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1 Introduction

At the T2#19 meeting in Bundang, South Korea (18th to 22nd November 2002) Ericsson submitted a change request [T2-020993, T2-020994, T2-020995, T2-020996]. The intention of this CR was to enable the AT +CGLASS command in TS 27.007 to be used in for mobile terminal with access via UTRAN. 

These CR’s appeared to be accepted, but on later consideration there was some uncertainty as how such AT commands should be defined, particularly where the mobile may include multiple access modes. Such mobile terminals might include various combinations of GERAN A/Gb, GERAN Iu and/or UTRAN Iu access modes. 

The capabilities provided by the mobile terminal could be dependent on the access mode selected and/or available from a radio cell. In addition future mobile terminals might include other access modes such as WLAN, CDMA2000, etc providing even more differences in access capabilities.

The previously defined values for GPRS mobile station classes (for the +CGCLASS command) were designed for Mobile Station (MS) in GPRS mode, which would now be referred to as an MS in GERAN A/Gb mode. If these MS classes for GERAN A/Gb are also used for UTRAN Iu mode and GERAN Iu mode then this might cause some confusion and problems, in particular for mobile terminals with muli access modes. 

2 GERAN and UTRAN modes

I will first provide a brief high level overview of how the various GERAN and UTRAN modes might impact on the mobile terminal, in particular in the case where multiple access modes might be included in the MT. 

The following figure and text should clarify GERAN A/Gb mode, UTRAN Iu mode and GERAN Iu mode. There is some conflict with the use of abbreviations in different specification documents for the mobile terminal architecture (e.g. for the meaning of UE), which I have noted in Annex A.  

I have added a WLAN access, to indicate that other access modes in the mobile termination, but I do not want to focus the problems of such other access modes within this document. 

One might ask why the interfaces between the radio access network and core network have such an impact on the mobile terminal. The main point is that the protocol stacks in the MT for access via GERAN in A/Gb mode are very different to the protocol stacks for access via the GERAN in Iu mode. Also the protocol stacks in the MT for access via GERAN in Iu mode are different to the protocol stacks for access via UTRAN in Iu mode. 

GERAN Iu mode, as an optional features in both the mobile terminal and GERAN, was only introduced into the standards from release 5 onwards. Even in release 5, if GERAN Iu mode is NOT supported in either the mobile terminal or GERAN then the mobile must fall back to the default GERAN A/Gb mode. 
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Figure 1 – GERAN and UTRAN modes

Definitions

· TE = “Terminal Equipment” such as software within a laptop computer controlling the mobile termination

· MT = “Mobile Termination” which might include MS-Um and UE-Uu entities (plus other entities)

· MS-Um = “Mobile Station”, as that part of the MT which provides access via Um interface and via GERAN

· UE-Uu = “User Equipment”, as that part of the MT which provides access via Uu interface and via UTRAN

TSG GERAN normally use the term “MS” (not “MS-Um”) whilst TSG RAN uses the term “UE” (not “UE-Uu”), but I have adjusted this slightly to avoid confusion with other mobile terminal models (Annex A). 

GERAN A / Gb mode

Access from the MS-Um is via the Um interface and via GERAN to the 2G-MSC and 2G-SGSN (via A and Gb interfaces). Options include via A interface only (which is not relevant here) or via both A and Gb interfaces. If MS-Um functions are included in the MT then the support of GERAN A/Gb mode is mandatory, whilst the support of GERAN Iu mode is only optional. There are initiatives to develop the 2G core network so the service available (with some limitations) should be similar to the services available from a 3G core network.

All GERAN radio cells must support the A interface (CS services) whilst the Gb interface (PS) is optional, be of course Gb must be provided in cells that support GPRS (i.e. PS services). In general the MS-Um must be IMSI attached to use CS services and/or GPRS attached to use PS services. 

UTRAN Iu mode

Access from the UE-Uu is via the Uu interface and via UTRAN to the 3G-MSC and 3G-SGSN via the Iu interface. The Iu interface must always include both Iu-cs and Iu-ps, i.e. both CS and PS capabilities must be supported.  Originally the term “Iu mode” was never applied to UTRAN, as there was only one mode for UTRAN. Since the development of the GERAN Iu mode, the term UTRAN Iu mode is also now often used. 

