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• PDU session establishment (default QFI) is requested by the UE during the initial registration phase. 

• IMS signalling messages are between the UE and the IMS signalling functions in HPLMN (default QFI).

• PDU session modification is initiated by the HPLMN for IMS media related QFI (dynamic QFI).

• H-SMF in PLMN is aware of the QFI used and provides the same to H-UPF, V-SMF during the PDU session establishment steps. 

• V-SMF provides the QFI to the AN during the PDU session establishment steps.  

• QFI is not passed to the V-UPF, however, V-UPF can recognise UP packets based on the QFI (from the GTP-U extension header) .  

• V-SMF can determine the QFI associated with the IMS signalling and IMS media based on the 5QI values (=5 for IMS signalling and = 

1 for voice according to GSMA guidelines).  

• UPF uses the PFCF Session ID in the N4 requests, and LI_T2/LI_T3 triggers. 



18/10/20194 © Nokia 2019            

Drawn by N. Rao

PDU sessions for IMS services

V-UPF

HPLMNVPLMN

IMS Session 2

IMS Session 1

Media for IMS Session 2

Media for IMS Session 1

5GS PDU session

Party-2

Party-1

Vo5GS 

UE

IMS Session 1

IMS Session 2

 

P-CSCF

IMS-

AGW

Vo5GS 

UE
H-UPF

gNB/

N3IWF

QoS Flow = IMS 

Signaling

QoS Flow – IMS media

IMS 

Signaling

IMS

Media

2

1

IMS Sessions 

(or session legs)

UPF

5GS 

PDU 

Session

V-UPF BBIFF-U H-UPF

HPLMNVPLMN

IMS-AGW

Vo5GS

(target)

P-CSCF

IP Address 2: 12.1.1.1IP Address 1: 5.100.1.10 IP Address 3: 5. 5.100.1.1
IP Address 4: 5.175.200.1

IP Address 5: 5.175.10.1

UDP Port: 24000, 24001

UDP Port: 26000, 26001

UDP Port: 5060

UDP Port: 32000, 32001

UDP Port:36000, 36001

UDP Port: 5060

UDP Port: 2152

UDP Port: 2152
UDP Port: 5060

UDP Port: 5060

UDP Port: 2152

UDP Port: 2152

IMS Session 1

IMS Session 2

Media of IMS 

Session 1

Media of IMS 

Session 2

 IMS SignaliNg QoS Flow

IMS media QoS Flow

5.100.1.10/ 5.175.200.1

RTP

UDP

IP

RTP

UDP

IP

 24000/3200026000/36000

 5.100.1.10/ 5.175.200.1

 2152/2152

12.1.1.1/5.5.100.1.1

 5.100.1.10/24000,24001

 5.175.200.1/32000,32001

UDP

IP 5.100.1.10/ 5.175.10.1

 5.100.1.10/26000,26001

 5.175.200.1/36000,36001
SDP SDP

SIP SIP

5060/5060

IP

UDP

GTP-U

5GS PDU SessionQFI = IMS Media QFI = IMS Signaling

• Multiple QoS flows within a 

PDU session.

• Multiple IMS sessions can be 

concurrently present. 

• Each IMS session may require 

separate correlation Info.
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TS 23.501 referenced text

5.7.1.3 Control of QoS Flows

The following options are supported to control QoS Flows:
1) For Non-GBR QoS Flows, and when standardized 5QIs or pre-configured 5QIs are used and when the 5QI is within the range of the QFI 

(i.e. a value less than 64), the 5QI value may be used as the QFI of the QoS Flow.

(a) A default ARP shall be pre-configured in the AN; or

NOTE 1: The above 1a option is intended to be used for non-3GPP ANs (e.g. Fixed AN) scenarios when there is no need for any N1 

signalling including PDU Session Establishment, nor any N2 signalling.

(b) The ARP and the QFI shall be sent to RAN over N2 at PDU Session Establishment or at PDU Session Modification and when NG-

RAN is used every time the User Plane of the PDU Session is activated; and

2) For all other cases (including GBR and Non-GBR QoS Flows), a dynamically assigned QFI shall be used. The 5QI value may be a 

standardized, pre-configured or dynamically assigned. The QoS profile and the QFI of a QoS Flow shall be provided to the (R)AN over 

N2 at PDU Session Establishment/Modification and when NG-RAN is used every time the User Plane of the PDU Session is activated.

