. standardised, taking into account reselection parameters + absolute priorities if used). In this case, CSG cells have 'super-priority', i.e. above all other cells /RATs.


	

	3
	Y
	Y
	"CSG ID (if broadcast by cell) in CSG ID whitelist" is added to Rel-8 definition of "suitable" for normal reselection.

(therefore, no RAU/LAU/TAU will occur for Rel-8 UEs on a CSG cell if CSG ID of that cell is not in whitelist)
	


3.2. Working assumptions from RAN2 where GERAN should consider aligning

In the assumptions below, those with yellow highlighting have some impact to the specifications

3.2.1. Neighbour Cell Lists broadcast by macro cells

	
	LTE CSG cells?
	UMTS CSG cells?
	Description
	Note/Open issues/ Specifications affected

	4
	Y
	Y
	Macro cell may broadcast PCI / PSC split (i.e. range reserved for CSGs)
	44.060/44.018 (Messages)

	5
	Y
	Y
	Lack of broadcast PCI/PSC split info = "no information" (it does not mean "no CSG cells", "no split", or anything else)
	44.060/44.018  (Procedures)
(45.008?)

	6
	Y
	Y
	UE can consider PCI/PSC split valid for 24h in same PLMN as received
	44.060/44.018 (Procedures) 

(45.008?)

	7
	
	Y
	Macro cells may list (in Rel-8 extension) dedicated UMTS CSG frequencies (valid only in current cell), indicating that these are Dedicated CSG Frequencies
	44.060/44.018 (Messages)

	8
	
	Y
	Macro cell may list dedicated UMTS CSG frequencies in the neighbour list in order that legacy devices can reselect towards the CSG cell(s) 
	see Open Issue below

	9
	
	Y
	UMTS CSG cells on shared frequencies may appear in the broadcast NCL
	see Open Issue below

	10
	Y
	
	Macro cells never broadcast dedicated LTE CSG frequencies
	

	11
	Y
	
	Shared frequencies (i.e. frequencies which have both CSG and macro cells) are broadcast by macro cells in the neighbour cell list, but the distinction between macro-only and macro/CSG-shared is not signalled
	


3.2.2. Reselection towards CSG cells

	
	LTE CSG cells?
	UMTS CSG cells?
	Description
	Note/Open issues/ Specifications affected

	12
	Y
	Y
	Searching for and reselection towards known CSG cells (i.e. those on dedicated frequencies and/or where PCI/PSC split is known) are entirely implementation dependent.


- since there are no reselection parameters applicable, there is no possibility to rank cells;

- standards-compliance testing of reselection is not possible
	Requirements to avoid paging loss (idle mode) or service interruption (GERAN pkt transfer mode) are FFS
Note in 45.008?

	13
	Y
	Y
	UE search/reselection towards macro cells on shared CSG frequencies should not be degraded by the presence of CSG cells
	If PCI/PSC split is not known, some degradation is inevitable

	14 
	
	Y
	Reselection to CSG UMTS cell which is listed in macro NCL is as for macro cells, i.e. mobile is not required to confirm via SIB reading in advance that a cell is/is not a CSG cell.


	see Open Issue below

	15 
	Y
	
	UE (that does not know CSG PCI split) is not required to confirm via SIB reading in advance that a cell found on a frequency which is in the macro NCL is/is not a CSG cell.
	Same rules apply for G->LTE as for GERAN->UMTS, i.e. UE may initiate reselection based on L1 parameters alone.


3.2.3. Behaviour with respect to CSG cells

	
	LTE CSG cells?
	UMTS CSG cells?
	Description
	Note/Open issues/ Specifications affected

	16
	Y
	
	If PCI split is known, and CSG whitelist is empty, then CSG PCIs are treated as if in the "not allowed cells" list
	This implies that UE can cause interference to stronger (not-allowed) CSGs, however this is unavoidable
45.008

	17
	
	Y
	If PSC split is known, and CSG whitelist is empty --> any CSG PSCs in macro NCL (b/cast in GERAN etc.) are ignored for reselection
	This implies that UE can cause interference to stronger (not-allowed) CSGs, however this is unavoidable
45.008

	18
	Y
	
	Behaviour if mobile initiates reselection due to L1 rules, then determines CSG ID not in whitelist.

