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1 Introduction

This document describes the Supplementary Service Notification handling in ACI. The SS Notifications are
received from the CC entity and are to be conveyed to the TE via the +CSSI and +CSSU responses.
Typically these SS Notifications informs the TE about the current status of the various subscribed services,
like if call forwarding is active, a call is waiting etc.

The SS Notification handling described in this document focus on two parts:
e The sending of the correct result code to the TE/MMI with respect to the call direction (MOC/MTC).

e Ensuring that in case of MTC no +CSSU and/or other SS related unsolicited result codes are sent to
the TE prior to RING, +CRING, or +CLIP.
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2  Sending result codes

2.1 Interpretation of the specification

According to 07.07 the +CSSN AT command enables or disables the unsolicited (+CSSU) and/or the
intermidiate (+CSSI) result codes. The application of the result codes is as follows:

e +CSSI: Only applicable for mobile originated calls (MOC).

e +CSSU: Only applicable for mabile terminated calls (MTC) and in case where a final result code is
already sent to the TE.

Further 07.07 states that for MT calls the +CSSU result code must be sent after the +CLIP result code. This
is interpreted as if the CLIP SS is active the +CSSU result code is sent after the +CLIP result code, otherwise
the +CSSU result code is sent after RING/+CRING, but never before RING/+CRING.

211 Conclusion

The intermediate result code is only used for when an AT command is currently being executed. The only
case is for MO calls where the ATD is executed. In all other cases the unsolicited result codes are used since
no command is currently being executed.

In case of MO calls the OK result code is not transmitted immediately if the +CSSI result code is enabled in
the +CSSN command. The OK result is sent to the TE/MMI when the call is answered as in case the +COLP
service is active.

212 AT command examples

Reception of notifications for MOC:

AT+CSSN=1,1 /* Show +CSSI and +CSSU result codes */

OK

ATD12345 /* Dial */

+CSSI: 1 /* CFU Active */

+CSSI: 8 /* Call is deflected */

OK /* The call is answered */
+CSSU: 2 /* The call is put on hold */
+CSsSU: 3 /* The call is retrieved */

Reception of notifications for MTC:

