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Abstract of the contribution:  This paper is a proposal for a network based method for EPS fallback for IMS voice which uses the combined information from RAN, core and IMS network and does not impact IMS.
Background

At the time of IMS voice call, the NG RAN may reject the radio resources at the time of resource allocation. The UE is redirected to EPS where the IMS voice call can be setup. If the reference point N26 is not implemented when the UE fallbacks to EPS the delay may cause that the SIP messages for the IMS session setup may be lost. In CT1 #110, a paper was presented which described a network based solution for the EPS fallback. The solution employs the feature that Application Function (AF) subscribes to be notified in case that the UE is temporary unavailable due to fallbacks to EPS when a voice call is established. The solution re-uses the Event Trigger method (as described in TS 23.503) allowing the SMF to notify the PCF and consequently the AF, that the QoS flow to establish voice was rejected due to EPS fallback. 
The solution reuses the current existing signalling and parameters and is independent on existence of N26. The solution is not dependent on TCP or UDP and can be implemented with any IP level protocol.

The IP level protocol, Transmission Control Protocol (TCP), solution has in the past been proposed to be employed for all IMS signalling when the N26 does not exist to assure deliverance of the SIP messages. That method is also relying on the UE request a TCP connection when the UE is notified from the network that N26 is not supported. 
There are two main issues with the TCP solution:

1. TCP for IMS has been known to degrade the performance of the IMS network by more than 30%

2. A fraudulent UE can force the IMS network to use TCP for IMS signalling degrading the performance of the network.

Observation 1: TCP for IMS degrades the performance of the IMS network
Observation 2: The TCP solution relies on the UE to request a TCP connection. A fraudulent UE can degrade the performance of the network by always requesting a TCP question irrespective or not the 5G infrastructure supports N26 or not.

This discussion paper includes therefore a summary of TCP and its impact on the performance of the IMS network. Note that in the past TCP has only been used when there was an absolute need for it, e.g. due to size of SIP messages or employed protocol such as MSRP, however, that proposal suggests to use TCP based on service and radio access technology, which IETF and any of its related protocol should be transparent to.
Discussion 
Core Network Description
Figure 4.13.6.1-1: EPS Fallback for IMS voice in TS 23.502 is now shown as 
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The additional steps to subclause 4.13.6.1 of 3GPP TS 23.502 are as follows:

Step 1: The AF additionally subscribes from the PCF to be informed when the UE is temporary unavailable due to EPS fallback as well as when the QoS bearers for voice are established in EPS. The PCF provides PCC rules to the SMF including an Event Trigger to be informed when the RAN rejects the QoS resource for voice due to EPS fallback.
Step 4b: When the RAN node rejects the QoS flow for voice due to EPS fallback the SMF notifies the PCF of this event. The PCF consequently informs the AF that the UE is temporary unavailable.

Step 4c: The AF holds any outgoing or incoming SIP signaling until the UE fallbacks to EPS.
Step 7b: When the QoS bearers for voice are established the SMF notifies the PCF that the resources for voice are available. The PCF notifies the AF. As soon as the AF is notified the AF resumes outgoing/incoming SIP signaling.

IMS Description

The following figure illustrates IMS description of the EPS fall back for Mobile Terminated (MT) case.
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1- The originating party sends a Session Initiation Protocol (SIP) INVITE request containing an initial Session Description Protocol (SDP) offer towards the Serving Call Session Control Function (S-CSCF).
2- S-CSCF validates the service profile and invokes any termination service logic required for this user. This includes authorization of the requested SDP based on the user's subscription for multi-media services.

3- S-CSCF remembers (from the registration procedure) the next hop P-CSCF for this UE. It forwards the SIP INVITE request to the P-CSCF in the visited network.

4- If the P-CSCF determines that the termination is for an Multimedia Priority Service (MPS) session, the P-CSCF derives the session information and invokes dynamic policy sending the derived session information to the PCRF. The P-CSCF remembers (from the registration procedure) the UE address, and forwards the INVITE to the UE.

