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Abstract of the contribution: This paper proposes some optimization on reduce the interruption time of SRVCC. 
Introduction

In SRVCC Rel-8, the IMS Session Transfer procedure is executed in parallel with the Handover from E-UTRAN to UTRAN/GERAN (parallel handover). It leads to some unexpected results, such as
- the requirement of interruption time of SRVCC can be met in some scenario
- the voice continuity can not be provided when the IMS session transfer procedure fails after RAT handover is completed. For example, in the scenario that the IMS SC procedure fails after the RAT handover succeeds, it is not possible to cancel the RAT handover or transfer back to E-UTRAN again.
If the handover from E-UTRAN to UTRAN/GERAN is performed after the IMS session transfer and remote end update procedure (serial handover), the latter problem can be avoided. This paper mainly discusses how to optimize the interruption time of SRVCC.
Alternative 1

If the Handover from E-UTRAN to UTRAN/GERAN is performed after the Session Transfer and Remote Update procedure is completed, the interruption time will be reduced. That is to say, step b1 is executed after step a4 in Figure 1. The solution has been documented in the study report.


[image: image1.emf]UE MSC

MGW

Remote

a4.200 OK

b1.HO CMD

D

o

w

n

l

in

k

IMS Bearer before HO

U

pl

i

n

k

a1.Invite

D

o

w

n

l

i

n

k

SCC AS

a3.Answer

a2.Offer

MME

/eNodB

b2.HO CMD

U

p

l

i

n

k

IMS Bearer after HO

b3.Tune to CS

CS Bearer after HO


Figure 1

The voice downlink media flow is interrupted after step a2, and restored after step b3. So the interruption time of the downlink flow is:

Td=Ta3+Ta4+Tb1+Tb2+Tb3
The voice uplink media flow is interrupted after step b2, and restored after step b3. So the interruption time of the uplink flow is:

Tu= Tb3
Supposed that Tb1 and Tb2 are much shorter than Ta3 and Ta4, the Td and Tu are simplified as following:

Td=Ta3+Ta4+ Tb3
Tu=Tb3
As the total length of Ta3 and Ta4 is normally shorter than the total length of Ta1 and Ta2, the downlink interruption time of Alternative 1 is similar with the one of the current solution. The uplink interruption time of Alternative 1 depends only on the interruption time of RAT handover, and is much shorter than current solution.
The disadvantage of Alternative 1 is that the whole procedure is comparative longer than current solution. 
Alternative 2

Based on Alternative 1, an optimization to Remote Update procedure is shown as below.
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Figure 2

a1. The MSC Server sends the session transfer request INVITE to the SCC AS with MGW’s SDP in the SDP offer.

a2. The SCC AS sends media update request Re-INVITE to remote end without SDP.

a3. Remote end responds 200 OK to the SCC AS with remote end’s SDP in the SDP offer.

a4. The SCC AS responds 200 OK to the MSC Server with Remote End’s SDP in the SDP answer.

a5. The SCC AS sends ACK request to remote end with MGW’s SDP in the SDP answer.

b1. After Session Transfer to IMS is completed, the MSC Server sends PS to CS Handover response to EPS.

b2. EPS sends Handover Command to UE.

b3. UE tunes to the target CS access. The voice downlink media flow is interrupted after step a5, and restored after step b3. So the interruption time of the downlink flow is:

Td=Max(Ta4-Ta5+Tb1+Tb2+Tb3, abs(Ta5-Ta4-Tb1-Tb2-Tb3)

If the Ta5 is equivalent with the total of Ta4, Tb1, Tb2, the interruption time is Tb3.

The voice uplink media flow is interrupted after step b2, and restored after step b3. So the interruption time of the uplink flow is:

Tu= Tb3
As the time when the remote end changes downlink is postponed, the interruption time of the voice downlink flow is shorted. At the best condition, the downlink interruption time and uplink interruption time equal to the RAT handover interruption time. 

Alternative 3

Although solution 1 and solution 2 is able to reduce the interruption time of SRVCC, the procedure of session transfer and remote update is long comparatively. It may bring negative impact to the handover, especially in the high speed movement. For example, when the session transfer procedure is completed in Alternative 1 and 2, the UE may move out of the coverage of the current EPS to make that the Handover Command can not reach the UE.