AT+CSSN=1,1 /* Show +CSSI and +CSSU result codes */

OK

RING /* Incoming call */

+CSSU: 0 /* This is a forwarded call */

ATA /* Answer the call */

OK

+CSSU: 2 /* The call is put on hold */

+CSsSU: 3 /* The call is retrieved */
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213 MSC’s
Here are four situations where the MSC’s describe the functionality of the CSSI and CSSU.
TE1 TE 2 MS NETWORK
SS Notification: Outgoing Call Facility after OK
Prerequisites: The MS IMSI attached. No active call.
1 ATD
2 Setup
[Ti=1]
3 Connect
4 OK
A Facility is recived from the network carring a SS Notify with Forward Call or CUGCall
or DeflectedCall. (The CSSU is broardcarsted to all sources (TE 1 and TE 2))
5 Facility
[Ti=1]
6 +CSSU
7 +CSSU
Figure 1 Outgoing Call Facility after OK
TE1 TE 2 MS NETWORK
SS Notification: Outgoing Call Facility before OK
Prerequisites: The MS IMSI attached. No active call.
1 ATD
2 Setup
[Ti=1]
A Facility is recived from the network carring a SS Notify with Forward Call or CUGCall
or DeflectedCall. (The Facility is only relevant for the outgoing call, so no CSSU to other sources)
3 Facility
[Ti=1]
2 +Cssl
5 Connect
6 OK
Figure 2 Outgoing Call Facility before OK
Page: 6/19
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TE1 TE 2 MS NETWORK
SS Notification: Outgoing and Incoming Crosing, facility recived from both calls
Prerequisites: The MS IMSI attached. No active call.
1 ATD
2 Setup
[Ti=1]
3 Setup
[Ti=2]
4 RING
5 RING
A Facility is recived from the network carring a SS Notify indicating that the outgoing call (Ti=1) is
being forwarded. (The Facility is only relevant for the outgoing call, so no CSSU to other sources)
6 Facility
[Ti=1]
7 +CSSlI
A Facility is recived from the network carring a SS Notify indicating that the incoming call (Ti=2) has
been forwarded. (The CSSU is broardcarsted to all sources (TE 1 and TE 2))
8 Facility
[Ti=2]
9 +CSsU
10 +CSSU
11 Connect
12 OK
A Facility is recived from the network carring a SS Notify indicating that the outgoing call (Ti=1) has
been put on hold. (The CSSU is broardcarsted to all sources (TE 1 and TE 2))
13 Facility
[Ti=1]
14 +CSSU
15 +CSSU
Figure 3 Outgoing and Incoming crossing
Texas Instruments Proprietary Information Page: 7/19
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TE1 TE 2 MS NETWORK
SS Notification: Incoming and Outgoing Crosing, facility recived from both calls
Prerequisites: The MS IMSI attached. No active call.
1 Setup
[Ti=1]
2 RING
3 RING
A Facility is recived from the network carring a SS Notify indicating that the incoming call (Ti=1) has
been forwarded. (The CSSU is broardcarsted to all sources (TE 1 and TE 2))
4 Facility
[Ti=1]
5 +CSSU
6 +CSSU
7 ATD
8 Setup
[Ti=2]
A Facility is recived from the network carring a SS Notify indicating that the incoming call (Ti=1) has
been put on hold. (The CSSU is broardcarsted to all sources (TE 1 and TE 2))
9 Facility
[Ti=1]
10 +CSSU
11 +CSSU
A Facility is recived from the network carring a SS Notify indicating that the outgoing call (Ti=2) is
being forwarded. (The Facility is only relevant for the outgoing call, so no CSSU to other sources)
12 Facility
[Ti=2]
13 +Cssl
14 Connect
15 OK
A Facility is recived from the network carring a SS Notify indicating that the outgoing call (Ti=2) has
been put on hold.
16 Facility
[Ti=2]
17 +CSSU
18 +CSSU
Figure 4 Incoming and Outgoing crossing
Texas Instruments Proprietary Information Page: 8/19
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2.2 Implementation

221 Overview

When a MNCC_FACILITY_IND is processed in PSA_CC it is partially CCD decoded to determine the
component type (INVOKE, RETURN_RESULT, RETURN_ERROR, RETURN_REJECT). Only the
INVOKE component is of interest with respect to the sending of intermediate and unsolicited result codes to
the TE/MMIL.

As shown in Figure 5, the INVOKE component is disassembled (psa_CC_dasminvokeCmp) to get the
OPERATION code. Only the OPC_NOTIFY_SS and OPC_FWD_CHECK_SS_IND are able to send +CSSx
result codes to the TE/MMI, thus the OPC_FWD_CHARGE_ADVICE is of no interest in this document.
The OPC_FWD_CHECK _SS_IND operation handling is simply to convey the component parameters to the
TE/MMI in a +CSSU result code, and is not treated further in this document. This leaves the
OPC_NOTIFY_SS (cmhCC_NotifySS function) for further study.

Operation Code Component Type

MNCC_FACILITY_REQ
to CC
OPC_FWD_CHARGE_ADVICE
cmhCC_NotifySS l——OPC_NOTIFY_SS psaCC_dasmInvokeCmp \
OPC_FWD_CHECK_SS_IND )
v_inv_comp
send_CSSx_notification psaCC_dasmResultCmp -
V_res_comp
> psa_mncc_facility_ind
v_err_comp

psaCC_dasmErrorCmp

v_rej_comp

psaCC_dasmRejectCmp 4/

Figure 5 Overview of the funtion path for a SS Notifiy Invoke component

Figure 6 shows the decomposition of the current implementation for the cmhCC_ NotifySS function. The
function is able to branch for each of the CCD decoded ARGUMENT type for the “NotifySS”
OPERATION.