Even though the Iu interface supports both CS and PS services, the UE-Uu must be CS attached to use CS services (via the Iu-cs interface) and/or PS attached to use PS services (via the Iu-ps interface). 

GERAN Iu mode

Access from the MS-Um is via the Um interface and via GERAN to the 3G-MSC and 3G-SGSN via the Iu interface. The Iu interface must always include both Iu-cs and Iu-ps, i.e. both CS and PS capabilities must be supported. The agreement in TSG GERAN is that if both the MS-Um and the network (i.e. the radio cell) support GERAN Iu mode then the MS must operate in GERAN Iu mode. Otherwise, if either the MS-Um or GERAN radio cell does not support GERAN Iu mode, then the MS must operate in GERAN A/Gb mode.

MT support of Iu mode (for GERAN Iu mode and UTRAN Iu mode)

Originally the intention was to make the Iu interface for GERAN identical to the Iu interface for UTRAN but this has not been achieved. Hence the MS-Um functions and services in the MT for GERAN Iu mode are similar, BUT NOT identical, to the UE-Uu functions and services in the MT for UTRAN Iu mode. 

The difficulty is that the TE might need to know the capabilities of the MT in terms of GERAN A/Gb mode, GERAN Iu mode and UTRAN Iu mode (e.g. for a dual mode mobile terminal) so the TE can decide how the user service / application should be supported. In particular the MT might be able to support certain services and capabilities in one mode (e.g. UTRAN Iu mode) but not in another mode (e.g. GERAN A/Gb mode). 

In relation to the AT +CGCLASS command the main issue appears to be  only whether or not PS and CS services can be supported, which should be the same for both UTRAN Iu mode and GERAN Iu mode, but are liable to be different in the case of GERAN A/Gb mode. 

MT support of A/Gb mode (for GERAN A/Gb mode and GERAN enhanced Gb mode). 

GERAN is also developing enhanced A/Gb mode to try and provide a wider range of services, similar to those services available over the Iu interface. There are a lot of arguments as to whether the GERAN evolution route should be via GERAN Iu mode and/or GERAN enhanced A/Gb mode. At present the standards should be able to support both options although eventually it is hoped that only one of these options will be selected.

In relation to the AT +CGCLASS command the main issue is whether or not PS and CS services can be supported, which should be the same for GERAN enhanced A/Gb mode as for GERAN A/Gb mode. 

Dual Transfer Mode (DTM) in GERAN 

The GERAN in A/Gb mode can only support simultaneously CS and PS services if DTM capabilities are included in both the MS-Um and GERAN, which might be unlikely (in the short term). Hence simultaneous CS and PS services are unlikely to be available in GERAN A/Gb or GERAN enhanced A/Gb modes. 

Other MT access modes

There is also discussion of other access modes, e.g. via WLAN, in release 6. This is not relevant here, but any AT commands should be able to be easily extended to support other access modes. 

3 Mobile Termination (MT) Implementation Options

There are many different forms of single and dual mode mobile terminals, which might need to be supported. The main requirement here is to ensure that the set of AT commands (plus other terminal capabilities) can support all possible implementation options for both the mobile terminal and network. 

The impact on the protocol stacks in the mobile terminal for various implementation options are illustrated in the following table. Please note that this relates to the requirements in the mobile terminal to support protocols and services over the interfaces between the radio access network and core network for GERAN A/Gb mode, GERAN Iu mode and UTRAN Iu mode. These protocols stacks are NOT seen over the radio interface between the mobile terminal and radio access network BUT they do impact on the requirements for the protocols seen over the radio interface, e.g. for the PHY, MAC, RLC, RRC, RR, PDCP, SCNCP, LLC, etc protocols layers. 

