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Service Modes and System Information

1. Introduction

This document is presented as a concept proposal for how GERAN service modes may be supported using new system information defined for R5.  Mobile stations can use this new system information to determine cell status for selection and reselection purposes as well as to determine the service mode supported within any given cell.  It is viewed as a living document as updates will be necessary as service mode agreements are reached.

Discussion at the GERAN Ad Hoc #5 in Bellevue introduced the possibility of having cells that support only Iu mode [1]. Indicating the presence of this new mode as well as the other modes of operation previously agreed to in Sophia Antipolis [2] can be accomplished through the introduction of new system information as part of the R5 work effort. Defining this new system information will therefore allow any GERAN cell to indicate any of the service modes shown in Table 1 below.

Table 1 – Service Modes Indicated by System Information

A
Gb
Iu-cs
Iu-ps
Service Modes Viewed as Available by a non-Iu capable  MS
Service Modes Viewed as Available by an Iu capable MS

N
N
N
N
None (cell barred)
None (cell barred)

N
N
Y
N
None (cell barred)
Iu-cs

N
N
N
Y
None (cell barred)
Iu-ps

N
N
Y
Y
None (cell barred)
Iu-ps + Iu-cs

Y
Y
N
N
A + Gb
A + Gb

Y
Y
Y
N
A + Gb
A + Gb and Iu-cs

Y
Y
N
Y
A + Gb
A + Gb and  Iu-ps

Y
Y
Y
Y
A + Gb
A + Gb and Iu-cs + Iu-ps

Y
N
N
N
A
A

Y
N
Y
N
A
A and Iu-cs

Y
N
N
Y
A
A and Iu-ps

Y
N
Y
Y
A
A and Iu-cs + Iu-ps

All other service mode combinations are not applicable
Not applicable
Not applicable

2. Service Mode Enhancements

New system information introduced for R5 should provide mobile stations with an enhanced service mode determination capability as follows:

· The “A mode” service is currently indicated as available by virtue of the existence of cell supporting a CCCH (assuming the cell is not barred). For R5, an Iu capable mobile station should be able to determine that “A mode” service is not available even when CCCH is present (i.e. Iu mode only cells should be supported).

· The “Gb mode” service is currently indicated as available whenever the “GPRS Indicator” is set to high in SI3/SI4/SI7/SI8 (assuming the cell is not barred). For R5, an Iu capable mobile station should be able to determine that “Iu mode” service is available regardless of the value of “GPRS Indicator”.

· New system information proposed for GERAN should allow an Iu capable mobile station to determine that any combination of “Iu-ps mode” and “Iu-cs mode” service is available in a cell.

3. Procedures for Service Mode Determination 

New system information is required to allow an Iu capable MS to determine the supported service modes as described in Table 1. Figures 1 and 2 below provide a proposal for what specific new system information is required and how it is to be used for determining the supported service modes without, for most cases, attempting to make a decision about what SI or PSI message should be used to carry it. 

Figure 1 - Service Mode Logic – MS on BCCH
















* A menu indicates the services supported by the system (i.e. what service(s) an MS actually selects is not addressed).
Note 1:
When PBCCH is not present in a cell an Iu capable MS will read BCCH information to determine if Iu mode service, Gb mode service or both are supported in the cell. If Iu mode service is supported the MS will not care about Gb mode service.

Figure 2 - Service Mode Logic – MS on PBCCH

















*
A menu indicates the services supported by the system (i.e. what service(s) an MS actually selects is not addressed).

Note 2:
When PBCCH is present in a cell an MS determines the availability of Gb mode service in a cell as follows:

· An Iu capable MS camping on a PBCCH may reselect to the PBCCH of a new cell without first reading BCCH information (i.e. PBCCH to PBCCH reselection may occur). If the MS used “SI13-Alt PBCCH Location” to determine the location of the PBCCH then Gb mode is not supported in the new cell. If the MS used “SI13 PBCCH Location” to determine the location of the PBCCH then Gb mode is supported in the new cell. If Iu mode is supported in the new cell the MS will not care about Gb mode service. 
· An Iu capable MS that reads BCCH information during initial cell selection or during reselection determines if Iu mode service, Gb mode service or both are supported on a PBCCH as a result of reading the “GPRS Indicator” IE and the “CBQ3” IE. If Iu mode service is supported the MS will not care about Gb mode service.