Some of the ARGUMENTSs indicates that a service is active just be the presence of the ARGUMENT itself.
The handling of these is implemented directly in the cmhCC_ NotifySS function. Other ARGUMENTS have
additional parameters and are implemented in a function. The latter type conveys supplementary service
specific information, thus the handling (transmission of +CSSI or +CSSU) is as shown in Figure 6.

The type of result code (+CSSI or +CSSU) to be transmitted to the TE/MMI is independent from the
supplementary. The send_CSSx_notification function is called which then check the call direction and
currently executing command to determine the type of result code to transmit.
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Supp. Service Argument Type

SS_CD_ALL_FWSS
SS_CD_CFU .
SS_CD_CFB ] cmhCC_NotifySS_v_ssCode \

SS_CD_CFNRY
SS_CD_CFNRC
SS_CD_ALL_CFWSS
SS_CD_ALL_CBSS
SS_CD_BOC
SS_CD_BAOC
SS_CD_BOIC
SS_CD_BOICXH
SS_CD_BIC
SS_CD_BAIC
SS_CD_BICRM
SS_CD_CD

cmhCC_NotifySS_

/ v_ssNotification \
CLG_A_OUTG. CALL_FWD_C v_ssCode

FWG_B_INC_CALL_FWD_C
FWD_C_INC_CALL_FWD

/\Q\

send_CSSx_notification v_calllsWaitingIndicator
-« BN
Otherwise CHLD_CALL_RETRIEVED v_;:aIIOnHoldIndicator

CHLD_CALL_ON_HOLD

send_CSSU_notification ‘ \Q ‘/—v_mewlndicator

! cmhCC_NotifySS

send_CSSI_notification ‘

=

ATD active

v_ssNotification

¢— v _cuglndex

ECT_CS_ALERTING irs onReiected
ECT_CS_ACTIVE v_clirSuppressionRejecte

-

cmhCC_NotifySS - v_namelndicator
v_ectindicator v_ccbsf

cmhCC_NotifySS_v_ccbsf /

‘ RAT_CNAP

‘ cmhrat_cchs

A

Figure 6 Decomposition of the NotifySS INVOKE component handling

222  Retaining the OK for MOC

For Maobile Originated speech calls the OK result code is normally sent to the TE/MMI immediately. This
would however prohibit the use of +CSSI result codes since it is only applicable between the ATD and the
OK result code. The transmission of the OK result code is the same as for the COLP service where the
cmhCC_atdsendok function is called to determine whether OK should be sent immediately or not.
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223 send_CSSx_Notification

The following is the function prototype for the send_CSSx_Noatification:

void send CSSx Notification( T ACI CSSX CODE cssx code,

SHORT

index,

CHAR *number,
T ACI TOA *toa,
CHAR *subaddr,
T ACI TOS *tos )

Table 1 Shows the mapping between the internal CSSX codes and the external +CSSI/+CSSU codes
according to 07.07 (or 27.007). In some cases mapping is not possible and the result code is not sent to the

TE/MMI.