Mobile Terminal 

Product Option


Protocol Stacks included in Mobile Termination
Comment




GERAN 

A/Gb access
UTRAN 

Iu access
GERAN 

Iu access



A
Gb
Iu-cs(U)
Iu-ps(U)
Iu-cs(G) 
Iu-ps(G)


GSM circuit switched only


A





Note 1)

GSM + GPRS (basic)


A
Gb




Note 2)

UTRAN access only




Iu-cs(U)
Iu-ps(U)


Note 3)

Dual mode (UTRAN/GERAN), e.g. R99
A
Gb
Iu-cs(U)
Iu-ps(U)


Note 4)

GERAN A/Gb and GERAN Iu access
A
Gb


Iu-cs(G)
Iu-ps(G)
Note 5), 6) and 7).

GERAN A/Gb and UTRAN Iu and GERAN Iu access
A
Gb
Iu-cs(U)
Iu-ps(U)
Iu-cs(G)
Iu-ps(G)
Note 8)

1) GSM circuit switched only is probably not relevant, but does help to complete the picture.

2) PS access, in the case of Gb mode, is only possible if the cell supports the Gb interface. In a GERAN cell the support of the A interface is mandatory whilst the support of the Gb interface is optional

3) In the case of Iu mode (for both UTRAN Iu mode and GERAN Iu mode), the network must support both Iu-cs and Iu-ps interfaces (i.e. the support of only Iu-cs or only Iu-ps is not allowed). 

4) I think that the MT selects a cell providing GERAN A/Gb access or UTRAN Iu access based only on radio conditions. I do not think that the MT (or TE) can select, for example, UTRAN Iu access just because that access is lower cost and/or gives a wider range of services (but this needs to be confirmed). 

5) If GERAN access is provided then the support of GERAN A/Gb mode in the MT is mandatory whilst the support of GERAN Iu mode is optional, i.e. an MT that supports only GERAN Iu mode is not allowed. 

6) If GERAN access is provided in the network, then GERAN A/Gb mode must be supported in the network whilst the support of GERAN Iu mode is optional, i.e. the GERAN can not offer GERAN Iu mode only.

7) The implications for the MT access from notes 4) and 5) above is that if BOTH the MT and network support GERAN Iu mode then GERAN Iu access MUST be used. Otherwise the MT reverts back to GERAN A/Gb access (which must always be available in a GERAN MT and GERAN network). 

8) The MT implementation is becoming complex with the need to support numerous different protocol stacks in the MT. 

According to the above notes, there are certain rules to define which access mode the MT should use for various combinations of access capabilities. Whether this is acceptable and whether the TE (or MT) should be able to control the access mode and/or cells being used for access could be discussed.

An enhanced Gb mode (eGb) is also being considered by TSG GERAN. It is not clear as to where this is yet another protocol stack within the MT or just replaces the Gb protocol. At present it is assumed that it just replaces the Gb protocol stack, and does not affect the discussion in this document. 

4 AT +CGCLASS Command

The main conclusion for the extension of the AT +CGCLASS appears to be that this should indicate the capabilities of the MT in terms of 

· A = The MT can support simultaneous PS and CS services

· B = The MT can support PS and CS services but not simultaneously

· CG = The MT can only support PS services

· CC = The MT can only support CS services

This refers to what the MT might be able to provide, NOT what the MT can actually provide when connected to a given cell. It does NOT indicate how this might be provided in terms of whether the MT includes GERAN A/Gb mode and/or UTRAN Iu mode and/or GERAN Iu mode and/or any other form of access (e.g. WLAN). 

The way in which the MT can support PS and CS services will be dependent on the access mode and capabilities of the GERAN or UTRAN cell to which the MT is currently connected. Further such PS and CS capabilities are liable to change as the MT moves between cells. 

Whether the TE should be aware of the current access mode being used by the MT or the service capabilities (including the way in which PS and CS services can be supported) is an important question. If such information is important to the TE then perhaps it might be provided in other AT commands. 

4.1 Current AT +CGCLASS Command (for GERAN A/Gb mode only)

Originally this was developed for GPRS mobile terminals only, which would now relate to an MT which only includes GERAN A/Gb access mode. The current defined values for the MS-Um class are :-

· A = class A (highest)

· B = class B 

· CG = class C in GPRS only mode

· CC = class C in circuit switched only mode (lowest)

In GERAN cells the support of the A interface (and CS services) mandatory but the support of the Gb interface (and PS services) is optional. 

