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4 Main concepts

Theair interface user rate in the original GSM data transmission is limited to 9.6 kbps with the 12 kbps air interface
rate. The HSCSD described in this TS Stage 2 description allows higher air interface user rates to be used for
transparent and non-transparent data services.

NOTE: Inthisdocument the term "air interface user rate" correspondsto the transfer rate in radio interface for
user data and "air interface rate" includes additional data related to transmission protocols.

HSCSD is afeature enabling the co-allocation of multiple full rate traffic channels (TCH/F) into aHSCSD
configuration. The aim of HSCSD isto provide a mixture of services with different air interface user rates by asingle
physical layer structure. Further improvements in data rates are achieved through enhancement of the radio interface
(modulation and coding schemes), which allows higher bit rates per one GSM time slot. The available capacity of a
HSCSD configuration is several times the capacity of a TCH/F, leading to a significant enhancement in the air interface
data transfer rate.

Figure 1 represents the network architecture to support GSM HSCSD based on the concept of multiple independent
channelsin one HSCSD configuration._In case when enhanced modulation is used the number of time slotsin the radio
interface may not correspond to the number of data streams in the network side, for example a 28.8 kbps service may be
offered through one air interface time slot, but it requires two 14.4 (16 kbps) Abis channels. Another exampleiis bit
transparent 56/64 kbps service where two air interface time slots of 32 kbps are multiplexed onto one 64 kbps data
stream on the network side.

MS BTS BSC MSC
Air I/F Abis I/F AllF

1 T
T

1 circuit maximum

n full-rate channels
or n time slots per TDMA frame

Figure 1: Network architecture for supporting HSCSD

these-specifiedin-Phase2-A new functionality is introduced at the network and M S to provide the functions of
combining and splitting the data into separate data streams which will then be transferred via n channels at the radio
interface, wheren=1, 2, 3, ... 8. Once split, the data streams shall be carried by the n full rate traffic channels, called
HSCSD channels, asif they were independent of each other, for the purpose of datarelay and radio interface L1 error
control, until to the point in the network where they are combined. However, logically the n full rate traffic channels at
the radio interface belong to the same HSCSD configuration, and therefore they shall be controlled as one radio link by
the network for the purpose of cellular operations, e.g. handover. This requires a new functionality in BSS.

oW e

a hween-the nebwo alemen ch emaH--aen

The different user data substreams carried on the radio channels (one substream being the data flow over asingle TCH)
shall be mapped over the A interface, and vice versa, following the rules defined in GSM 04.08 [3] and GSM 08.20 [8].

Onthe A and E interfaces, the use of resourcesis restricted to one 64 kbps circuit by multiplexing the data streams into
one A interface circuit (see ITU-T Recommendation 1.460 [8]).

4.1 HSCSD service aspects

At call setup a user indicates a maximum number of TCH/F, acceptable channel codings (including extensions to
acceptable channel codings for ECSD channel codings), possible other modem type, and fixed network user rate values.

3GPP
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For non-transparent HSCSD connection, in addition, wanted air interface user rate isindicated and the network resource
needs, if user wishes to make use of the user initiated modification of the maximum number of TCH/F and/or wanted air
interface user rate (user initiated service level up- and downgrading described in subclause 5.2.4) during the call. In case
the indicated acceptable channel coding(s) implies that enhanced modulation is possible, the user may indicate a
preference for channel coding asymmetry, i.e. downlink biased channel coding asymmetry, uplink biased channel coding
asymmetry or channel coding symmetry. Together these parameters describe the HSCSD characteristics and network
uses them to allocate an appropriate HSCSD connection.

For both transparent and non-transparent HSCSD connections the call can be established with any number of TCH/F
from one up to the maximum number of TCH/F, i.e. the minimum channel requirement is always one TCH/F.

If the wanted air interface user rate requirement cannot be met using a symmetric configuration, an asymmetric
configuration can be chosen. The network shall in this case give priority to fulfilling the air interface user rate
requirement in downlink direction.