5- UE determines the subset of the media flows proposed by the originating endpoint that it supports, and responds with an Offer Response message back to the originator. The SDP may represent one or more media for a multi-media session. This response is sent to P-CSCF.

6- P-CSCF authorizes the resources necessary for this session by informing the PCRF + PCF about the UE IP address and the application identifier. The PCRF + PCF conveys the PDU session modification to Core which requests the RAN for the new QoS  flow establishment for the PDU session modification. The RAN decides to reject the new QoS flow establishment and send the rejection indication towards the Core. The Core sends the UE’s loss of access type transmission resources towards the PCRF + PCF which informs the AF + P-CSCF about this.

7- This step is initiated simultaneously with step 6. P-CSCF forwards the Offer Response message in SIP 183 session in progress response to S-CSCF.

8- S-CSCF forwards the Offer Response message in SIP 183 session in progress response to the originating UE.

9- The procedure for the 5GS to EPS handover with N26 is described in subclause 4.11.1.2.1 of 3GPP TS 23.502 and the procedure for the 5GS to EPS redirection is described in subclause 4. 11.1.3.2 of 3GPP TS 23.502. Subclaus 4.11.2.2 in 3GPP TS 23.502 describes inter-system redirection to EPS without N26 interface. If the UE supports Request Type flag "handover" for PDN connectivity request during the attach procedure as described in clause 5.3.2.1 of 3GPP TS 23.401 and has received the indication that interworking without N26 is supported then the UE initiates Attach with PDN connectivity request with request type "handover". Upon completion of the mobility procedure to EPS, Core re-initiates to establish the dedicated bearer for the IMS session and notifies the PCRF + PC about the new access type. The PCRF + PCF informs the AF + P-CSCF about the UE’s new access type of the PDU session.  

10- The originating endpoint sends a Response Confirmation as a SIP PRACK message to S-CSCF. The Response Confirmation may also contain SDP. This may be the same SDP as in the Offer Response sent in Step 5 or a subset. If new media are defined by this SDP, a new authorization (as in Step 6) will be done by the AF + P-CSCF and PCRF + PCF following Step 12. The originating UE is free to continue to offer new media on this operation or on subsequent exchanges using the Update method. Each offer/answer exchange will cause the P-CSCF + AF and PCRF + PCF to repeat the Authorization step (Step 6) again.

11- S-CSCF forwards the Response Confirmation as a SIP PRACK message to P-CSCF. 

12- By this time the AF + P-CSCF is aware of about the possible UE’s loss of access type transmission resource and therefore an ongoing inter-RAT mobility from 5GS to EPS. If AF + P-CSCF has not received the information about the UE’s new Access Type of the PDU session, it may temporary hold-on the IMS signalling towards the UE until at least the default bearer is established in the target RAT and/or system and AF + P-CSCF receives a confirmation about the UE’s new Access Type. AF + P-CSCSF may also retry if it does not receive the acknowledgement for the Response Confirmation by the terminating UE in message 12, SIP 200 OK response. 
13- UE responds to the Response Confirmation with an acknowledgement as a SIP 200 OK response. If Optional SDP is contained in the Response Confirmation, the acknowledgement (SIP 200 OK response) will also contain an SDP response. If the SDP has changed, the AF + P-CSCF authorizes that the resources are allowed to be used. 

By this time the UE is now on the EPS access technology, therefore, it shall insert the new access technology in the PANI header field in the SIP 200 OK response.
14- Depending on the bearer establishment mode selected for the IP CAN session, resource reservation shall be initiated either by the UE or by the IP CAN itself. The UE initiates the reservation procedures for the resources needed for this session. Otherwise, the IP CAN initiates the reservation of required resources after step 6. 
15- Thru 16- The acknowledgement (200 OK response) is forwarded to the originating end point.

17- Thru 19- When the originating endpoint has completed its resource reservation, it sends the successful Resource Reservation message as a SIP UPDATE message towards S-CSCF. The S-CSCF forwards the message toward the terminating endpoint along the signaling path.

20- The UE alerts the destination user of an incoming session setup attempt.

21- Thru 23- UE responds to the successful resource reservation by a SIP 200 OK response and the message is forwarded to the originating end.