NOTE 2: The options 1b and 2 are intended to be used for 3GPP ANs.

NOTE 3: Pre-configured 5QI values cannot be used when the UE is roaming.

H-SMF knows and selects the QFI used for voice traffic, and provisions the UPF over N4 with corresponding traffic filters and QFI value. 
The V-SMF only gets the QFI along with QoS flow description from the H-SMF (that it needs to pass to the NG-RAN) and does NOT 
provision the V-UPF with QFIs (only with the GTP-U tunnel IP address and tunnel identifier).
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Stage 2: LI in VPLMN with home-routed roaming architecture  

• LI_X1 to BBIFF-C is added to provide the  

LMISF address to BBIFF-C. 

• Notes: 

• Any required configuration to BBIFF-C 

is done via LI_Xib interface which can 

also be used to provide the LMISF 

address (as an alternate to LI_X1). 

• In S8HR LI model, SGW does not have 

any interface to the ADMF. 

• Alternatively, the initial configuration can be 

activated by the LIPF instead of LMISF.
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Option A: extend S8HR LI approach to N9HR LI (i.e. use of LI_Xia, LI_Xib)  

• BBIFF-C/BBIFF-U in SMF/UPF are provisioned  to notify the LMISF whenever a PDU session for inbound roaming user with N9HR 

DNN is created, modified or deleted.

• BBIFF-C in SMF  determines the QFI related to the IMS signalling. 

• BBIFF-C/BBIFF-U in SMF/UPF are provisioned to duplicate the UP packets related to the IMS signalling QFI of that PDU session to 

the LMISF. 

• LMISF performs a deep packet inspection to examine the SIP messages. 

UPF

BBIFF-U

SMF

BBIFF-C

LMISF

LI_Xib: Notify N9HR DNN PDU session creation/modification/deletion events 

for inbound roamers for N9HR DNN with IMS signaling related UP packets  

LI_Xib: PDU Session is created [UE location, PDU session ID]  

Store the PDU session ID, 

UE location

N4: PDU Session Established for inbound roamers with N9HR DNN   

(duplicate the UP packets of IMS signaling related QFI to LMISF)  

Packets (IMS Signalling)

 (N9HR DNN PDU 

Session)

Examine the SIP message 

present in the UP packets

1

Determine the IMS 

signaling related QFI

3

2

4

LI_Xia:UP packets  (IMS signaling)

The CT4 specs do not support what is required in step 2
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Option B: N9HR DNN as target, still can be viewed as an extension of S8HR LI   

• BBIFF-C in SMF is provisioned by LMISF  for intercept with a new target ID type (NSSAI + N9HR DNN) for IRI + IMS signalling related 

CC interception. 

• BBIFF-C in SMF determines the QFI related to the IMS signalling. 

• BBIFF-C in the role of CC-TF sends a trigger to BBIFF-U to deliver the UP packets with IMS signalling related  QFI. 

• PDU session related events are reported using LI_X2_lite interface. 

• UP packets are reported using LI_X3_lite interface.  

UPF

BBIFF-U

SMF

BBIFF-C

LMISF

LI_X1: Activate Task (N9HR DNN, IRI + CC (IMS signaling))    

LI_X2_lite: PDU Session Established [UE location, PDU session ID]  

Store the PDU session ID, 

UE location

N4: PDU Session Established for inbound roamers with N9HR DNN   

Packets (IMS Signalling)

 (N9HR DNN PDU 

Session)

Examine the SIP message 

present in the UP packets

LI_T3: Activate Task (PFCP Session ID, IMS signaling related QFI)    

Determine the IMS 

signaling related QFI

1

3

4

5

2

LI_X3_lite: UP packets  (IMS signaling)
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Option C: N9HR DNN as target, provisioned by LIPF

• Same as Option B except that (NSSAI + N9HR DNN) intercept provisioning is done by LIPF. 