For non-transparent HSCSD connection the network can use dynamic allocation of resources, i.e. TCH/F, aslong as the
configuration is not in contradiction with the limiting values defined by the MS and the mobile equipment is capable of
handling the allocated channel configuration. For transparent HSCSD connection the dynamic resource allocation is
applicable, if the air interface user rate is kept constant. The change of channel configuration within the limits of
minimum and maximum channel requirementsis done with resource upgrading and resource downgrading procedures
(described in subclause 5.2.3) during the call.

The MS may request a service level up- or downgrading during the call, if so negotiated in the beginning of the call. In
the user initiated modification procedure, the user can modify the channel coding asymmetry preference when enhanced
modulation isindicated. This modification of channel requirements and/or wanted air interface user rate and/or channel
coding asymmetry preference is applicable to non-transparent HSCSD connections only.

5 HSCSD architecture and transmission

51 Air interface

The HSCSD configuration is a multisiot configuration using the TCH/F data channel mapping described in
GSM 05.02 [2].

Two types of HSCSD configurations exist, symmetric configuration and asymmetric configuration . For both types of
configurations the channels may be allocated on either consecutive or non-consecutive time slots taking into account the
restrictions defined by the classmark.

An example of the HSCSD operation with two consecutive time slots is shown in figure 2.

NS BB
ot

AR IR 102081 022 6%%! 6%%
b %
MS RX ROQIAXXEAXAANKN PRARIXAPEXAEL XN

MS TX

Monitor

Figure 2: Double slot operation in the air interface

A symmetric HSCSD configuration consists of abi-directional FACCH and co-allocated bi-directional TCH/F and
SACCH channels. An asymmetric HSCSD configuration consists of a bi-direction FACCH and co-allocated uni-
directional or bi-directional TCH/F and SACCH channels. A bi-directional channel is achannel on which the datais
transferred in both uplink and downlink directions. On uni-directional channelsfor HSCSD the datais transferred in
downlink direction, only.

In both symmetric and asymmetric HSCSD configurations one bi-directional channel, the main channel, carries a
FACCH used for al the signalling not carried on the SACCH(s).

For HSCSD configuration all SACCHSs are synchronized so that idle frames for each time slot coincide.

3GPP
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The classification of mobile stations used for HSCSD shall be based on Multislot classes, described in detail in
GSM 05.02 [2]._Further classification shall be based on the Mobile Station Classmark depending on the supported
modulations.

The same frequency hopping sequence and training sequence is used for all the channelsin the HSCSD configuration.

na A ge: The same channel codi ng is used for all the channels in
the HSCSD conflguranon though in the enhanced modulation mode, for non-transparent services, it is possible to have
one channel coding used in the downlink and another channel coding used in the uplink. Different channel codings for
up- and downlink could be applied in three cases, see 22.034:

a) If the mobile station only supports enhanced modulation in the downlink direction;

b) If the mobile station supports enhanced modulation in both directions, but the user indicates preference for uplink
or downlink biased channel coding asymmetry;

¢) If the mobile station supports enhanced modulation in both directions, and the user indicates preference for
channel coding symmetry, but the link conditions justifies different channel coding in uplink or downlink

For Mobile Stations supporting 8-PSK modul ation additional channel codings shall apply. The change between different
TCH/F channel codings can be provided with RR Channel Mode Modify or Configuration Change procedure. It shall be
possible to change between channel codings of different modulation schemes.

In symmetric HSCSD configuration individual signal level and quality reporting for each HSCSD channel is applied.

For an asymmetric HSCSD configuration individual signal level and quality reporting is used for those channels, which
have uplink SACCH associated with them. The quality measurements reported on the main channel are based on the
worst quality measured among the main and the uni-directional downlink time slots used.

In both symmetric and asymmetric HSCSD configuration the neighbouring cell measurement reports are copied on
every uplink channel used. See GSM 05.08 [15] for more detail on signal level and quality reporting.

Separate ciphering keys are used for each HSCSD channels. The ciphering keys used on different channels are derived
from the Kc. See GSM 03.20 [10] for more details.

52 Functions and information flows

The procedures discussed in this subclause follow the procedures described in detail in GSM 08.08 [4] and 04.08 [3].
Modifications are referred with text in brackets and conditional procedures with dashed line. Normal signalling or
signalling presented earlier in the document is drawn with ovals.

