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1. Introduction
Currently RAN WG2 has a Work Item [1] on “Delay optimisation for procedures applicable to CS and PS Connections” having TR 25.815 [2] to reduce the call setup delay. The study for the work item currently only focuses on the RAN signalling optimization such as using default/stored configuration. The available proposals only result in around 500ms [3] upto 1.5s [4, 5] setup time reduction.

In [6], test results on the CS call setup delay are given. 

1. For MO to PSTN tests the lowest and highest delay were 2.80s and 5.24s respectively; the overall averaged delay is 3.96s 

2. For MO to MT tests the lowest and highest delay were 6.73s and 10.82s respectively; the overall averaged delay is 9.08s
Analysis in [Nokia] shows that the delay until Setup message is sent after RRC connection setup contributes around 1.3s delay while the total delay is at least 2.80s for the case of MO to PSTN and 6.73s for the case of MO to MT. This implies that the delay in the network is not negligible nor the paging delay is negligible.

It can be assumed that the delay for IMS call setup is longer than the delay for CS call setup since the INVITE message only can be sent after RAB is established while CS SETUP message can be sent before the RAN is established.
2. Discussion
2.1 Definition of Call setup delay

(1) From pressing the button until receiving the alerting

After a User presses the button, the user expects to hear the alerting to check the called party is busy or not. When the user receives the ring back tone or busy tone, user can wait further of stop the calling. In this sense the delay until receiving the alerting is important user point of view.

To reduce this kind of delay, early alerting mechanism can be used where the ring back tone is sent from terminating MSC directly or MT UE sends alerting before the user plane at the terminating part is established. The issue here is that there can be delay after the originating user listens to the ring back tone until the terminating user receives the ringing tone.
(2) From pressing the button until the end to end user plane is set up

Only the terminating user can receives the ringing tone after the end to end user plane is set up. The originating user can receives the ring back tone when the terminating user is receiving the ringing tone or as described above, before the terminating user is receiving the ringing tone.
It is important that the difference between these two kinds of delay should be small. If the difference is long because of the delay for terminating part user plane set up then the users may have different understanding that the originating user believes it waits for long time before hanging up the call while the terminating user just could receive few ringing tones.

Therefore in this contribution, the call setup delay is defined until end to end user plane is setup and only after the end to end user plane is set up, the alerting is sent to the originating user.

2.2 Analysis of the CS Call setup delay
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Figure 1. CS call setup delay 

(1) RRC Connection Setup: 600ms
The first delay component is the RRC connection setup delay which is approximated 600ms or more. The delay includes Iub user plane setup and physical channel synchronization delay for DPCH. Currently RAN WG2 is studying the possible solution to reduce this delay component using default/stored configuration to reduce the size of the message.

(2) Initial Direct Transfer/Security Mode Command/Direct transfer: 700ms

After RRC connection is setup, initial direct transfer can be sent with some delay. Initial direct transfer (Initial UE RANAP message) triggers the Iu signalling connection. The security Mode command procedure is used for key algorithm negotiation and transfer the keys to RNC. After the Security mode command procedure is completed, the direct transfer message can be sent carrying CC SETUP message with integrity protection.

Since this delay component is related to Core Network protocol, currently RAN2 does not study optimization or modification of this flow. Since there can be some possibilities to merging the different procedures (e.g., Security Mode Complete with Direct transfer), this kind of aspect should be studied by SA2 with help of RAN2.
(3) SS7 ISUP: IAM : 1200ms

Since the delay of this component is dependent of network implementation and also the location of the UEs, the approximation of this delay may be different figure. For the GSM system, the delay optimization such as early alerting and forward bearer setup mechanism has been introduced and this optimization can also be used for UMTS system. However further optimization to reduce the delay can be studied by SA2.
(4) Paging and RRC Connection Setup: 1500ms

Even though RRC connection delay can be estimated as 600ms, the paging delay can not be estimated since the delay is highly dependent of the DRX cycle of the UE and the paging algorithm. The way to reduce the paging delay can be studied to reduce the call setup time delay by SA2 with help of RAN3.

(5) Initial Direct transfer/Security Mode Command/Direct transfer: 700ms
As the delay component (2) of the originating UE, this delay component can be optimized using merging the different procedures. Possible approach is that merging RRC connection complete message with Initial Direct transfer message and merging Security Mode Command message with Direct transfer message. It should be noted that since the Direct transfer message has been integrity protected, the solution should provide the way how the merging message can be integrity protected. This kind of aspect can be studied by SA2 with help of RAN2.