UPF

BBIFF-U

SMF

BBIFF-C

LMISF

LI_X1: Activate Task (N9HR DNN, IRI + CC (IMS signaling))    

LIPF

LI_X2_lite: PDU Session Established [UE location, PDU session ID]  

Store the PDU session ID, 

UE location

N4: PDU Session Established for inbound roamers with N9HR DNN   

Packets (IMS Signalling)

 (N9HR DNN PDU 

Session)

Examine the SIP message 

present in the UP packets

LI_T3: Activate Task (PFCP Session ID, IMS signaling related QFI)    

Determine the IMS 

signaling related QFI
3

4

5

2

1

LI_X3_lite:UP packets  (IMS signaling)
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N9HR LI 

IMS media interception 
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Option 1: extend S8HR LI approach to N9HR LI with option A for configuration  

• Triggering is initiated by LMISF (to BBIFF-C) when CC interception is needed over LI_Xia.

• BBIFF-C in SMF determines the QFI related to the IMS media. 

• BBIFF-C passes the trigger that contains the determined IMS media related QFI within the N4 request to the BBIFF-U. 

• UPF filters out the IMS media related user packets (for delivery to LMISF) based on the QFI received in the trigger.

LI_X1: Activate Task (SIP URI/TEL URI, IRI+ CC)    

Store the target 

information

Packets (IMS 

Signalling)

 (N9HR DNN PDU 

Session)

Examine the SIP message 

present in the UP packets

YES

NO

Store the SIP message 

for later use

SIP Message 

 Target?

LI_X2: xIRI (encapsulate SIP message with the correlation information)      LI_HI2: IRI message (encapsulate SIP message)      

LI_Xib: Capture and deliver the IMS media packets        

Use the UE location 

in the next xIRI

Packets (IMS 

Media)

 (N9HR DNN PDU 

Session)

LI_Xia: UP packets (IMS media) Examine the IMS 

media   present in 

the UP packets

LI_HI3: CC (IMS media)      LI_X3: xCC (IMS media with the correlation information)      

LI_Xia:UP packets  (IMS signaling)

2

UPF

BBIFF-U

SMF

BBIFF-C

LMISF

1

LIPF MDF2 MDF3 LEMF

NO

3 4

5

LI_Xib: PDU Session is modified [UE location, PDU session ID]  

N4: PDU Session Modified for inbound roamers with 

N9HR DNN   

(duplicate the UP packets of IMS media related QFI 

to LMISF)  
Determine the IMS 

media related QFI

6

7

8 9 10

Correlated

The CT4 specs do not support what is required in step 6
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Option 2: extend S8HR LI approach to N9HR LI with option B/C for configuration  

• Triggering is initiated by LMISF (to BBIFF-C) when CC interception is needed over LI_T1.

• BBIFF-C in SMF determines the QFI related to the IMS media. 

• BBIFF-C sends the trigger that contains the determined IMS media related QFI to the BBIFF-U using LI_T3 interface. 

• UPF filters out the IMS media related user packets (for delivery to LMISF) based on the QFI received in the trigger.

UPF

BBIFF-U

SMF

BBIFF-C

LMISF

LI_X1: Activate Task (SIP URI/TEL URI, IRI+ CC)    

Store the target 

information

Packets (IMS 

Signalling)

 (N9HR DNN PDU 

Session)

Examine the SIP 

message present in 

the UP packets

LIPF
MDF2 MDF3 LEMF

YES

NO

Store the SIP 

message for 

later use

SIP Message 

 Target?

LI_X2: xIRI (encapsulate SIP message with the correlation information)      LI_HI2: IRI message (encapsulate SIP message)      

LI_T1: Activate Task (PDU Session Id, IMS media)         

LI_X2_lite: PDU Session Modification [UE location, PDU session ID]  

Use the UE location 

in the next xIRI

Packets (IMS 

Media)

 (N9HR DNN PDU 

Session)

Examine the IMS 

media   present in 

the UP packets

LI_HI3: CC (IMS media)      LI_X3: xCC (IMS media with the correlation information)      

LI_T3: Activate Task (PFCP Session Id, IMS media related QFI)         

1

LI_X3_lite: UP packets  (IMS signaling)

2

NO

3 4

5

N4: PDU Session Modified for inbound roamers with 

N9HR DNN   
Determine the IMS 

media related QFI

LI_X3_lite: UP packets (IMS media)

6

7

8

9 10 11

Correlated
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N9HR LI architecture - option A and option 1
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LI_Xib

LMISF

(IRI-POI, CC-POI)

UPF

SMF

BBIFF-U

BBIFF-C

BBIFF

N4

• Based on S8HR LI Model. 