5.2.1 Call establishment procedures

5211 Mobile originated call establishment
Figure 3 depicts the procedures for a successful HSCSD call establishment in mobile originated case.
The Multislot classis sent from MSto network using the early classmark sending.

At the call setup the maobile station sends a set of parameters describing the HSCSD characteristics to the network.
These parameters and their presence in the Setup message in transparent (T) and non-transparent (NT) calls are as
follows:

- Other Modem Type, OMT (T/NT)
- Fixed Network User Rate, FNUR (T/NT)

- Acceptable Channel Codings, ACC (including ACC ext.) (T/NT)

- maximum number of traffic channels, Max TCH/F (T/NT)
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- User Initiated Modification Indication, UIMI (NT)- wanted Air Interface User Rate, AIUR
(NT).and
- channel coding ASY Mmetry indication, ASYM (NT)

In reply the network respondsin Call Proceeding with the Other Modem Type, OMT, Fixed Network User Rate, FNUR,
and User Initiated Modification Indication, UIMI (NT only), parametersit is prepared to give to the mobile station.

MS BTS BSC MSC

Normal signalling )

| Classmark change, CLM3 |

(MS Multislot Class, Modulation caFabiIity)

Normal signalling )

| SetUp |
(OMT, FNUR, ACC, Max TCH/F, UIMI(NT only), AIUR(NT only) )

Call Proceeding
(OMT, FNUR, UIMI(NT only))

Assignment Request

(Max TCH/F allowed, Allowed radio interface data rates,
Wanted total radio interface data rate(NT) / Requested
air interface user rate (T), Configuration evolution indication )

Resource

allocation

Physical context interrogation

Channel activation

(|Bi-directional / Uni-directional Bm Mulfislot configuration)
n times
Channel activation ack

=

Assignment command

( Description of multislot configuration )

Signalling link establishment

Assignment complete Assignment complete
(Channel mode, n TCH/F)

Seize IW
resources

Normal signalling )

n = number of time slots allocated

Figure 3: Mobile originated call establishment

The MSC requests the BSC to allocate the channel configuration using parameters derived from the HSCSD related
parameters agreed in the setup phase. Based on these parameters and operator preferences the BSC then allocates a
suitable number of channels and a suitable channel coding for the connection.

The following rule for the channel allocation apply:

The BSS shall try to reach but not exceed, with one exception, the wanted AIUR. The exception is the case when the
chosen configuration can reach the wanted AIUR with lower number of TCH/F, e.g. in case AlUR=14.4 kbit/s, max

3GPP



Error! No text of specified style in document. 10 Error! No text of specified style in document.

number of TCH/F=3, ACC=TCH/F4.8 and TCH/F9.6, the network shall choose 2x9.6 over 3x4.8 if the TCH/F9.6 is
availablein the cell.

A separate channel activation is applied for each of the HSCSD channels before the selected channel configuration with
information of the channel coding is forwarded to the mobile station. When the preference for downlink or uplink biased
channel coding asymmetry is indicated by the user, and an asymmetric channel coding connection is set up based on this
indication, the BSC shall aways assign a TCH/F14.4 channel on the unbiased link of the connection.

At assignment completion, the BSS informs the MSC of the chosen HSCSD configuration and the MSC may seize the
IW resources accordingly.

5.2.1.2 Mobile terminated call establishment
Figure 4 depicts the procedures for a successful HSCSD call establishment in mobile terminated case.

At the call setup the network sends the Other Modem Type,OMT, Fixed Network User Rate,FNUR, and User Initiated
Modification Indication,UIMI (NT only), parameters to the mobile station.

In reply the mobile station responds to the network with the set of parameters describing the HSCSD characteristics.
These parameters and their presence in the Call Confirmed message in transparent (T) and non-transparent (NT) calls
are asfollows:

- wanted Other Modem Type, OMT (T/NT)
- wanted Fixed Network User Rate, FNUR (T/NT)
- Acceptable Channel Codings, ACC (including ACC ext.) (T/NT)

- maximum number of traffic channels, Max TCH/F (T/NT)

- User Initiated Modification Indication, UIMI (NT)
- wanted Air Interface User Rate, AIUR (NT).and
- channel coding ASY Mmetry indication, ASYM (NT)
MS BTS BSC MSC
Normal signalling )

| Classmark change, CLM3 |

| ( Multislot class, Modulation cangiIity)