· A non-Iu capable MS camping on a PBCCH may reselect to the PBCCH of a new cell without first reading BCCH information (i.e. PBCCH to PBCCH reselection may occur). In this case the neighbour list information acquired prior to reselection indicated that the new (current) cell wasn’t barred and included the “SI 13 PBCCH Location” IE for the new cell which further indicated “PBCCH_Location”. This information allows the MS to know that Gb mode service is supported in the new cell. 

· A non-Iu capable MS that reads BCCH information during initial cell selection or during reselection will determine if Gb mode service is supported on a PBCCH as a result of reading the “GPRS Indicator” IE included in SI3 or SI4. 

4. Changes to System Information 

Section 3 above calls for a number of changes to be made to system information and these changes are identified in further detail below. Note that these changes are limited to those affecting MS determination of cell status and supported service modes – other changes will still be necessary within the scope of R5.

SI Changes:

· SI-X1 – A new SI message. If CBQ3 indicates Iu mode is supported and PBCCH is not present then SI-X1 is sent. If CBQ3 indicates that Iu mode is not supported or indicates that Iu mode is supported and PBCCH is present then SI-X1 is not sent.

· SI13-Alt – A new SI message that is identical to the existing SI13 message.  It is sent whenever Iu mode is supported but not Gb mode.  If both Iu mode and Gb mode are supported then SI13 is sent.

· “Iu_mode_support” – a new 2 bit field that shall be included in SI-X1 if it is sent. This field is used to indicate if Iu-ps, Iu-cs or both are supported in the cell.

· “CBQ3” - A new 2 bit field included in SI3 using spare bits available in the Control Channel Description IE. It provides CBQ3 information for the current cell (i.e. similar to CBQ2). This field may indicate one of the following to an Iu capable MS:

· Iu mode is not supported - the MS is to use legacy methods for determining cell status for selection/re-selection and supported service modes.

· The Cell is barred.

· Iu mode is supported. The MS uses CBQ3 to determine cell status for cell selection priority.

PSI Changes:

· PSI-X1 – A new PSI message. If CBQ3 indicates Iu mode is supported and PBCCH is present then PSI-X1 is sent.

· “Iu_mode_support” – A new 2 bit field that shall be included in PSI-X1 if it is sent. This field is used to indicate if Iu-ps, Iu-cs or both are supported in the cell. 

· “SI13-Alt PBCCH Location” – A new optional IE that may be included in PSI3 and PSI3bis. This IE is only read by Iu capable MSs and when included it indicates that only Iu mode service is supported in the associated neighbour cell. If both Iu mode and Gb mode service are supported in a neighbour cell then only the existing “SI13 PBCCH Location” IE is included (i.e. a neighbour list entry shall not include both “SI13 PBCCH Location” and “SI13-Alt PBCCH Location”).

· “CBQ3” – A new 2 bit field that may be included in PSI3 and PSI3bis. It provides CBQ3 information for the current cell and for each neighbour cell included in the PSI message (i.e. similar to CBQ2). This field may indicate one of the following to an Iu capable MS:

· Iu mode is not supported - the MS is to use legacy methods for determining cell status for selection/re-selection and supported service modes.

· The Cell is barred.

· Iu mode is supported.

5. Coding of New System Information

Coding of “CBQ3”:

00

Cell selection priority and cell barring is determined as per pre-R5 logic, Iu mode is not supported

01

Cell is barred

10

Cell is not barred - cell selection priority is normal, Iu mode is supported

11

Cell is not barred - cell selection priority is low, Iu mode is supported

Coding of “Iu_mode_support”:

00

Not Valid (i.e. if SI-X1 or PSI-X1 is present then this IE shall be present and Iu mode is supported).

01

Iu-ps supported

10 Iu-cs supported

11 Iu-cs and Iu-ps supported

Coding of CBQ3 in PSI3 and PSI3bis:

Both PSI3 and PSI3bis need to be modified to allow the presence of CBQ3 information on a per neighbour cell basis in the same way that CBQ2 was introduced for R99.  The proposed changes for PSI3 are shown in Figure 3 below – similar changes would be required for PSI3bis. This information is optional - it is only needed if Iu mode is supported.