• LI_Xia, LI_Xib are not 

standardized. 

• The CT4 spec does not 

support additional headers 

needed in N4 to forward 

the duplication requests 

from BBIFF-C to BBIFF-U. 
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N9HR LI architecture - option 2 with option B
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(management)

LI_X1
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• Initial configuration (that applies to 

all inbound roamers with N9HR) to 

BBIFF-C and BBIFF-U is handled by 

the LMISF. 

• BBIFF-C uses the IRI-POI, CC-TF 

functions of SMF

• BBIFF-U uses the CC-POI functions 

of UPF. 

• LI_Xia can be based on LI_X3. 

• LI_Xib (bi-directional) can be based 

on LI_X1 in one direction and can be 

based on LI_X2 in the other 

direction. 

• LI_BBF can be based on LI_T3. 
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N9HR LI architecture - option 2 with option C
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LI_X2

BBIFF-C

LI_Xib

LI_Xia

LI_X1 

LI_X1 

(management)

• Initial configuration (that applies to 

all inbound roamers with N9HR) to 

BBIFF-C and BBIFF-U is handled by 

the LIPF. 

• BBIFF-C uses the IRI-POI, CC-TF 

functions of SMF

• BBIFF-U uses the CC-POI functions 

of UPF. 

• LI_Xia can be based on LI_X3. 

• LI_Xib (bi-directional) can be based 

on LI_X1 in one direction and can be 

based on LI_X2 in the other 

direction. 

• LI_BBF can be based on LI_T3. 
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Other options

(to be dismissed)  
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Option 3A: LMISF based direct trigger    • Direct triggering of BBIFF-U for IMS 

media interception is done by the 

LMISF when CC interception is 

needed over LI_T3.

• LMISF is required to have all the 

parameters that are used in the 

LI_T3 (e.g. PFCP session ID, QFI 

related to the IMS media of interest, 

UPF address). 

• LMISF has to wait until the PDU 

session modification event that 

contains the QFI related to IMS 

media is received to determine the 

QFI value for triggering. But, BBIFF-

C may not know what IMS media 

type is looked for. 

• Possible missed interception of IMS 

media packets.

UPF

BBIFF-U

SMF

BBIFF-C

LMISF

LI_X1: Activate Task (SIP URI/TEL URI, IRI+ CC)    

Store the target 

information

Packets (IMS 

Signalling)

 (N9HR DNN PDU 

Session)

Examine the SIP 

message present in 

the UP packets

LIPF
MDF2 MDF3 LEMF

YES

NO

Store the SIP 

message for 

later use

SIP Message 

 Target?

LI_X2: xIRI (encapsulate SIP message with the correlation information)      LI_HI2: IRI message (encapsulate SIP message)      

LI_X2_lite: PDU Session Modification [UE location, PDU Session ID, 

IMS media related QFI, PFCP Session ID, UPF ID]  

Use the UE location 

in the next xIRI

Packets (IMS 

Media)

 (N9HR DNN PDU 

Session)

Examine the IMS 

media   present in 

the UP packets

LI_HI3: CC (IMS media)      LI_X3: xCC (IMS media with the correlation information)      

LI_T3: Activate Task (PFCP Session Id, IMS media related QFI)         

1

LI_X3_lite:UP packets  (IMS signaling)

2

NO

3 4

6

N4: PDU Session Modified for inbound roamers with 

N9HR DNN   
Determine the IMS 

media related QFI

LI_X3_lite: UP packets (IMS media)

5

7

8

9 10

Correlated
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Option 3B: LMISF based direct trigger    
• Direct triggering of UPF for 

all UP packets  is done by 

the LMISF when CC 

interception is needed over 

LI_T3.

• LMISF sends the trigger 

when the SIP is examined. 

• But, this requires the 

changes to the initial 

configuration related 

changes. 

• The new interception results 

in capturing the IMS 

signalling packets twice.

• More UP packets than 

required are to be handled.

• UPF may change in-

between.  

UPF

BBIFF-U

SMF

BBIFF-C

LMISF

LI_X1: Activate Task (SIP URI/TEL URI, IRI+ CC)    

Store the target 

information

Packets (IMS 

Signalling)

 (N9HR DNN PDU 

Session)

Examine the SIP 

message present in 

the UP packets

LIPF
MDF2 MDF3 LEMF

YES

NO

Store the SIP 

message for 

later use

SIP Message 

 Target?