Normal signalling )

| SetUp |
‘ ( OMT, FNUR, UIMI(NT only))

Call Confirmed

( OMT, FNUR, ACC, Max TCH/F, UIMI(NT only) , AIUR(NT only))

Signalling like in mobile originated case )

Figure 4: Mobile terminated call establishment

The M SC requests the BSC to allocate the channel configuration using parameters derived from the HSCSD related
parameters agreed in the setup phase. Based on these parameters and operator preferences the BSC then allocates a
suitable number of channels and a suitable channel coding for the connection.

The same channel allocation rules asin mobile originated case apply.

The same channel activation rules asin mobile originated case apply.
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At assignment completion, the BSS informs the MSC of the chosen HSCSD configuration and the MSC may seize the
IW resources accordingly.

5.2.2 Handover procedures

5221 Intra BSC handover

Figure 5 depicts the procedures for a successful HSCSD intra BSC handover.

MS BTS olﬂ BTS ne}xv BSC MSC

Measurement report

Measurement result

HO
decision

Resource

allocation

Channel activation

<
( Bji-directional / Uni-directional Bm Multislot configuration)
n times

Channel activation ack

Handover command

( Description of multislot configuration )

Handover access and signalling link establishment

Handover cdmplete

Handover complete Handover performed
( Channel mode, n TCH/F

m times RF channel release procedure

Adjust IW ‘
resources ‘

=T

N
|
L

n = number of time slots in the new cell

m = number of time slots in the old cell

Figure 5: Intra BSC handover

For a non-transparent call, the HSCSD configuration may be modified during an intra BSS handover within the
maximum number of TCH/F and channel codings acceptable for the user and allowed by the network.

The same allocation and activation rules asin call establishment apply.

At handover completion, the BSC signals to the M SC the new HSCSD configuration and the M SC may adjust the IW
resources accordingly.
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5.2.2.2 Inter BSC, intra-MSC handover
Figure 6 depicts the procedures for a successful HSCSD inter BSC handover.

MS BTSO@ BSC old MSC BSC new, BTS new

Measurement repar

Measurement result

HO
decision

Handover required

Handover request

(Max TCH/F allowed, Allowed radio interface ddta rates,
Wanted total radio interface data|rate(NT) / Requested air interface user rate (T),
Configuration evqlution indication )

Resource

allocation

Channel activation

. ( Bi-glirectional / Uni-directional Bm Multislot configuration)
n times

Channel activation ack

Handover request ack
(Channel mode, n TCH/F

-

Handover command

( Description of multislot configuration )

Handover access and signalling link establishment

Handover complete

Handover complete

| Adjust w
resources ‘

Clear command

m times RF channel
release procedure

Clear complete

n = number of time slots in the new cell

m = number of time slots in the old cell

Figure 6: Inter BSC intra MSC handover

In inter BSS handover the M SC requests the new BSS to allocate a channel configuration using parameters derived from
the HSCSD related parameters agreed earlier during the call. Based on these parameters and operator preferences the
BSC then allocates a suitable number of TCH/F and a suitable channel coding for the connection.

For a non-transparent call, the HSCSD configuration may be modified during an intra BSS handover within the
maximum number of TCH/F and channel codings acceptable for the user and allowed by the network.

The same channel allocation and activation rules as in call establishment apply.

The BSC informs the M SC of the chosen HSCSD configuration and at handover completion the MSC may adjusts the
IW resources accordingly.
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5.2.2.3 Inter MSC handover

In inter MSC handover the requested channel configuration is forwarded to a BSS within the new MSC using MAP
protocol between M SCs. Procedures similar to those in inter BSS handover case can be applied in order to establish the
HSCSD connection in anew cell.

5.2.3 Resource upgrading, downgrading and configuration change

Resource upgrading means all ocating more channels to the HSCSD configuration. Similarly, in resource downgrading
channels are released.

Both of these procedures are initiated by the network and they are used in non-transparent calls to alter the channel
resources between one TCH/F and the maximum number of TCH/F allowed. For transparent connection the alteration of
resources is also applicable required that the AIUR for the connection remains constant.

