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1. Introduction

During the RAN2#49 meeting T-Mobile brought up a discussion on the UE behaviour in partial roaming scenarios in R2-052725.

Following that presentation quite some discussion took place online and offline and we see a need to discuss some basic UE behaviour as well as some improvements already proposed.
2. Discussion

As explained in R2-051940 and defined in TS25.304 (for UTRAN) and TS45.008 (for GERAN), cell reselection for normal camping shall only be performed to a cell which is suitable. The suitability criteria for a UTRAN cell is defined in TS 25.304 and requires some preconditions besides the RF conditions (not barred, not reserved for operator use, belong to the registered PLMN and nevertheless: is NOT part of the “list of forbidden LAs for roaming”).

We would like to draw the attention to the last requirement:

As a UE from reading of the information on the serving cell (either GERAN or UTRAN) is not aware if the neighbour cell indicated in e.g. SIB 11 belongs to a LA which is not allowed, the UE needs to sync to that target cell first, read the BCCH (in particular SIB1 in this case to obtain the LAI of the cell) and finally get aware that the cell is not suitable, hence cell reselection to that cell is not allowed. Finally the UE will end up in the original serving cell as cell reselection could not happen, but is, according the requirements of the 3GPP specs, still required to perform measurements of all cells listed in the neighbour cell information.

A similar scenario is applicable for the cell reselection between different PLMNs using equivalent PLMN (ePLMN). RAN2 got aware of this problem already some time ago and introduced SIB18 which indicates the PLMN a neighbour cell belongs to.

At least four scenarios are not addressed today in 3GPP specs, which should be considered also:

1. Cell reselection from GERAN to UTRAN, where all dual mode UEs are following the cell reselection, but a specific group of mobiles is not allowed to use the UTRAN cell (as being rejected on a LA granularity, hence the target cell is not suitable)

2. Cell reselection from UTRAN to GERAN, where a specific group of mobiles is following the cell reselection parameterization, but is not allowed to use the GERAN cell (as being rejected on a LA granularity, hence the target cell is not suitable)

3. UTRAN inter-frequency mobility which bias the cell reselection to a specific UTRAN frequency, but on the other hand would like to avoid access for specific groups of users (again for example based on LAU reject).
4. (new after offline discussions) The UTRAN intra-frequency case where LAs on the same UTRAN carrier are selectively barred for certain UEs.

5. (new after offline discussions) Cross-country scenario to avoid interference problems at PLMN borders.
Special attention should be drawn to the 4th case in the list above first:
Considering the case where some intra-frequency neighbour cells configured in the current serving cell belong to a LA which is in the “list of forbidden LAs for roaming”, while others are not. For the UE we have this situation:
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Figure 1 – UE camped on highest ranked cell which is not in the list
As long as the highest ranked cell belongs to an allowed LA, the UE remains there taking into account the cell reselection rules from TS25.304.

As soon as the UE physically moves towards the green NodeB which belongs to a LA which is already in the “List of forbidden LAs for roaming” (and hence the cell is not suitable) the UE behaviour is not clearly defined in TS25.304. 
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Figure 2 – UE camped on highest ranked cell, even if not suitable ?
Either the UE camps on the highest ranked cell in limited service, or …
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Figure 3 – UE camped on highest ranked suitable cell ?
… the UE selects the highest ranked suitable cell of the available neighbours ?
This is the first basic question which needs to be answered by RAN2 
Unfortunately the description of suitable cell and cell reselection leave open the interpretation, that cell reselection is only allowed to suitable cells.
· The definition of suitable cell intends to describe the “service characteristics” which can be obtained from such a cell:

suitable cell:

A "suitable cell" is a cell on which the UE may camp on to obtain normal service. Such a cell shall fulfil all the following requirements.

-
The cell shall be part of either: 

· the selected PLMN, or: 
· the registered PLMN, or:
· a PLMN of the Equivalent PLMN list
according to the latest information provided by the NAS.

-
The cell is not barred, see subclause 5.3.1.1;

-
The cell is part of at least one LA that is not part of the list of "forbidden LAs for roaming" [9], which belongs to a PLMN that fulfils the first bullet above;
-
The cell selection criteria are fulfilled, see subclause 5.2.3.1.2.

· from the definition of the cell reselection process following is required:

If an FDD cell is ranked as the best cell and the quality measure for cell selection and re-selection is set to CPICH RSCP, the UE shall perform cell re-selection to that FDD cell.