Coding of SI13-Alt PBCCH Location in PSI3 and PSI3bis:

PSI3 and PSI3bis need to be modified to allow the optional inclusion of “SI13-Alt PBCCH Location” IE on a per neighbour cell basis in the same way that the existing “SI13 PBCCH Location” IE may currently be included. This IE is coded in exactly the same way as the existing “SI13 PBCCH Location” IE. The proposed changes for PSI3 are shown in Figure 3 below. Similar changes are needed for PSI3bis

Figure 3 - Proposed Changes to PSI3 for R5

< PSI3 message content > ::=


< PAGE_MODE : bit (2) >


< PSI3_CHANGE_MARK : bit (2) >


< PSI3_BIS_COUNT : bit (4) >


< Serving Cell parameters : < Serving Cell params struct > >


< General Cell Selection parameter : < Gen Cell Sel struct > >


< Neighbour Cell parameters : { 1 < Neighbour Cell params struct > } ** 0 >


{ null | 0
bit** = < no string >


| 1













-- Release 1998 additions:


< Serving Cell LSA ID information : < LSA ID information struct > >



{ 0 | 1 < LSA Parameters :< LSA Parameters IE >> }


{ null | 0
bit** = < no string >


| 1













-- Release 1999 additions:



< CELL_BAR_QUALIFY_2 : bit (2) >


-- CBQ2 for serving cell.


{ 0 | 1 < COMPACT Information : < COMPACT Information struct > > }



{ 0 | 1 < Neighbour CBQ2 list : < CBQ2 list struct >> }

-- CBQ2 for neighbour cells.

{ null | 0
bit** = < no string >


| 1













-- Release 5 additions:



< CELL_BAR_QUALIFY_3 : bit (2) >


-- CBQ3 for serving cell.


{ 0 | 1 < Neighbour CBQ3 list : < CBQ3 list struct >> }

-- CBQ3 for neighbour cells.
< padding bits > } } }

< Neighbour Cell params struct > ::=


< START_FREQUENCY : bit (10) >


< Cell selection params : < Cell Selection struct > >


< NR_OF_REMAINING_CELLS : bit (4) >


< FREQ_DIFF_LENGTH : bit (3) >


{
< FREQUENCY_DIFF : bit (1 + val(FREQ_DIFF_LENGTH)) >



< Cell Selection Params : <Cell Selection struct>> } * (val(NR_OF_REMAINING_CELLS)) ;



< Cell Selection struct > ::=


< BSIC : bit (6) >


< CELL_BAR_ACCESS_2 : bit >


< EXC_ACC : bit >


< SAME_RA_AS_SERVING_CELL : bit (1) >


{ 0 | 1
< GPRS_RXLEV_ACCESS_MIN : bit (6) >



< GPRS_MS_TXPWR_MAX_CCH : bit (5) > }


{ 0 | 1
< GPRS_TEMPORARY_OFFSET : bit (3) >



< GPRS_PENALTY_TIME : bit (5) > }


{ 0 | 1
< GPRS_RESELECT_OFFSET : bit (5) > }


{ 0 | 1
< HCS params : < HCS struct > > }


{ 0 | 1
< SI13 PBCCH Location : < SI13 PBCCH Location struct > > } ;

     { 0 | 1
< SI13-Alt PBCCH Location : < SI13 PBCCH Location struct > > } ;     -- Release 5 addition:


< SI13 PBCCH Location struct > ::=


{ 0
< SI13_LOCATION : bit (1) >


 | 1
< PBCCH_LOCATION : bit (2) >



< PSI1_REPEAT_PERIOD : bit (4) > } ;



< CBQ3 list struct > ::=


< N_CBQ_3 : bit (3) >


< CELL_BAR_QUALIFY_3 : bit (2) > * (val(N_CBQ_3) + 1) ;



6. Cell Status and New System Information

An Iu capable MS uses both legacy and new system broadcast information to determine the status of a cell for selection and reselection purposes as shown in Tables 2 and 3 below. 