- note: UE will get PCI split from CSG cell, so if whitelist is empty, see WA16 
	Behaviour of mobile in this case is FFS: should frequency be barred (as for LAU reject?), if so for how long; alternative: add PCI to "not allowed cells" list.
Duration of validity of information is FFS.
45.008

	19
	
	Y
	Behaviour if mobile initiates reselection due to L1 rules, then determines CSG ID not in whitelist.


- note: UE will get PSC split from CSG cell, so if whitelist is empty, see WA17
	Behaviour of mobile in this case is FFS: should frequency be barred (as for LAU reject?); alternative: ignore cell in NCL.

45.008



3.2.4. Summary of modifications required

Assuming that the above assumptions are agreed, the following changes are required to the stage 3 specifications:

· 44.060, 44.018 (Messages): 
· Inclusion of PCI / PSC range reserved for CSG cells in GERAN system information (see WA4)

· Inclusion of dedicated CSG frequencies for UMTS and LTE (see WA7)

· 44.060, 44.018 (Procedures) + possibly 45.008: 
· Definition of PCI / PSC split (see WA 5)
· Validity of PCI/PSC split information (see WA 6)

· 45.008:
· Definition of PCI / PSC split (see WA 5) ?

· Validity of PCI/PSC split information (see WA 6) ?

· Clarification that reselection towards CSG is implementation dependent (see WA 12)

· Treatment of known CSG cells in case CSG whitelist is empty (see WA 16, 17)

· Behaviour in case of no CSG subscription for CSG ID (FFS) (see WA 18, 19)

4. Open Issue: UMTS CSG cells in legacy NCL

It has been suggested that CSG cells could be added to legacy (Rel-7) neighbour cell lists in order to allow legacy devices to camp on UMTS CSG cells (following the legacy reselection rules).  However, there is a serious risk that this could degrade performance of such legacy dual-mode GSM/UMTS dual-mode devices, due to the increased probability of a failed LAU on a CSG cell.

Rel-7 specifications allow for a mobile to ignore a UMTS frequency for up to 20 minutes after receiving a LAU reject from a cell on that frequency. An increase in density of cells which will trigger such a LAU reject (i.e. CSG cells to which the rel-7 device does not have access) may considerably reduce the probability that a mobile will search for macro cells on that frequency as shown below.


[image: image1.emf]GSM

UMTS f1

UE in GERAN idle mode / pkt 

transfer mode

UE performs L1 measurements of UMTS

UE detects UMTS cell that 

meets L1 reselection criteria

UE retunes to UMTS cell

UE decodes UMTS BCCH 

and checks suitability etc.

Cell is suitable

UE performs LAU; LAU rejected “forbidden for 

roaming”

LAI added to ‘forbidden LAI’ 

list

UE returns to GERAN

UE performs L1 measurements of 

UMTS

No further reselection 

attempts to UMTS f1 for 

up to 20 minutes

S

e

r

v

i

c

e

 

i

n

t

e

r

r

u

p

t

i

o

n

 

i

n

 

G

E

R

A

N

 

p

a

c

k

e

t

 

t

r

a

n

s

f

e

r

 

m

o

d

e

This cell may be a Rel-7 

UMTS macro, Rel-8 UMTS 

macro, or Rel-8 UMTS CSG –

the UE cannot distinguish


While it cannot be specified that an operator shall never add a CSG cell to the legacy NCL, it is nevertheless recommended that a note indicating the risks of such action should be added to the standard.

5. Conclusion and Summary
The main principles and open issues relating to reselection from GERAN to CSG cells can be summarised as follows:


1. CSG cells which can be identified as such at layer 1 are not candidates for reselection as specified for inter-RAT reselection in 45.008.


2. Possible behaviour when such reselection occurs towards a cell which turns out to be a CSG cell (but could not be identified as such at L1) has been identified above, but need to be confirmed with GERAN 1.

3. Reselection towards cells which are known to be CSG cells are implementation specific.  Requirements for minimisation of service interruption to GERAN packet transfer mode are FFS.
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