If an FDD cell is ranked as the best cell and the quality measure for cell selection and re-selection is set to CPICH Ec/No, the UE shall perform a second ranking of the FDD cells according to the R criteria specified above, but using the measurement quantity CPICH Ec/No for deriving the Qmeas,n and Qmeas,s and calculating the R values of the FDD cells. The offset Qoffset2s,n is used for Qoffsets,n to calculate Rn, the hysteresis Qhyst2s is used for Qhysts to calculate Rs. For UE in RRC connected mode states CELL_PCH or URA_PCH the hysteresis Qhysts takes the value Qhyst2s,PCH to calculate Rs, if provided in SIB4 [see 4]. For UE in RRC connected mode state CELL_FACH the hysteresis Qhysts takes the value Qhyst2s,FACH to calculate Rs, if provided in SIB4 [see 4]. If the usage of HCS is indicated in system information, TEMP_OFFSET2n is used to calculate TOn. If it is indicated in system information that HCS is not used, TEMP_OFFSETn is not applied when calculating Rn. Following this second ranking, the UE shall perform cell re-selection to the best ranked FDD cell.
The latter requirement on the cell reselection procedures mandates the UE to reselect to the highest ranked cell, regardless of the cell status . The entire chapter 5.2.6 of TS25.304, which describes the cell reselection evaluation process, does not contain the word “suitable cell” at all. 

From this it could be concluded that in case the highest ranked cell is not suitable as being part of “the list of forbidden LA for roaming”, the UE shall enter Limited Service and resume search for a suitable cell following 5.2.2.5:
5.2.2.5
Camped on any cell State overview

In this state the UE obtains limited service and shall behave as specified in subclause 5.2.9. The UE shall regularly attempt to find a suitable cell, trying all RATs that are supported by the UE. If a suitable cell is found, this causes an exit to number 2 in figure 2.

NOTE:
The 'PLMN selection' process may select a new PLMN at any time in idle mode, which in Figure 2 causes an exit to number 1.

Based on this analysis we come to the conclusion that the UE shall select the highest ranked cell regardless of whether that cell can provide full service or not. If the highest ranked cell is not suitable the UE reselects that cell and remains “camped on any cell state” with limited service (only emergency calls are allowed). In the illustrations above of this contribution that is the case in figure 2.
For the partial roaming within one PLMN this would also have the benefit that restrictions on LA granularity could be applied, while the geographical borders of service/non-service areas would be somehow clearly defined without getting to fuzzy and the risk of interference creation is minimised. 
Our proposal is to enhance the wording in TS 25.304 clearly in a way that for the intra-frequency case the UE shall reselect to the highest ranked cell, independent of the cell status.  The UE shall go to limited service state as long as this cell or another cell which is in the “list of forbidden LA for roaming”; option in figure 2 above. If that cell is not suitable due to being barred or being reserved the UE shall take the IE “intra-frequency cell reselection indicator” into account for the cell reselection rules.
Proposal

We propose that the option in figure 2 is identified as being the required UE behaviour for the intra-frequency case and reflect this in TS 25.304 with improved wording outlined in the attached draft CR.
3GPP TSG-RAN-WG2 Meeting #51
R2-050451
Denver, USA, Feburary 13th – 17th 2006
	CR-Form-v7.1

	CHANGE REQUEST

	

	(

	25.304
	CR
	-
	(

rev
	
	(

Current version:
	5.9.0
	(


	

	For HELP on using this form, see bottom of this page or look at the pop-up text over the (
 symbols.

	


	Proposed change affects:
(

	UICC apps(

	
	ME
	X
	Radio Access Network
	
	Core Network
	


	

	Title:
(

	Effect of partial roaming restrictions on cell reselection 

	
	

	Source:
(

	T-Mobile

	
	

	Work item code:
(

	TEI5
	
	Date: (

	13/02/2006

	
	
	
	
	

	Category:
(

	F
	
	Release: (

	Rel-5

	
	Use one of the following categories:
F  (correction)
A  (corresponds to a correction in an earlier release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)

Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	Use one of the following releases:
Ph2
(GSM Phase 2)
R96
(Release 1996)
R97
(Release 1997)
R98
(Release 1998)
R99
(Release 1999)
Rel-4
(Release 4)
Rel-5
(Release 5)
Rel-6
(Release 6)

     Rel-7
(Release 7)



	
	

	Reason for change:
(

	Currently it is not very precisely defined how a UE shall behave if the highes ranked cell belongs to a LA which is part of the “list of forbidden Las for roaming”.

It could be interpreted that the UE shall not take this cell intoaccount for cell reselection and hence might camp on a lower ranked intra-frequency cell, potentially creating interference which should be avoided. 