The solution to this issue is shown in the following figure.
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Figure 3

While finishing the Prepare Handover procedure with the target CS network, the MSC sends back PS to CS pre-Handover Notification to the MME. The information carried in PS to CS pre-Handover Notification is the same with the one in PS-CS handover response. The MME synchronizes the PS handover response and the CS pre-Handover Notification, then sends a pre-Handover Command to the source E UTRAN. The information carried in pre-Handover Command is the same with the one in Handover Command.

Upon receiving the pre-Handover Command, the UE does not tune to the target GERAN/UTRAN immediately, and delays a period to wait the final Handover Command.

After establishing the circuit connection with the target MSC and performing the session transfer procedure, the MSC sends back PS to CS handover response to the source MME as the current specification. The MME coordinates the two relocations, and sends the final Handover Command to UE. When the UE receives the Handover Command, the UE executes the handover.

In the following conditions, the UE will execute the handover before receiving the final Handover Command:

- the UE finds that it is out of EPS coverage during the period, 

- or the wireless condition is too bad to communicate during the period,

- or the UE does not receive the expected Handover Command when the period expires.

During the pre-Handover period, the network can cancel the pre-Handover.

The solution is able to overcome the issue of the handover failure caused by the too long session transfer procedure.

Proposal

1. Adopting the serial handover mechanism: MSC sends the PS to CS handover response to the source MME after the procedure session transfer is completed.

2. Based on proposal 1, introducing the remote update procedure described in Alternative 2 to short the interruption time further.

3. Based on proposal 1 and 2, introducing the pre-Handover Notification mechanism to stage 2 to improve the performance of high speed mobility of SRVCC.
The begin of the 1st change
6.x
Alternative x
6.x.1
Introduction
In SRVCC Rel-8, the Parallel Handover mechanism that the IMS Session Transfer procedure is executed in parallel with the Handover from E-UTRAN/HSPA to UTRAN/GERAN is used. The interruption time is determined by the remote network and the remote end. The performance of interruption time required in 3GPP TS 22.278[x]is not met in some scenarios. 

If using the Serial Handover mechanism in subclause 6.x.2 that the RAT handover is performed after the procedure session transfer is completed, the interruption time is reduced distinctly, especially when the optimization to Remote Update procedure in subclause 6.x.3 is introduced.

In addition, the comparative long session transfer and remote update procedure may cause the handover failure in high speed movement scenario. The pre-Handover Notification mechanism in subclause 6.x.4 is also introduced to improve the performance of high speed mobility of SRVCC.

6.x.2
Serial Handover

The high level concept is consistent with SRVCC Rel-8 except that the MSC Server enhanced for SRVCC sends Handover response with CS resource to MME only when the IMS Service Continuity Procedure is completed. 
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Figure 6.x.2.1: Overall high level concepts for SRVCC from UTRAN (HSPA) to UTRAN/GERAN

The procedure can also be shown like this in Figure 6.x.2.2. Step b1 is executed after step a4.
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Figure 6.x.2.2: SRVCC using Serial Handover from UTRAN (HSPA) to UTRAN/GERAN
The voice downlink media flow is interrupted after step a2, and restored after step b3. So the interruption time of the downlink flow is:

Td=Ta3+Ta4+Tb1+Tb2+Tb3
The voice uplink media flow is interrupted after step b2, and restored after step b3. So the interruption time of the uplink flow is:

Tu= Tb3
Supposed that Tb1 and Tb2 are much shorter than Ta3 and Ta4, the Td and Tu are simplified as following:

Td=Ta3+Ta4+ Tb3
Tu=Tb3
As the total of Ta3 and Ta4 is normally shorter than the total of Ta1 and Ta2, the downlink interruption time is similar with the current solution. The uplink interruption time 1 depends only on the interruption time of RAT handover, and is much shorter than the current solution.



















6.x.3
Pre-handover optimization

Although Serial Handover mechanism in subclause 6.x.2 and Remote Update optimization in subcluause 6.x.3 is able to reduce the interruption time of SRVCC, the procedure of session transfer and remote update is long comparatively. It may bring negative impact to the handover, especially in the high speed movement. For example, when the session transfer procedure is completed, the UE may move out of the coverage of the current EPS to make that the Handover Command can not reach the UE.