Figure 7 depicts the procedures for a successful resource upgrading and downgrading for an ongoing HSCSD call, in
case the position of the main TCH/F remains unchanged.

A separate channel activation for the new HSCSD channelsis carried out and the earlier activated HSCSD channels may
be modified, before RR Configuration change procedure is used for forwarding the new channel configuration to the
mobile station. Similarly, the Configuration change procedure can be used in both transparent and non-transparent calls
for reordering the channelsin a call without changing the number of TCH/Fs allocated.

At resource modification completion, the BSC signals to the M SC the new HSCSD configuration and the MSC may
adjusts the IW resources accordingly.

MS BTS BSC MSC

Resource change
decision

Resource

allocation

Channel activation / Mode modify

( Bi-dlirectional / Uni-directional Bm Multislot|configuration)
(A+ M)times
Channel activation ack / Mode modify ack

Configuration change command

( Description of multislot configuration )

Configuration change ack Handover Performed
(Channel mode, n TCH/F )

RF channel release

Adjust IW
resources

R times
RF channel release ack

A = number of time slots added to the connection

R = number of time slots released from the connection
M = number of time slots modified

n = number of time slots after upgrading/downgrading

Figure 7: Resource upgrading and downgrading, the position of the main channel unchanged
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Figure 8 depicts the procedures for a successful resource upgrading and downgrading for an ongoing HSCSD call in
case the position of the main channel is changed.

A separate channel activation for the new HSCSD channels, is carried out and the earlier activated HSCSD channels
may be modified or, in case of the new main channel, reactivated, before RR Assignment procedure is used for
forwarding the new channel configuration to the mobile station. Similarly, the Assignment procedure can be used in both
transparent and non-transparent calls for reordering the channelsin a call without changing the number of TCH/Fs
alocated.

At resource modification completion, the BSC signals to the MSC the new HSCSD configuration and the MSC may
adjusts the IW resources accordingly.

MS BTS BSC MSC

Resource change
decision

[
Resource

allocation

Channel (re-)activation / Mode mod|fy

(|Bi-directional / Uni-directional Bm Multislot configuration)
(A+M-1)times
Channel (re-)activation ack / Mode modify ack

Assignment command

( Description of multislot configuration )

Signalling link establishment

Assignment complete Handover Performed
(Channel mode, n TCH/F )

Channel re-activation .
o . S Adjust IW
( Bi-directional|/ Uni-directional Bm Multislot configufation) Note | resources

Channel re-activation ack

RF channel release

R times
RF channel release ack

NOTE: Deactivates the old signalling link by modifying the old main channel. The old main can not be modified
before a new main has been established. If the time slot for the old main is not used in the new HSCSD
configuration, RF channel release is used instead.

A = number of time slots added to the HSCSD connection

R = number of time slots released from the HSCSD connection

M = number of time slots modified or re-activated

n = number of time slots after upgrading/downgrading

Figure 8: Resource upgrading and downgrading, the position of the main channel changed
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5.2.4 User initiated service level up- and downgrading

Figure 9 depicts the procedures for a successful user initiated service level up- and downgrading for on-going HSCSD
call.

During aHSCSD call the user may request, if so indicated in the call setup, the network to change the current maximum
number of traffic channels and air interface user rate parameters and/or channel coding asymmetry preference. Thisis
done by using the CC User initiated service level up- and downgrading procedure.

If network allows the modification, the resulting new parameters are forwarded to BSC and the radio interface resources
may be adjusted accordingly. The resource upgrading or downgrading is done separately from the change in HSCSD
parameters. However, if a contradiction between the new parameters and the used air interface resources exists, the
resource downgrading may be needed before the network acknowledges the new parameters.

The user initiated service level up- and downgrading is applicable in non-transparent mode connections, only.