	
	

	Summary of change:
(

	The section on highest ranked cell with access restrictions the headline is changed to include “or not suitable for normal camping”.
A sentence is added to 5.2.6.1.3 and 5.2.6.1.4 that the UE shall reselect to a highest ranked intra-frequency cell also in case it is not suitable as that cell is part of the “list of forbidden LAs for roaming”. After cell reselection the UE is required to enter “limited service state” on that cell.
Implementation of this CR by a R99/Rel-4 UE will not cause backwards compatibility issues.

	
	

	Consequences if 
(

not approved:
	A UE implemenation might consider that the UE is not allowed to reselect to a intra-frequency cell which is highest ranked, but not suitable due to the fact that it is part of the “list of forbidden LA for roaming”. With such a behaviour the UE would remain on the best ranked suitable intra-frequency cell and create interferce towards the intra-frequency neighbour cells, which should be generally minimised in CDMA systems.

	
	

	Clauses affected:
(

	

	
	

	
	Y
	N
	
	

	Other specs
(

	
	X
	 Other core specifications
(

	

	affected:
	
	X
	 Test specifications
	

	
	
	X
	 O&M Specifications
	

	
	

	Other comments:
(

	


How to create CRs using this form:

Comprehensive information and tips about how to create CRs can be found at http://www.3gpp.org/specs/CR.htm.  Below is a brief summary:

1)
Fill out the above form. The symbols above marked (
 contain pop-up help information about the field that they are closest to.

2)
Obtain the latest version for the release of the specification to which the change is proposed. Use the MS Word "revision marks"  feature (also known as "track changes") when making the changes. All 3GPP specifications can be downloaded from the 3GPP server under ftp://ftp.3gpp.org/specs/ For the latest version, look for the directory name with the latest date e.g. 2001-03 contains the specifications resulting from the March 2001 TSG meetings.

3)
With "track changes" disabled, paste the entire CR form (use CTRL-A to select it) into the specification just in front of the clause containing the first piece of changed text.  Delete those parts of the specification which are not relevant to the change request.

5.2.6.1.3
Highest ranked cells with cell reservations, access restrictions or unsuitable for normal camping
For the highest ranked cell (including serving cell) according to cell reselection criteria specified in subclause 5.2.6.1.4, the UE shall check if the access is restricted according to the rules in subclause 5.3.1.1.

If that cell and other cells have to be excluded from the candidate list, as stated in subclause 5.3.1.1, the UE shall not consider these as candidates for cell reselection. This limitation is removed when the highest ranked cell changes. 
If the highest ranked intra-frequency cell is not suitable due to being part of the “list of forbidden LAs for roaming”, the UE shall reselect to that cell and enter “limited service state”.
5.2.6.1.4
Cell Reselection Criteria

The following cell re-selection criteria are used for intra-frequency cells, inter-frequency cells and inter-RAT cells:

The quality level threshold criterion H for hierarchical cell structures is used to determine whether prioritised ranking according to hierarchical cell re-selection rules shall apply, and is defined by:
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If it is indicated in system information that HCS is not used, the quality level threshold criterion H is not applied.
The cell-ranking criterion R is defined by:
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where:
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TEMP_OFFSETn applies an offset to the H and R criteria for the duration of PENALTY_TIMEn after a timer Tn has started for that neighbouring cell.

TEMP_OFFSETn and PENALTY_TIMEn are only applicable if the usage of HCS is indicated in system information.

The timer Tn is implemented for each neighbouring cell. Tn shall be started from zero when one of the following conditions becomes true:

-
if HCS_PRIOn <> HCS_PRIOs and

Qmeas,n >= Qhcsn


Or
-
if HCS_PRIOn = HCS_PRIOs and
-
for serving FDD and neighbour FDD cells if the quality measure for cell selection and reselection is set to CPICH RSCP in the serving cell, and:


Qmeas,n > Qmeas,s + Qoffset1s,n

-
for serving FDD and neighbour FDD cells if the quality measure for cell selection and reselection is set to CPICH Ec/No in the serving cell, and:


Qmeas,n > Qmeas,s + Qoffset2s,n

-
for all other serving and neighbour cells:


Qmeas,n > Qmeas,s + Qoffset1s,n

Tn for the associated neighbour cell shall be stopped as soon as any of the above conditions are no longer fulfilled. Any value calculated for TOn is valid only if the associated timer Tn is still running else TOn shall be set to zero.