The Pre-handover optimization is shown in the following figure.
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Figure 6.x.4.1: Pre-handover optimization to SRVCC using Serial Handover
While succeeding in CS handover preparation, the MSC Server enhanced for SRVCC sends pre-Handover Notification to MME, which includes the necessary CS HO command information for the UE access the UTRAN/GERAN. The information carried in PS to CS pre-Handover Notification is the same with the one in PS-CS handover response. At the same time, the MSC Server enhanced for SRVCC establishes the circuit connection with the target MSC and performs the session transfer procedure.
The MME synchronizes the PS handover response and the CS pre-Handover Notification, then sends a pre-Handover Command to the source E-UTRAN. The information carried in pre-Handover Command is the same with the one in Handover Command.

Upon receiving the pre-Handover Command, the UE does not tune to the target GERAN/UTRAN immediately, and delays a period to wait the final Handover Command.

After establishing the circuit connection with the target MSC and performing the session transfer procedure, the MSC Server enhanced for SRVCC sends back PS to CS handover response to the source MME as specified in 3GPP TS 23.216[x]. The MME coordinates the two relocations, and sends the final Handover Command to UE. When the UE receives the Handover Command, the UE executes the handover.

In the following conditions, the UE will execute the handover before receiving the final Handover Command:

- the UE finds that it is out of EPS coverage during the period, 

- or the wireless condition is too bad to communicate during the period,

- or the UE does not receive the expected Handover Command when the period expires.

During the pre-Handover period, the network can cancel the pre-Handover.

3GPP

SA WG2 TD


_1298962256.vsd
UE


E-UTRAN


MME


MSC Server


Target 
UTRAN/GERAN 


Measurement
Reports


Handover to UTRAN/GERAN required


3GPP IMS


Initiates SRVCC for voice component


CS handover preparation


     IMS Service Continuity Procedure


Handles PS-PS HO for non-voice if needed


PS HO response to MME (CS resources)


To eUTRAN
Coordinates SRVCC and PS HO response 


Handover CMD


Handover
execution


Pre-Handover Notify


To eUTRAN
Coordinates SRVCC and PS HO response 


CS HO notify to MME (CS resources)



_1312700598.vsd
UE


MSC


MGW


Remote


a4.200 OK


b1.HO CMD


Downlink


IMS Bearer before HO


Uplink


a1.Invite


Downlink


SCC AS


a3.Answer


a2.Offer


MME
/eNodB


b2.HO CMD


Uplink


IMS Bearer after HO


b3.Tune to CS


CS Bearer after HO



_1312700788.vsd
UE


MSC


MGW


Remote


a4.200 OK
(answer)


b1.HO CMD


Downlink


IMS Bearer before HO


Uplink


a1.Invite(offer)


Downlink


SCC AS


a3.200 ok(offer)


a2.re-invite()


MME
/eNodB


b2.HO CMD


Uplink


IMS Bearer after HO


b3.Tune to CS


a5.ACK(answer)


IMS Bearer after HO


CS Bearer after HO



_1312354733.vsd
UE


E-UTRAN


MME


MSC Server


Target 
UTRAN/GERAN 


Measurement
Reports


Handover to UTRAN/GERAN required


3GPP IMS


Initiates SRVCC for voice component


CS handover preparation


     IMS Service Continuity Procedure


Handles PS-PS HO for non-voice if needed


PS HO response to MME (CS resources)


To eUTRAN
Coordinates SRVCC and PS HO response 


Handover CMD


Handover
execution


Pre-Handover Notify


To eUTRAN
Coordinates SRVCC and PS pre-HO response 


CS pre-HO notify to MME (CS resources)


Wait Handover CMD



_1274789420.doc


[image: image1.emf]UE E-UTRAN MME MSC Server


Target 


UTRAN/GERAN 


Measurement


Reports


Handover to UTRAN/GERAN 


required


3GPP IMS


Initiates SRVCC for voice component


CS handover preparation


     IMS Service Continuity Procedure


Handles PS-PS HO for 


non-voice if needed


PS HO response to MME


(CS resources)


To eUTRAN


Coordinates SRVCC 


and PS HO response 


Handover CMD


Handover


execution




_1274789422.vsd

UE



E-UTRAN



MME



MSC Server



Target 
UTRAN/GERAN 



Measurement
Reports



Handover to UTRAN/GERAN required



3GPP IMS



Initiates SRVCC for voice component



CS handover preparation



     IMS Service Continuity Procedure



Handles PS-PS HO for non-voice if needed



PS HO response to MME (CS resources)



To eUTRAN
Coordinates SRVCC and PS HO response 



Handover CMD



Handover
execution