24- Thru 26- UE may alert the user and wait for an indication from the user before completing the session. If so, it indicates this to the originating party by a provisional SIP 180 ringing response indicating Ringing. This message is sent to P CSCF and along the signaling path to the originating end.
27- Upon receipt of the SIP 200 OK by the  P-CSCF 

a. AF + P-CSCF indicates to PCRF + PCF and the authorized media flows for this session is now enabled via Core.

b. UE starts the media flow(s) for this session.

28- Thu 29- P-CSCF forwards the 200 OK to S-CSCF, following the signaling path.

30- Thru 32- The session originator responds to the 200 OK by sending a SIP ACK message to S-CSCF and it is forwarded to the terminating end along the signaling path.
The following figure illustrates IMS description of the EPS fall back for Mobile Originated (MO) case.
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1- The UE sends a Session Initiation Protocol (SIP) INVITE request containing an initial Session Description Protocol (SDP) offer towards the Proxy Call Session Control Function (P-CSCF).
2- The P-CSCF forwards the request towards the Serving Call Session Control Function (S-CSCF).

3- S-CSCF validates the service profile and invokes any service logic required for this user. This includes authorization of the requested SDP based on the user's subscription for multi-media services.

4- S-CSCF forwards the INVITE message request to the terminating UE.

5- The terminating UE determines the subset of the media flows proposed by the originating endpoint that it supports, and responds with an Offer Response message back to the originator. The SDP may represent one or more media for a multi-media session. This response is sent to the S-CSCF and is targeted the originating UE.

6- S-CSCF forwards the 183 session in progress response towards P-CSCF.
7- P-CSCF authorizes the resources necessary for this session by informing the PCRF + PCF about the UE IP address and the application identifier. The PCRF + PCF conveys the PDU session modification to Core which requests the RAN for the new QoS  flow establishment for the PDU session modification. The RAN decides to reject the new QoS flow establishment and send the rejection indication towards the Core. The Core sends the UE’s loss of access type transmission resources towards the PCRF + PCF which informs the AF + P-CSCF about this. The AF + P-CSCF buffers the 183 session in progress response since it is meant to be sent to the UE and the UE may lose connection in prior to receiving this SIP message. If the AF + P-CSCF choose to transmit this SIP response towards the UE, it should expect a SIP PRACK. If the the SIP PRACK is not received the AF + P-CSCF should retransmit the 183 session in progress response towards the UE.

8- The procedure for the 5GS to EPS handover with N26 is described in subclause 4.11.1.2.1 of 3GPP TS 23.502 and the procedure for the 5GS to EPS redirection is described in subclause 4. 11.1.3.2 of 3GPP TS 23.502. Subclaus 4.11.2.2 in 3GPP TS 23.502 describes inter-system redirection to EPS without N26 interface. If the UE supports Request Type flag "handover" for PDN connectivity request during the attach procedure as described in clause 5.3.2.1 of 3GPP TS 23.401 and has received the indication that interworking without N26 is supported then the UE initiates Attach with PDN connectivity request with request type "handover". Upon completion of the mobility procedure to EPS, Core re-initiates to establish the dedicated bearer for the IMS session and notifies the PCRF + PC about the new access type. The PCRF + PCF informs the AF + P-CSCF about the UE’s new access type of the PDU session.
9- P-CSCF forwards the 183 session in progress response towards the originating UE.

10- The originating UE constructs a Response Confirmation as a SIP PRACK message. The Response Confirmation may also comprise SDP. It may be the same SDP as in the Offer response received  in step 8 or a subset. If new media are defined by this SDP, a new authorization (as in step 7) will be done by the AF + P-CSCF and PCRF + PCF following this step.  The originating UE is free to continue to offer new media on this operation or on subsequent exchanges using the Update method. Each offer/answer exchange will cause the P-CSCF + AF and PCRF + PCF to repeat the Authorization step (Step 7) again. Since The originating UE is now connected to the EPS access technology, it shall insert the new access technology in the PANI header field in the SIP PRACK message.  