T_ACI_CSSX_CODE +CSSI code +CSSU code Comments

CSSx_CODE_NotPresent Not mapped Not mapped -

CSSx_CODE_CFUActive 0 Not mapped -

CSSx_CODE_SomeCCFActive 1 Not mapped -

CSSx_CODE_ForwardedCall 2 0 -

CSSx_CODE_Callwaiting 3 Not mapped -

CSSx_CODE_cuccal 4 1 Index parameter is CUG Index

CSSx_CODE_OuitCallsBarred 5 Not mapped -

CSSx_CODE _IncCallsBarred 6 Not mapped -

CSSx_CODE_CLIRSupRej 7 Not mapped -

CSSx_CODE_Deflectedcall 8 9 Redirecting number allowed
for +CSSU

CSSx_CODE_OnHold Not mapped 2 -

CSSx_CODE_Retrieved Not mapped 3 -

CSSx_CODE_Multiparty Not mapped 4 -

CSSx_CODE_HeldCallRel Not mapped 5 -

CSSx_CODE_FwrdCheckSS Not mapped 6 OPERATION =
OPC_FWD_CHECK_SS_IND

CSSx_CODE_ECTAlert Not mapped 7 ECT number allowed for
+CSSU

CSSx_CODE_ECTConnect Not mapped 8 ECT number allowed for
+CSSU

CSSx_CODE_AddIncCallForwarded | Not mapped 10 Release ‘99

Table 1 Mapping between internal CSSX codes to external +CSSI or +CSSU codes
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3 Facility buffering for MT calls

In some situations the TE/MMI is not alerted (RING, +CRING etc.) on the reception of an incoming call
indication from CC (MNCC_SETUP_IND). The RING or +CRING is first sent to the TE/MMI when the
TCH is assigned and synchronised (MNCC_SYNC_IND). In this situation one or more Facility informations
can be received after the MNCC_SETUP_IND but before the MMI/TE is alerted. It is however not possible

to send any call related information at this point (see section 2.1).

Section 3.1 has a detailed description of the implementation and the section 4 holds all the various MSC
scenarios.

3.1 Facility Linked List in the Call Table

When an MNCC_FACILITY_IND is received the call direction and TCHasg is checked to see whether to
buffer the primitive or to proceed with the normal facility handling. If the facility needs to be buffered (call
direction is MTC and TCHasg is FALSE) it is put in the linked facility list (FIFO buffer) in the call table of
the CC Shared Parameters store as shown in Figure 7. The primitive is NOT de-allocated, as would be the
normal case.

T_CC_CALL_TBL

T_ACI_FACILITY_LIST *aci_facility_list_ptr

v

T_ACI_FACILITY_LIST

T_MNCC_FACILITY_IND *facility

T_ACI_FACILITY_LIST *next

Figure 7 Facility linked list in the CC call table

When the TCH is assigned CMH_CC is notified by PSA_CC calling the cmhCC_IncomingCall. After
sending the RING/+CRING and optionally +CLIP in the cmhCC_IncomingCall it is checked if any Facility
primitives are stored. If this is the case they are send to PSA_CC by calling the psa_mncc_facility_ind
function with the buffered primitive as parameter, until no more Facility primitives are left. The
psa_mncc_facility ind function automatically de-allocates the primitive as this is handled in the same way as
if it was just received.

In case of network initiated call re lease any buffered Facility primitives are de-allocated when releasing the
call table entry (psaCC_FreeCtbNtry).

Affected procedures:
e psa_mncc_facility_ind

e c¢mhCC_IncomingCall
e psaCC_FreeCtbNtry
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4  Message Sequence Charts

The following sections shows how SS Notification is handled for MO and MT CS voice calls. Note that only
relevant signalling is shown on the MSCs.
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4.1 Mobile Originated Call

ATI

s

MMI CMH CC

=

PSA

CccC

PEIPS

Supplementary Service Notification; Mobile Originated Call; Facility Received.
Prerequisites: The mobile is IMSI attached and in CC state NULL.

aAT |Dn

cmhCC_Dial

psaCC_NewcCall

MNCC_SETUP_REQ

for +COLP).

The OK result code is not sent to the TE/MMI since the +CSSl s active (same behaviour as

‘ Normal CC handling for CALL PROCEEDING and ALERTING. A Facility IE is received from CC.

psa_mncc_facility_ind

[facility_ie]

In this case the Facility IE is an ssNotify Invoke Component.
The MMVITE is notified via +CSSl indications since the ATD command is active.

6

psaCC_dasmin

okeCmp

The send_CSSx_notification is called one or more times.
The MMITE is always notified via +CSSlindications for MO calls.

rCl_plusCSssSl

rAT_plusCSSI

send_CSSx_notification

ATl determines from the +CSSN setting whe

ther the +CSSlcan be sent to the TE or not.