(6) RAB Assignment/RL Reconfiguration/RB Setup/Iu FP Initialization : 600ms

Since this step includes the synchronized RL/RB reconfiguration procedure, depending on the activation time margin the total delay can be longer such as 1.5s. Some proposal as in [4] introduced the solution RB setup for this step can be done during RRC connection setup. With this solution, the delay can be reduced significantly. However the RB established at the RRC connection setup can not have RAB ID since the RAB ID is given at RAB assignment procedure. Since the delay of this component is significant depending on the implementation, the solution as in [4] should be carefully considered and this kind of aspect can be studied by SA2 with help of RAN2.
(7) Alerting: 200ms

After end to end user plane is established, the terminating UE can send the Alerting message which is transferred to the originating UE. In order to reduce the delay until the originating UE receives the alerting, the alerting can be sent from the terminating part in early step. However as described in the section 2.1, the call setup delay should consider the end to end user plane establishment.

2.3 Analysis of the IMS Call setup delay
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Figure 2. IMS call setup delay 

(1) RRC Connection Setup/Initial Direct Transfer/Security Mode Command: 1100ms
As described in section 2.2, this delay component can be optimized by merging procedures. The optimization for this procedures can apply for both the CS call setup and the IMS call setup.

(2) RAB Assignment/RL Reconfiguration/RB Setup/Iu FP Initialization : 600ms

As described above, depending on the activation time margin for the synchronized reconfiguration of RL and RB the total delay can be longer such as 1.5s. Since the INVITE message should be transferred over the user plane, only after the RAB Assignment procedure is completed, INVITE message can be sent which is different from the CS call setup. In the CS call setup the SETUP message could be carried over Direct transfer message which uses the control plane. This provide the additional delay to IMS call setup compared with CS call setup.
Proposed solution as in [4] can be used to reduce the delay from the RAB Assignment. Alternative solution has been proposed at CT1 meeting in [7], where the INVITE message is transmitted over control plane as SETUP message in CS call setup.

This kind of aspect should be studied by SA2 with help of RAN2 and CT1.
(3) INVITE: 1200ms

Since the delay of this component is dependent of network implementation and also the location of the UEs, the approximation of this delay may be different figure. 

(4) Paging/RRC Connection Setup/Initial Direct Transfer/Security Mode Command: 2200ms

As described in section 2.2, this delay component can be optimized by merging procedures. The optimization for this procedures can apply for both the CS call setup and the IMS call setup.

(5) RAB Assignment/RL Reconfiguration/RB Setup/Iu FP Initialization : 600ms

As step (2) in the above, to transmit the INVITE message to UE, the RAB should be assigned. Since this RAB is only for the SIP signalling message not for the user traffic, some default value can be used and the RB can be setup during the RRC connection setup as proposed in [4].

This kind of aspect should be studied by SA2 with help of RAN2.

(6) SIP signalling: 500ms

End to end SIP signalling such as INVITE, Session progress and PRACK can be transmitted over the end to end user plane to negotiate the session parameters.

(7) Secondary PDP context activation/RAB Assignment/RL Reconfiguration/RB Setup/Iu FP Initialization: 800ms

After the end to end session parameter negotiation is done the secondary PDP context can be activated and corresponding RAB should be established. For the case of PoC, to reduce the call setup delay, a solution has been adopted where the secondary PDP context is established after the end to end session is started where the end to end session can use the primary PDP context temporally. This kind of solution may not be used for a general IMS session with different QoS parameters. Further study to optimize this kind of delay should be done by SA2.
(7) Alerting: 200ms

After end to end user plane is established, the terminating UE can send the Ringing is transferred to the originating UE. In order to reduce the delay until the originating UE receives the alerting, the alerting can be sent from the terminating part in early step. However as described in the section 2.1, the call setup delay should consider the end to end user plane establishment.

3. Conculsion and Proposal
In this document, CS call setup delay and IMS call setup delay were analyzed. Even though currently, RAN WG2 is studying the solution for reducing call setup delay, overall optimization including Core Network aspect should be studied by SA2 in parallel. Since RAN WG2 does not consider the IMS call setup delay, the aspect of IMS call setup delay reduction should be studied by SA2.
As described in the section 2.3, the difference between CS call setup and IMS call setup should be noted and the additional delay for IMS call setup (e.g, 2000ms) should be minimized. Some available proposal in [4] and [7] should be carefully studied in SA2.
The optimization for the call setup delay based on the current architecture can be handled separately from the LTE/SAE where a new architecture can be assumed. However some solutions can be applied for both existing architecture and also a new architecture.

It is proposed to study for the call setup delay reduction for both CS call and IMS call in SA2 in parallel with RAN work item and if needed a new SA2 work item should be generated.
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