For GERAN A/Gb mode : 

A = class A (highest) mode of operation (A/Gb mode)

· This would only be possible if the MT includes DTM capabilities. Even if the MT is declared as class A, simultaneous PS and CS services can only be supported if the GERAN also includes DTM capabilities

B = class B (A/Gb mode)

· There are various scenarios (possibly implementation specific) for the support of PS and CS services, e.g. the request for a CS service might push a PS service into a suspend mode.

CG = class C in GPRS only mode (A/Gb mode)

· The MT might include protocol stacks for Gb access for PS services only or the A access for CS services might be (temporarily) disabled. I presume this relates to whether the MT supports PS services and NOT whether the MT is currently GPRS attached. I had better not ask whether the network supports SMS over GPRS. 

CC = class C in circuit switched only mode (A/Gb mode)

· The MT might include protocol stacks for A access for CS services only or the Gb access for PS services might be (temporarily) disabled. 

I presume that if the MT can support, for example, class A then the MT might also support all the options for class B or class C if, for example, the TE wanted to (temporarily) restrict the capabilities of the MT.  Perhaps this might be an implementation option that does not need to be mentioned here. 

4.2 Use of AT +CGCLASS Command for UTRAN Iu mode only

The class values for GERAN A/Gb can be easily reused for UTRAN Iu mode.

If UTRAN access is provided within a cell then both Iu-cs and Iu-ps MUST be supported by that cell. In the case of the MT if UTRAN access is supported then both Iu-cs and Iu-ps should also be supported. There might be options where perhaps Iu-cs or Iu-ps only might be supported in the MT (but I need to confirm this). This will influence whether the class values “CG” and “CC” in the MT have any meaning for UTRAN Iu mode. 

A = CS/PS mode operation (Iu mode)

· This is main mode for UTRAN Iu mode and would always be provided from the cell supporting UTRAN access.

B = (not applicable in Iu mode)

· This is not applicable for the MT capabilities, but one might ask whether the TE should be allowed to set such a mode in the MT, e.g. to temporary restrict the capabilities of the MT even in UTRAN Iu mode

CG = PS mode of operation (Iu mode)

· The MT might include Iu-ps access for PS services only or Iu-cs for CS services might be (temporarily) disabled. I presume this relates to whether the MT supports PS services and NOT whether the MT is currently PS attached. 

CC = CS mode of operation (Iu mode)

· The MT might include Iu-cs access for CS services only or the Iu-ps for PS services might be (temporarily) disabled. 

Even though UE-Uu in UTRAN Iu mode is similar to GERAN A/Gb “Class A”, the services and capabilities offered are not identical, but this should not be relevant for the AT +CGCLASS command.

4.3 Use of AT +CGCLASS Command for Multimode MT

The AT +CGCLASS command values for GERAN Iu mode can be the same as for UTRAN Iu mode. The only difference is that the if GERAN Iu mode is provided then GERAN A/Gb mode must also be supported. 

Hence there may be many occasions where, even though GERAN Iu mode is supported in the MT, GERAN Iu mode is not supported in the GERAN. In this case the MT must fall back to GERAN A/Gb mode access, which might imply that only a class B service (and not a class A service can be maintained). 

One common form of dual mode mobile terminal might provide simultaneously PS and CS support in UTRAN Iu mode, but only Class B operation in GERAN A/Gb mode for PS and CS support (but not simultaneously).

It seems to be agreed that where a MT supports GERAN A/Gb mode (Class B mode only) and also GERAN Iu mode (or UTRAN Iu mode) (Class A mode) then the MT should report that it can provide Class A mode of operation. In fact this is little different to the case of GERAN A/Gb mode with DTM (Class A mode) be class A mode can only be provided if the GERAN also supports DTM. 

5 AT Command Requirements for Multimode Terminals

The AT commands in 27.007 were designed originally for single mode GPRS mobile terminals, which might now be referred to as GERAN A/Gb mode. Many of these commands can be reused and/or extended to support other mobile terminals (e.g. UTRAN access). 

In the case of multi mode terminals (e.g. GERAN A/Gb mode, GERAN Iu mode, and/or UTRAN Iu mode and/or WLAN access, etc) one needs to consider whether this is sufficient. Perhaps further AT commands might be required, particularly where the capacities in different access modes might be very different. 