10

11

cmhCC_CallConnected

psa_mncc_setup_cnf

The OK reslut code is transmitted now as in the case +COLP is active.

12

rCl OK

A new Facility IE received with an ssNotify Invoke Component.
The MMITE is notified via +CSSU indications since no AT command is active (not executing ATD).

13

14

15

16

17

rCl_plusCSSU

rAT_plusCSSU

psaCC_dasminy

send_CSSx_notification

Figure 8 MOC: Facility received after MNCC_SETUP_REQ

psa_mncc_facility_ind

[facility_ie]
okeCmp
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4.2 Mobile Terminated Call

ATI

s

MMI CMH

==

ccC PSA CC

PEIPS

Supplementary Service Notification; Mobile Terminated Call; Facility after ringing.
Prerequisites: The mobile is IMSI attached, %CP|, +CLIP and +CRING are active.

psa_mncc_setup_ind

[redirecting_party]

Set the ccShrdPrm.ctb[cld].CDStat==CD_Notified and store redirecting info.

rCl_PefcentCPI

rAT_PercentCPI
[CPI_MSG_Setup]

rAT_plusCRING

rAT_plusCLIP

[CPI_MSG_Setup]

rCL_plysCRING

10

rCl_plusCLIP

psa_mncc_sync_ind

MNCC_ALERT_REQ

cmhCC_IncomingCall

or deflected.

Since ccShrdPrm.ctb[cld].CDStat==CD_Notified the TE is informed that the call

is forwarded

11

12

13

rCl_plusCSSU

send_CSSx _n

rAT_plusCSSU

[CSSx_CODE | DeflectedCall]

tification

CMH_CC checks for any stored MNCC_FACILITY_IND in the Call Table (ccShr
In this case no MNCC_FACILITY_IND is received yet.

dPrm.ctb[cld].facility)

14

psa_mncc_facility_ind

[facility_ie]

In this case the Facility IE is an ssNotify Invoke Component.
The MMVITE is always notified via +CSSU indications for MT calls.

15

16

17

18

rCl_plusCSSU

rAT_plusCSSU

psaCC_dasminy

send_CSSx_notification

okeCmp

‘ ATl determines from the +CSSN setting whether the +CSSU can be sent to the TE or not.

Figure 9 Facility received after TCH assignment
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ATI MMI CMH CC PSA CC PEIPS

==

Supplementary Service Notification; Mobile Terminated Call; Facility before ringing.
Prerequisites: The mobile is IMS| attached, %CP|, +CLIP and +CRING are active.

1 psa_mncc_setup_ind
2 psa_mncc_facility_ind
[facility_ie]
Store the MNCC_FACILITY_IND in ccShrdPrm.ctb[cld] facility linked list since ccShrdPrm.TCHasg
is FALSE thus ringing is not yet performed. PFREE is not called in this case.
3 psa_mncc_sync_ind
4 MNCC_ALERT_REQ
5 cmhCC_IncomingCall
6 rAT_PercentCPI
[CPI_MSG_Setup]

7 rAT_plusCRING
8 rAT_plusCLIP
9 rCl_PefcentCPI

[CPI_MSG_Setup]
10 rCI_plysCRING
11 rCl_plusCLIP

‘ CMH_CC checks for any stored MNCC_FACILITY_IND in the Call Table (ccShrdPrm.ctb[cld].facility) ‘

In this case the Facility IE is an ssNotify Invoke Component.
The MMITE is always notified via +CSSU indications for MT calls.

psaCC_mncc_facility_ind
[ccShrdPrm.ctb(cld].facility]
13 psaCC_dasminvokeCmp

12

The send_CSSx_notification is called one or more times.

14 send_CSSx_notification

15 rAT_plusCSSU

16 rCl_plusCSSU

17 return psaCC_dasminvokeCmp

PFREE the element in the ccShrdPrm.ctb[cld].ptr_facility linked list.
In this case no more elements are stored.