At cell-reselection, a timer Tn is stopped only if the corresponding cell is not a neighbour cell of the new serving cell, or if the criteria given above for starting timer Tn for the corresponding cell is no longer fulfilled with the parameters of the new serving cell. On cell re-selection, timer Tn shall be continued to be run for the corresponding cells but the criteria given above shall be evaluated with parameters broadcast in the new serving cell if the corresponding cells are neighbours of the new serving cell.
	Sn
	Cell Selection value of the neighbouring cell, (dB)

	Qmeas
	Quality value. The quality value of the received signal derived from the averaged CPICH Ec/No or CPICH RSCP for FDD cells, from the averaged P-CCPCH RSCP for TDD cells and from the averaged received signal level for GSM cells. The averaging of these measurement quantities are performed as specified in [10] and [11]. For FDD cells, the measurement that is used to derive the quality value is set by the Cell_selection_and_reselection_quality_measure information element.


Cell reselection parameters broadcast in system information are listed in subclause 5.2.6.1.5.

The cell selection criterion S used for cell reselection is fulfilled when:
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	Squal 
	Cell Selection quality value (dB)

Applicable only for FDD cells. 

	Srxlev
	Cell Selection RX level value (dB)

	Qqualmeas
	Measured cell quality value. The quality of the received signal expressed in CPICH Ec/N0 (dB) for FDD cells. CPICH Ec/N0 shall be averaged as specified in [10].

Applicable only for FDD cells.

	Qrxlevmeas
	Measured cell RX level value. This is received signal, CPICH RSCP for FDD cells (dBm), P-CCPCH RSCP for TDD cells (dBm) and the averaged received signal level as specified in [10] for GSM cells (dBm). CPICH RSCP, P-CCPCH RSCP and the received signal level for GSM cells shall be averaged as specified in [10] and [11].

	Qqualmin
	Minimum required quality level in the cell (dB). Applicable only for FDD cells.

	Qrxlevmin
	Minimum required RX level in the cell (dBm)

	Pcompensation
	max(UE_TXPWR_MAX_RACH – P_MAX, 0) (dB)

	UE_TXPWR_MAX_RACH
	Maximum TX power level an UE may use when accessing the cell on RACH (read in system information) (dBm)

	P_MAX
	Maximum RF output power of the UE (dBm)


If HCS is not used in the serving cell the UE shall perform ranking of all cells that fulfil the criterion S, among:

-
all measured cells (see subclause 5.2.6.1.1).

If HCS is used in the serving cell the UE shall perform ranking of all cells that fulfil the criterion S among

1.
when in low-mobility (see subclause 5.2.6.1.2),

-
all measured cells that have the highest HCS_PRIO among those cells that fulfil the criterion H >= 0. 

-
all measured cells, not considering HCS priority levels, if no cell fulfil the criterion H >= 0. 
2.
when in high-mobility (see subclause 5.2.6.1.2), 

-
all measured cells.

If HCS is used in the serving cell and UE high-mobility has been detected, prioritise re-selection of intra-frequency, inter-frequency and RAT "m" neighbouring cells on lower HCS priority level than the serving cell before neighbouring cells on the same HCS priority level as the serving cell, and prioritise neighbouring cells having the same HCS priority as the serving cell before neighbouring cells having higher HCS priority level than the serving cell.

The cells shall be ranked according to the R criteria specified above, deriving Qmeas,n and Qmeas,s and calculating the R values using CPICH RSCP, P-CCPCH RSCP and the averaged received signal level as specified in [10] and [11] for FDD, TDD and GSM cells, respectively.
The offset Qoffset1s,n is used for Qoffsets,n to calculate Rn, the hysteresis Qhyst1s is used for Qhysts to calculate Rs. For UE in RRC connected mode states CELL_PCH or URA_PCH the hysteresis Qhysts takes the value Qhyst1s,PCH to calculate Rs, if provided in SIB4 [see 4]. For UE in RRC connected mode state CELL_FACH the hysteresis Qhysts takes the value Qhyst1s,FACH to calculate Rs, if provided in SIB4 [see 4].

If the usage of HCS is indicated in system information, TEMP_OFFSET1n is used for TEMP_OFFSETn to calculate TOn. If it is indicated in system information that HCS is not used, TEMP_OFFSETn is not applied when calculating Rn. The best ranked cell is the cell with the highest R value.

If a TDD or GSM cell is ranked as the best cell, then the UE shall perform cell re-selection to that TDD or GSM cell.