The AT+CGCLASS command provides static information on the capabilities of MT, e.g. whether the MT can (under certain circumstances) support simultaneously PS and CS services. 

In the case of GERAN A/Gb mode only MT, the AT+CGREG command provides some dynamic information on the current capabilities of the way in which the MT is connected to the current cell. 

Future AT command requirements for multi access mode terminals might include :-

1) Indication of the access modes available in the MT (e.g. whether the MT includes GERAN A/Gb mode, UTRAN Iu mode, GERAN Iu mode, WLAN, etc).

2) Means by which the TE can control the MT access mode, assuming that this does not conflict with other requirements such as the need to access the cell with the strongest radio signal. 

3) Indication of the current access mode for the MT connection to a cell with an indication of the capabilities currently provided (e.g. whether Class A mode is possible on that cell with that access mode). 

4) Update when the access mode might changes, e.g. when the MT roams from one cell that supports GERAN Iu mode to a cell that only supports GERAN A/Gb mode. 

5) How the TE should response when it tries to request a service that can not be provided, e.g. the TE thinks that the MT can support Class A service but when the TE tries to set up a simultaneous CS and PS service a failure occurs. 

6 Conclusions 

As the R99 specification are now frozen it is probably not possible to add new features. Hence all we can do in R99 (and possibly also in REL-4 and REL-5) is to provide a clarification of the AT+CGCLASS command for its use for UTRAN mobile terminals. Also for multi mode mobile terminals,  i.e. including acceptable combination of GERAN A/Gb, UTRAN Iu, GERAN Iu modes of access. It may be necessary to mention such access modes on the MT side of the AT command BUT such access modes, via the AT+CGCLASS command, should not be visible on the TE side of the AT command. 

The main use of the AT+CGCLASS command is to provide an indication as if and how the MT is able to support CS and PS services. This defines the static capabilities of the MT and can only describe the best case in terms the mode of operation of the MT in terms of the support of CS and PS services. The TE must be aware that the way in which CS and PS services (and the general service capabilities of the MT) will be very dependent on the current radio cell and the GERAN and/or UTRAN capabilities supporting that radio cell.  

The AT commands in 27.007 were designed originally for single mode GPRS mobile terminals, which might now be referred to as GERAN A/Gb mode. Many of these commands can be reused and/or extended to support other mobile terminals (e.g. UTRAN access). 

In the case of multi mode terminals (e.g. GERAN A/Gb mode, GERAN Iu mode, and/or UTRAN Iu mode and/or WLAN access, etc) one needs to consider whether this is sufficient. Perhaps further AT commands might be required, particularly were the capabilities in different access modes might be very different. 

------------------------------------------------------------------------------------------------------------------------------------------

7 ANNEX A

From the various standards documents there appears to be different abbreviations and different reference models for the mobile terminal as follows :

7.1 From TS 27.007
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7.2 From TS 27.005
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7.3 From TS 27.010
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7.4 From TS 27.001


[image: image5.wmf]ITU-T Recommendyer

UE

Mobile Equipment (ME)

Mobile

Termination

(MT)

R

T

A

F

Cu

Access

Network

Uu

Terminal

Equipment

(TE)

USIM


Matsushita Communications

13th January 2003


_1103626329.doc


MS-Um







UE-Uu







GERAN







UTRAN







2G-MSC







2G-SGSN







3G-SGSN







3G-MSC







TA







TE







Uu







Um







A







Gb







Iu-cs







Iu-ps







Iu-ps







Iu-cs







MT







WLAN access







WLAN network












_1103635186.ppt






UE

ME

USIM

MT

TE








_1019375435.doc
ITU-T Recommendyer 

Mobile Equipment (ME)







USIM







Terminal Equipment (TE)







Mobile Termination (MT)







R







TAF







Cu







Access Network







Uu







UE












_1068016900.vsd

_1016374613.doc






Physical Layer - serial







link







Multiplexer Layer







Convergence Layers







(four shown)







UE Processes (four







shown)







Physical Layer - serial







link







Multiplexer Layer







Convergence Layers







(four shown)







TE Processes (four







shown)







TE







UE