MS BTS BSC MSC

Modify
(OMT, FNUR|ACC, Max TCH/F, UIMI, AIUR(NT only) )

Assignment Request

(Max TCH/F allowed, Allowed radio interface data rates,
T Bpecible recniree Hn. o arading nrocedire ) Wanted total radio interface data rate )

Assignment complete

(Channel mode, n TCH/F)

Modify complete

n = number of time slots allocated

Figure 9: User initiated service level up- and downgrading

5.2.5 Link adaptation for ECSD

Link adaptation for ECSD particularly in high data rate call becomes essential in order to provide good enough service
over large coverage areas. Signalling for link adaptation between channel coding schemesin 8-PSK modulation and
between GM SK and 8-PSK coding schemes is done using existing signalling mechanisms, i.e. RR Channel Mode
Modify procedure, intracell handover, etc.

5.2.65 Start of ciphering

In order to start ciphering, the RR Encryption procedure is controlled by the main signalling link, only. The encryption
information for secondary HSCSD channel is forwarded to the corresponding TCH/F in initial channel activation or later
in the channel reactivation or Mode modify message.

The change of ciphering modes for separate channels within the HSCSD connection might not be perfectly
synchronized.
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5.3 Transparent data transmission

5.3.1 Numbering of data substreams

In transparent data transmission the V.110 data frames on the HSCSD channels carry data substream numbersto retain
the order of transmission over GSM, between the split/combine functions. Between these functions a channel internal
multiframing is also used in order to increase the tolerance against inter channel transmission delays. Depending on the
location of the access point to external networks the split/combine functionality is located in the BSS or in the IWF on
the network side, and at the mobile station.

A detailed description of the numbering schemeis givenin GSM 04.21 [12].

5.3.2 Padding

HSCSD also supports user rates which are not multiples of rates provided by one TCH/F.

If the selected user rate requires n TCH/F channels but is less than the total rate that can be achieved with these n TCH/F
then in the first n-1 channels the data frames carry user data on all D bits. In the n th channel the unneeded D bits of the
V.110 frames are padded with fill bits.

54 Non-Transparent data transmission

5.4.1 HSCSD RLP

Non-transparent mode of HSCSD is realized by modifying the RLP and L2R functions to support multiple parallel
TCH/Fsinstead of only one TCH/F (figure 11). In addition the RLP frame numbering is increased to accommodate the
enlarged data transmission rate.

The detailed specification of the RLP isgivenin GSM 04.22 [5], and L2R isdefined in GSM 07.02 [13] and
GSM 07.03 [14].

MS IWF
Llentty |~ |Llentty [
2R L HSCSD itenity |~ [Llentty [|HSCSD | | |or L
RLP RLP
Llentty |7~ | Llentty [

Figure 11: The HSCSD concept in non-transparent mode

5.5 Interworking

Interworking of HSCSD will be arranged to all the services to which interworking is provided in the existing GSM-
system; these services are PSTN, ISDN, CSPDN and PSPDN.

5.6 Subscription aspects and storage of subscriber data

The HSCSD uses genera bearer services defined in 02 series specifications. No HSCSD related subscriber datais stored
in HLR or VLR with the exception of the bearer capability alocation (see GSM 03.08 [16]).
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6 Charging

6.1 General principles

The A party isliable for the usage of all TCH/F in her PLMN. The B party may have to pay for one or more TCH/F in
her PLMN. In case the originating or terminating subscriber isin the PSTN there is no additional charge for them.

6.2 Call forwardings

The A party isliable for theleg A-B. The B party who forwards the call to the forwarded-to subscriber (C party) is
liable for the primary (basic) channel on the leg B-C. Forwarded-to (C party) isliable for the usage of one or more
TCH/Fin her PLMN.

6.3 AoC and toll ticketing

MSC will send the modified e-parametersto the MS, bothin MO and in MT calls, every time the charging rate will
change. This can happen when:

- thecoding on the air interface channel is changed;
- the number of TCH/F allocated isincreased or decreased;
during an existing HSCSD data call and when AoC supplementary service is activated.

Appropriate information concerning these changes have to also be included in the charging record (toll ticket).
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Annex A:
Change history

Change history
TSG CN# Spec Version [ CR [Rev | Rel. | New Subject Comment

Versio

n
Apr 1999 |GSM 03.34 Transferred to 3GPP
CN1
CN#03 23.034 3.0.0 Approved at CN#03
CN#5 23.034 3.0.0 001 |1 R99 [3.1.0 |CRto 23.034 due to asymmetry
for ECSD
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