LI_X2: xIRI (encapsulate SIP message with the correlation information)      LI_HI2: IRI message (encapsulate SIP message)      

LI_X2_lite: PDU Session Modification [UE location, PDU Session ID,  

PFCP Session ID, UPF ID]  

Use the UE location 

in the next xIRI

LI_T3: Activate Task (PFCP Session Id, all UP packets)         

5

LI_X3_lite: UP packets  (IMS signaling)

6

NO

7 8

9

N4: PDU Session Modified for inbound roamers with 

N9HR DNN   Determine the IMS 

media related QFI

10

12 13
14

Correlated

11

Packets (IMS Media)

 (N9HR DNN PDU 

Session)

Examine the IMS 

media   present in 

the UP packets

LI_HI3: CC (IMS media)      LI_X3: xCC (IMS media with the correlation information)      

Packets (IMS Signalling)

 (N9HR DNN PDU 

Session)

Examine the SIP 

message present in 

the UP packets

Examine the SIP 

message present in 

the UP packets

LI_X2: xIRI (encapsulate SIP message with the correlation information)      

LI_X2: xIRI (encapsulate SIP message with the correlation information)      

LI_HI2: IRI message (encapsulate SIP message)      

LI_HI2: IRI message (encapsulate SIP message)      

LI_X3_lite: UP packets (IMS media)

LI_X3_lite:UP packets  (IMS signaling)

LI_X3_lite:UP packets  (IMS signaling)

15
16

17

18 19

20

1

LI_X1: Activate Task (N9HR DNN, IRI + CC (IMS signaling))    

LI_X2_lite: PDU Session Established [UE location, PDU 

session ID, PFCP Session ID, UPF ID]  

Store the PDU 

session ID, UE 

location

N4: PDU Session Established for inbound 

roamers with N9HR DNN   

LI_T3: Activate Task (PFCP Session ID, IMS signaling 

related QFI)    

Determine the IMS 

signaling related 

QFI

3

4

2
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Option 4: Intercept all UP packets during the initial configuration (option B/C)

• Flow assumes 

Option C for initial 

configuration. All of 

the steps except the 

step 1 also apply 

option B.  

• No triggering for CC 

interception is 

necessary.

• This approach has a 

severe impact on the 

performance of UPF,  

UPF

BBIFF-U

SMF

BBIFF-C

LMISF LIPF
MDF2 MDF3 LEMF

LI_X1: Activate Task (N9HR DNN, IRI + CC)    

LI_X2_lite: PDU Session Established [UE location, PDU session ID]  

Store the PDU session ID, 

UE location

N4: PDU Session Established for inbound roamers with N9HR DNN   

LI_T3: Activate Task (PFCP Session ID)    

3

4

2

1

LI_X1: Activate Task (SIP URI/TEL URI, IRI+ CC)    

Store the target 

information

Packets  (N9HR 

DNN PDU Session)

Examine the SIP 

message present in 

the UP packets

YES

NO

Store the SIP 

message for 

later use

SIP Message 

 Target?

LI_X2: xIRI (encapsulate SIP message with the correlation information)      LI_HI2: IRI message (encapsulate SIP message)      

LI_X2_lite: PDU Session Modification [UE location, PDU session ID]  

Use the UE location 

in the next xIRI

Packets  (N9HR 

DNN PDU Session)

Examine the IMS 

media   present in 

the UP packets

LI_HI3: CC (IMS media)      LI_X3: xCC (IMS media with the correlation information)      

LI_X3_lite:UP packets  (IMS signaling)

6

NO

7 8

N4: PDU Session Modified for inbound roamers with N9HR DNN   

LI_X3_lite: UP packets (IMS media)

9

10

11 12 13

Correlated

5
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N9HR LI architecture – option 3A/option 3B with option C

LEMF

MDF2

MDF3

LIPF

LICFLEA

LI_HI3

LI_X1LI_X1

LI-HI1

LI_MDF

LI_ADMF

MDF

ADMF

LI_HI2

UPF

SMFLMISF

LI_X3

LI_X1

LI_T3

LI_X2_lite

BBIFF-U

LI_X3_lite

BBIFF-C

LI_X2

BBIFF-C

LI_X1 

LI_X1 

(management)LMISF

LI_T3

• Initial configuration (that applies to all 

inbound roamers with N9HR) to BBIFF-C 

and BBIFF-U is handled by the LIPF. 