Figure 10 Facility received before TCH assignment
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ATI MMI PSA_CC PEIPS

=

Supplementary Service Notification; Mobile Terminated Call; Facility after ringing; Signal received.
Prerequisites: The mobile is IMSI attached, %CPI, +CLIP and +CRING are active.

1

rCl_Pe

rAT_PercentCPI

psa_mncc_setup_ind

[signal_ie]

MNCC_ALERT_REQ

cmhCC_IncomingCall

[CPI_MSG_Setup]

rAT_plusCRING

rAT_plusCLIP

centCPI

[CPI_MS

rCl_ply

5_Setup]

SCRING

rClp

usCLIP

CMH_CC checks for any stored MNCC_FACILITY_IND in the Call Table (ccShrdPrm.ctb[cld].facility)
In this case no MNCC_FACILITY_IND is received yet.

10

psa_mncc_facility_ind

[facility_ie]

In this case the Facility IE is an ssNotify Invoke Component.
The MMITE is always notified via +CSSU indications for MT calls.

11

12

13

14

rCl_pl

rAT_plusCSSU

psaCC_dasmin|

send_CSSx_notification

sCSSU

15

16

c¢cmhCC_Synchronized

okeCmp

psa_mncc_sync_ind

Figure 11 Facility received before TCH assignment; Signal Information Element received
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ATI MMI CMH CC PSA CC PEIPS
Supplementary Service Notification; Mobile Terminated Call Failure; Facility before ringing.
Prerequisites: The mobile is IMS| attached, %CPI, +CLIP and +CRING are active.
1 psa_mncc_setup_ind
2 psa_mncc_facility_ind
[facility_ie]
Store the MNCC_FACILITY_IND in ccShrdPrm.ctb[cld] facility linked list, since ringing is
not yet performed.
3 psa_mncc_release_ind
4 psaCC_FreeCtbNtry
psaCC_FreeCtbNitry calls PFREE(ccShrdPrm.ctb[cld].ptr_facility) if a MNCC_FACILITY_IND
is stored.
Figure 12 Facility received before TCH assignment; call establishment fails
Page: 18/19
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ATI MMI CMH_CC PSA_CC PEIPS
Supplementary Service Notification; Mobile Terminated Call; Facility before ringing.
Prerequisites: The mobile is IMS| attached.
1 psa_mncc_setup_ind
2 psa_mncc_facility_ind
[facility_ie]
Store the MNCC_FACILITY_IND in ccShrdPrm.ctb[cld] facility linked list
since ccShrdPrm.TCHasg is FALSE thus ringing is not yet performed. PFREE is not called
in this case.
3 psa_mncc_facility_ind
[facility_ie]
Add the MNCC_FACILITY_IND to ccShrdPrm.ctb[cld].facility linked list.
4 psa_mncc_sync_ind
5 MNCC_ALERT_REQ
6 cmhCC_IncomingCall
7 rAT_plusCRING
8 rCl_plusCRING
‘ CMH_CC checks for any stored MNCC_FACILITY_IND in the Call Table (ccShrdPrm.ctb[cld].facility) ‘
In this case the first Facility IE is an ssNotify Invoke Component.
The MMITE is always notified via +CSSU indications for MT calls.
9 psaCC_mncc_facility_ind
[ccShrdPrm.ctb[cld].facility]
10 psaCC_dasminvokeCmp
The send_CSSx_notification is called one or more times.
11 send_CSSx_notification
In this case the Facility IE is an ssNotify Invoke Component.
The MMITE is always notified via +CSSU indications for MT calls.
12 rAT_plusCSSU
13 rCl_plusCSSU
14 return psaCC_dasminvokeCmp
The MNCC_FACILITY_IND is PFREE'ed and the element is removed from the
ccShrdPrm.ctb[cld].ptr_facility linked list. Subsequent components are treated as the first one
with respect to the OPERATION tag.
Figure 13 Facility before TCH assignment; multiple Facility IEs received
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