Table 2: Cell Status – PBCCH is not Present

CBQ3                           (read from SI 3)
Cell selection priority
Status for cell reselection

00
Determined using CBQ2, CBQ and CBA
Determined using CBQ2, CBQ and CBA

01
Barred
Barred

10
Normal
Normal

11
Low
Normal

Table 3: Cell Status – PBCCH is Present

CBQ3                                              (read from PSI 3/PSI3 bis)
Status for cell reselection

00
Determined using CBQ2 and CBA2

01
Barred

10, 11
Normal

7. Service Mode Support and New System Information

For GERAN, both legacy and new system broadcast information are used to indicate the service modes supported in any given cell as shown in Tables 4 and 5 below. The following should be noted regarding the response of an Iu capable MS to system broadcast information:

· If an Iu capable MS camping on a PBCCH reselects to the PBCCH of a new cell without first reading BCCH information (i.e. PBCCH to PBCCH reselection occurs) and Iu mode service is supported in the new cell, then the MS will not care about A or Gb mode service in that cell. 

· If an Iu capable MS reads BCCH information during initial cell selection or during reselection and determines that Iu mode service is supported in the cell, it will not care about A or Gb mode service in that cell.

· The specific type of Iu service supported in a cell is indicated by the “Iu_mode_support” IE which is included in either SI-X1 (when PBCCH is not present) or PSI-X1 (when PBCCH is present).

· An MS only capable of Iu-cs operation may encounter a cell that only supports Iu-ps operation. In this case the MS shall behave as legacy MS and may become GSM attached or GPRS attached (or both) and camp on the BCCH or the PBCCH (if present and GPRS service is desired).

· An MS only capable of Iu-ps operation may encounter a cell that only supports Iu-cs operation. In this case the MS shall behave as legacy MS and may become GSM attached or GPRS attached (or both) and camp on the BCCH or the PBCCH (if present and GPRS service is desired).

Note that for tables 4 and 5 the following acronyms apply:

· CBQ = CELL_BAR_QUALIFY

· CBA = CELL_BAR_ACCESS

Table 4 – Service Modes – PBCCH is not Present

GPRS Indicator (read from SI 3)
CBQ3
CBQ2
CBQ
CBA
Service Modes Supported



X
00
Iu mode not supported - service modes supported determined using legacy methods

X
01
XX
X
X
Barred

low
10, 11
00
0
0
A + Iu

“
10, 11
00
0
1
Iu

“
10, 11
00
1
X
A + Iu

“
10, 11
01, 10, 11
X
X
A + Iu

high
10, 11
00
0
0
A + Gb + Iu

“
10, 11
00
0
1
Iu

“
10, 11
00
1
X
A + Gb + Iu

“
10, 11
01, 10, 11
X
X
A + Gb + Iu

Table 5 – Service Modes – PBCCH is Present

GPRS Indicator               (read from SI 3)
CBQ3
CBQ2
CBA2
Service Modes Supported



X
00
Iu mode not supported – service modes supported determined using legacy methods

X
01
XX
X
Barred

low
10, 11
00
0
A + Iu

“
10, 11
00
1
Iu

“
10, 11
01, 10, 11
X
A + Iu

high
10, 11
00
0
A + Gb + Iu

“
10, 11
00
1
Iu

“
10, 11
01, 10, 11
X
A + Gb + Iu

8. Conclusion

Given the above discussion the following proposals are made:

· Adopt the set of GERAN service modes as proposed in section 1.

· Adopt the procedures for service mode determination as proposed in section 3.

· Adopt the approach to changing system information as proposed in sections 4 and 5.

· Adopt the logic for determining cell status and supported service modes as described in sections 6 and 7.

9. Open Issues

Issues that still need to be addressed are as follows:

· If PBCCH is determined to be the only practical way of supporting Iu mode service then the logic provided in  Figures 1 and 2 can be simplified and Tables 2 and 4 can be eliminated.

· Stage 3 text that captures the specific changes to system information (i.e. SI + PSI) and procedures required for supporting the proposed service modes needs to be provided (e.g. 44.060, 44.018 and 05.08).
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