• BBIFF-C uses the IRI-POI, CC-TF functions 

of SMF

• BBIFF-U uses the CC-POI functions of UPF. 

• LI_T3 for IMS media capture is from LMISF 

to BBIFF-U. 

• LI_T3 for IMS signalling packet capture is 

from BBIFF-C to BBIFF-U.

• But, this option requires the LMISF to know 

about the QFI, assigned to the IMS media 

by the SMF and may result in missed IMS 

media packet capture.   
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N9HR LI architecture – option 4 with option B
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LI_X3_lite

BBIFF-C

LI_X2

BBIFF-C
LI_Xia

LI_X1 

(management)

LI_X1
LI_Xib

• Initial configuration (that applies to all 

inbound roamers with N9HR) to BBIFF-C 

and BBIFF-U is handled by the LMISF. 

• BBIFF-C uses the IRI-POI, CC-TF functions 

of SMF

• BBIFF-U uses the CC-POI functions of UPF. 

• LI_T3 for IMS signalling packet capture is 

from BBIFF-C to BBIFF-U.

• This option does not require CC interception 

trigger for IMS media.

• This option result in capturing all UP 

packets and can have a severe impact on 

the UPF performance. 
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N9HR LI architecture – option 4 with option C
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LI_X3_lite
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LI_X2

BBIFF-C
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LI_Xia

LI_X1 

LI_X1 

(management)

• Initial configuration (that applies to all 

inbound roamers with N9HR) to BBIFF-C 

and BBIFF-U is handled by the LIPF. 

• BBIFF-C uses the IRI-POI, CC-TF functions 

of SMF

• BBIFF-U uses the CC-POI functions of UPF. 

• LI_T3 for IMS signalling packet capture is 

from BBIFF-C to BBIFF-U.

• This option does not require CC interception 

trigger for IMS media.

• This option result in capturing all UP 

packets and can have a severe impact on 

the UPF performance. 
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LI_Xib

LI_Xia

UPF SMF

BBIFF-C

LMISF

BBIFF-U

LI_X3_lite

LI_T1

LI_X1

LI_T3

LI_X2_lite
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Option A

Option B

Option C

Option 1

Option 2

Option 3

BBIFF-C

Option C

UPF SMF

BBIFF-C

LMISF

BBIFF-U

LI_X3_lite

LI_X1

LI_T3 LI_X2_lite

LIPF

LI_X1Option 4Option C

UPF SMF

BBIFF-C

LMISF LIPF

BBIFF-U

LI_X3_lite

LI_X1

LI_X1

LI_T3

LI_X2_lite

LI_Xib

LI_Xia

Option B Option 4

Option 2

Summary: Options at a snap-shot
• Do not consider Option A, Option 1, Option 3A, Option 3B, Option 4:  

• Option A and Option 1: 

• Use in-band triggers, not supported in 3GPP specs.

• Option 3A: 

• May result in missed IMS media interception.  

• Option 3B: 

• May introduce complexities to LMISF to deal with the UPF 

change,  double reception of IMS signalling packets and too 

many UP packets. 

• Option 4:

• Require no IMS media interception trigger, but results all UP 

packet duplication from UPF to LMISF.

• May have severe impact to the UPF and LMISF performance 

due to the large amount of data sent and received.

• Proposal: Use Option B or Option C for the initial configuration.

• Requires a new target ID type (NSSAI + N9HR DNN) 

• Proposal: Use Option 2 for triggering of the IMS media interception. 
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Proposed architecture
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➢ LMISF provides IRI-POI and CC-POI for voice interception.

➢ BBIFF-C/BBIFF-U provide the needed UP packet capture utilizing the IRI-POI/CC-TF/CC-POI 

function realized in SMF/UPF.  

➢ LI_Xia is based in LI_X3 protocol (referred to as LI_X3_lite)

➢ LI_Xib (bi-directional) is based on LI_X1 protocol (toward BBIFF-C) and based on LI_X2 protocol 

(from BBIFF-C). 
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