11- Depending on the bearer establishment mode selected for the IP CAN session, resource reservation shall be initiated either by the UE or by the IP CAN itself. The UE initiates the reservation procedures for the resources needed for this session. Otherwise, the IP CAN initiates the reservation of required resources after step 7. 
12- By this time the AF + P-CSCF is aware of about the possible UE’s loss of access type transmission resource and therefore an ongoing inter-RAT mobility from 5GS to EPS. If AF + P-CSCF has not received the information about the UE’s new Access Type of the PDU session from the PCRF + PCF, it will now get the information once the P-CSCF receives the SIP PRACK message with PANI header which identify EPS as the RAT type. The P-CSCF forward the SIP PRACK message towards the S-CSCF.

13- S-CSCF updates the UE’s RAT type and forwards the SIP PRACK message towards the terminating UE.

14- Thru 15- The terminating UE responds to the Response Confirmation with an acknowledgement as a SIP 200 OK response. If Optional SDP is contained in the Response Confirmation, the acknowledgement (SIP 200 OK response) will also contain an SDP response. If the SDP has changed, the AF + P-CSCF authorizes that the resources are allowed to be used.
16- The acknowledgement (200 OK response) is forwarded to the UE.

17- Thru 19- When the UE has completed its resource reservation, it sends the successful Resource Reservation message as a SIP UPDATE message towards P-CSCF. The P-CSCF forwards the message toward the S-CSCF and then toward the terminating endpoint along the signaling path.
20- Thru 22- The terminating end responds to the successful resource reservation by a SIP 200 OK response and the message is forwarded to the UE.

23- Thru 25- The terminating end may alert the user and wait for an indication from the user before completing the session. If so, it indicates this to the UE by a provisional SIP 180 ringing response indicating Ringing.
26- The UE informs the user about alerting the destination user for the incoming session setup attempt.

27- S-CSCF receives 200 OK response for the session establishment from the destination end and forward to the P-CSCF.

28- Upon receipt of the SIP 200 OK by the  P-CSCF 

a. AF + P-CSCF indicates to PCRF + PCF and the authorized media flows for this session is now enabled via Core.
b. UE starts the media flow(s) for this session.
29- P-CSCF forwards the 200 OK towards the UE.

30- Thru 32- The UE responds to the 200 OK by sending a SIP ACK message to S-CSCF and it is forwarded to the terminating end along the signaling path.
Transmission Control Protocol (TCP)
Transmission Control Protocol (TCP) provides in theory guaranteed delivery from point A to point B in an IP domain as long as the point A and point B maintains their IP addresses. It also delivers the packets in order. However, TCP has a complex protocol with many features which come at a cost. It imposes some overhead in terms of packet size see the format of the TCP vs. UDP which is illustrated in the following figure

	
[image: image4.emf]Source Port Destination Port

Sequence Number

Acknowledgement Number

U

R

G

A

C

K

P

S

H

R

S

T

S

Y

N

F

I

N

Reserved

Data 

Offset

Window

Checksum Urgent Pointer

Options Padding

Data

Source Port Destination Port

Length Checksum

Data

Transmission Control Protocol (TCP)

User Datagram Protocol (UDP)

0 32 16

0 32 16




TCP has a 3-way handshake feature which uses SYN, Sequence Number, and Acknowledgement Number between the P-CSCF and the UE to establish a connection at the time of data transmission. Once the data has been transmitted, TCP terminates the connection using a 4-way handshake by employing FIN and ACK. Since the TCP is proposed to be used for the IMS session setup, each message for the session setup between the P-CSCF and the UE is carried according to the following figure. 
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The data transmission is SIP message or part of SIP message depending on the selected maximum segment size. Maximum segment size is announced by the P-CSCSF and the UE by using Options bits. If the maximum segment size is too small, streams of the network traffic contains of a large number of small packets which affect the performance of the communication. If the maximum segment size is too large that it exceeds the maximum transmission unit (MTU) of IP data, the performance is degraded by requiring each packet being divided into smaller sizes i.e. fragmentation which can cause packet loss and extensive retransmission. The maximum segment size should be small enough to avoid IP fragmentation and should be large enough to avoid TCP procedure overhead for each transportation to avoid delay of for transportation. 