If an FDD cell is ranked as the best cell and the quality measure for cell selection and re-selection is set to CPICH RSCP, the UE shall perform cell re-selection to that FDD cell. If the highest ranked intra-frequency cell is not suitable due to being part of the “list of forbidden LAs for roaming”, the UE shall reselect to that cell and enter “limited service state”.
If an FDD cell is ranked as the best cell and the quality measure for cell selection and re-selection is set to CPICH Ec/No, the UE shall perform a second ranking of the FDD cells according to the R criteria specified above, but using the measurement quantity CPICH Ec/No for deriving the Qmeas,n and Qmeas,s and calculating the R values of the FDD cells. The offset Qoffset2s,n is used for Qoffsets,n to calculate Rn, the hysteresis Qhyst2s is used for Qhysts to calculate Rs. For UE in RRC connected mode states CELL_PCH or URA_PCH the hysteresis Qhysts takes the value Qhyst2s,PCH to calculate Rs, if provided in SIB4 [see 4]. For UE in RRC connected mode state CELL_FACH the hysteresis Qhysts takes the value Qhyst2s,FACH to calculate Rs, if provided in SIB4 [see 4]. If the usage of HCS is indicated in system information, TEMP_OFFSET2n is used to calculate TOn. If it is indicated in system information that HCS is not used, TEMP_OFFSETn is not applied when calculating Rn. Following this second ranking, the UE shall perform cell re-selection to the best ranked FDD cell. If the highest ranked intra-frequency cell is not suitable due to being part of the “list of forbidden LAs for roaming”, the UE shall reselect to that cell and enter “limited service state”.
In all cases, the UE shall reselect the new cell, only if the following conditions are met:
-
the new cell is better ranked than the serving cell during a time interval Treselection. For UE in RRC connected mode states CELL_PCH or URA_PCH the interval Treselections,PCH applies, if provided in SIB4 [see 4], while for UE in RRC connected mode state CELL_FACH the interval Treselections,FACH applies, if provided in SIB4 [see 4]. For hierarchical cell structures when high mobility state has not been detected, if according to the HCS rules the serving cell is not ranked then all the ranked cells are considered to be better ranked than the serving cell.


Additionally the UE shall apply the following scaling rules to Treselections or Treselections,PCH or Treselections,FACH:

-
For intra-frequency cells and high mobility state not detected:

-
no scaling applied.

-
For intra-frequency cells and high mobility state is detected:

-
multiply Treselections or Treselections,PCH or Treselections,FACH by the IE "Speed dependent ScalingFactor 
for_Treselection" if sent on system information.

-
For inter-frequency cells and high mobility state not detected:

-
multiply Treselections or Treselections,PCH or Treselections,FACH by the IE "Inter-Frequency ScalingFactor 
for Treselection" if sent on system information.

-
For inter-frequency cells and high mobility state is detected:

-
multiply Treselections or Treselections,PCH or Treselections,FACH by both the IEs "Speed dependent 
ScalingFactor for_Treselection" if sent on system information and "Inter-Frequency ScalingFactor for 
Treselection" if sent on system information.

-
For inter-RAT cells and high mobility state not detected:

-
multiply Treselections or Treselections,PCH or Treselections,FACH by the IE "Inter-RAT ScalingFactor for Treselection" if sent on system information.

-
For inter-RAT cells and high mobility state is detected:

-
multiply Treselections or Treselections,PCH or Treselections,FACH by both the IEs "Speed dependent 
ScalingFactor for_Treselection" if sent on system information and "Inter-RAT ScalingFactor for 
Treselection" if sent on system information.

In case scaling is applied to Treselections or Treselections,PCH, the UE shall round up the result after all scalings to the nearest second. In case scaling is applied to Treselections,FACH, the UE shall round up the result after all scalings to the nearest 0.2 seconds.
-
more than 1 second has elapsed since the UE camped on the current serving cell.
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Hs = Qmeas,s - Qhcss







Hn = Qmeas,n - Qhcsn – TOn *  Ln
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Rs = Qmeas,s + Qhysts







Rn = Qmeas,n - Qoffsets,n �- TOn *  (1 – Ln)
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for FDD cells:		Srxlev > 0  AND Squal > 0



for TDD cells:		Srxlev > 0



for GSM cells:		Srxlev > 0
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TOn = TEMP_OFFSETn * W(PENALTY_TIMEn – Tn)







Ln = 0		if  HCS_PRIOn = HCS_PRIOs�Ln = 1		if  HCS_PRIOn <> HCS_PRIOs







W(x) = 0	for x < 0



W(x) = 1	for x >= 0
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Squal = Qqualmeas – Qqualmin



Srxlev = Qrxlevmeas - Qrxlevmin - Pcompensation