In TCP the data segments are transmitted in order and any cumulative segments which is not acknowledged by the receiver is retransmitted. Controlled by the Window, the data flow is controlled where the receiver tells the sender continuously how much data can be received. Upon the receiver’s buffer is filled up, the receiver by setting the Window to zero, signals the transmitter to stop data transfer to allow the buffered data to be processed. 

Summary

This paper describes a network controlled EPS fallback which relies on interworking between RAN, core and IMS network. In this solution the IMS network subscribes to the UE’s status of RAT when a specific service (MMTEL) is setup while the UE initially is  attached to 5GS. The solution reuses the current existing signaling and parameters.  This paper also analyzes TCP. Although TCP guarantees the data transmission/reception and flow control, it comes at heavy computation and signaling which results in degradation of the IMS network. 

Proposal

The proposed solution is in CR S2-185411
3GPP


RAN
CORE
PCRF + PCF
S-CSCF
AF + 
P-CSCF
1. INVITE (initial SDP offer)
3. Service Control
4. INVITE
5. 183
8. 183
UE
19. UPDATE
18. UPDATE
11. Resource Reservation
17. UPDATE
16. 200 OK
15. 200 OK
14. 200 OK
13. PRACK
12. PRACK
10. PRACK
22. 200 OK
21. 200 OK
20. 200 OK
26. Alerting End User
25. 180
23. 180
24. 180
29. 200 OK
27. 200 OK
28. 200 OK
32. ACK
31. ACK
30. ACK
6. 183
28a. Enabling of media flows
28b. Start media
7. Resource allocation and loss of NG-RAN and informing AF + P-CSCF
9. Fallback to EPS and informing AF + P-CSCF
2. INVITE



SYN = 1, Sequence Number = n
SYN=1,Sequence Number = m, Acknowledgement Number = n+1
SYN = 0, 
Acknowledgement Number = m+1
Data
P-CSCF
UE
P-CSCF
UE
FIN = 1
ACK = 1
FIN = 1
ACK = 1



NG-RAN
E-UTRA
AMF
MME
SGW
PGW-C + SMF
PGW-U + UPF
PCRF + PCF
IMS + AF
1. MO or MT IMS voice session in 5GC; QoS flow for voice establishment initiated
UE
2. NW initiated PDU session modification to setup QoS flow for IMS voice
3. Trigger for fallback, optional measurement Report Solicitation
4a. Reject PDU session modification indicating IMS voice fallback in progress
5. Redirection and handover to EPS
6a. TAU procedure
6b. Attach with PDN connectivity request with request type “handover”
7a. NW initiated PDN connection modficiation to setup dedicated bearer for voice
8. Resume IMS voice establishment
4b. Report temporary loss of resources due to IMS voice fallback
4c. Buffer SIP signalling until the UE fallbacks to EPS
7b. Report resources are available for IMS voice



Source Port
Destination Port
Sequence Number
Acknowledgement Number
URG
ACK
PSH
RST
SYN
FIN
Reserved
Data Offset
Window
Checksum
Urgent Pointer
Options
Padding
Data
Source Port
Destination Port
Length
Checksum
Data
Transmission Control Protocol (TCP)
User Datagram Protocol (UDP)
0
32
16
0
32
16



RAN
CORE
PCRF + PCF
S-CSCF
AF + 
P-CSCF
1. INVITE (initial SDP offer)
2. Service Control
3. INVITE
4. INVITE
5. 183
UE
7. 183
17. UPDATE
18. UPDATE
14. Resource Reservation
19. UPDATE
13. 200 OK
15. 200 OK
16. 200 OK
10. PRACK
11. PRACK
12. PRACK
21. 200 OK
22. 200 OK
23. 200 OK
20. Alerting
24. 180
26. 180
25. 180
27. 200 OK
29. 200 OK
28. 200 OK
30. ACK
31. ACK
32. ACK
8. 183
27a. Enabling of media flows
27b. Start media
6. Resource allocation and loss of NG-RAN and informing AF + P-CSCF
9. Fallback to EPS and informing AF + P-CSCF



