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1.
Introduction

In Denver, early transmission of IDT was discussed and captured in TR25.815 [1]. This document proposes additional decription of handling of the early IDT message to TR25.815.
2.
Early Transmission of Initial Direct Transfer
2.1
Early Transmission of Initial Direct Transfer
One of the most critical parts in call setup is the time between UE call initiation and UE signaling connection establishment. RRC connection between UE and RNC is established by RRC connection procedure and a signaling connection between MSC (SGSN) and UE is established when NAS message is sent over INITIAL DIRECT TRANSFER to MSC (SGSN) via RNC. Currently IDT is sent to MSC (SGSN) only when RRC connection is established. i.e, signaling connection establishment procedure is subsequent to RRC connection, not concurrent. We think that if the UE is allowed to transmit two consecutive RRC messages over RACH, we could reduce call setup time. That means if RRC connection request and IDT transfer concurrently occur, we could decrease initial call setup time. 

The figure 1 below shows the successful case of the proposed initial call setup procedure with early transmission of IDT. In this figure, RRC connection is requested before IDT transfer as usual. But, IDT is transferred on CCCH immediately after the RRC Connection Request message is sent from UE. By this early IDT on CCCH, NAS procedures will be initiated ealier than before. A subsequent NAS message, e.g. Authentication Request, could be sent to the UE right after the RRC connection setup complete. Thus, we could reduce call setup time.
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Figure 1. The proposed initial call setup procedure: Successful
In most configurations the RRC Connection Setup message contains information in order to indicate to the UE a CELL_DCH configuration. Hence the delay between the transmission of the RRC Connection Request message and the transmission of the RRC Connection Setup message is quite large due to the need of the allocation of the resources between the RNC and the NodeB.
Because in step 2 in figure 1 there is no DCCH available today the only new aspect compared to today’s behaviour would be that the Initial Direct Transfer would be able to be mapped to CCCH as well. In order to allow the RNC to link the Initial direct transfer message to the RRC Connection Request message it is necessary to include the same initial UE identity in the new CCCH message as in the RRC Connection Request message.
2.2
Routing NAS message in Early IDT to CN
If the early IDT arrived before the RRC CONNECTION REQUEST, the UTRAN may be able to buffer the early IDT before arrival of the RRC CONNECTION REQUEST. But, the UTRAN does not know when it finally receives the RRC CONNECTION REQUEST after the early IDT. If the RRC CONNECTION REQUEST doesn’t ever arrive at the RNC, the RNC needs not to route the early IDT to CN.
In addition, when the UTRAN receive the RRC CONNECTION REQUEST after the early IDT, if the UTRAN reject the RRC connection request, the UTRAN needs not to route the early IDT to CN, either. Thus, in this case routing the early IDT to CN comes to an unnecessary action as well. 
Thus, it is recommended that the UTRAN waits until being ready to send the RRC CONNECTION SETUP message before routing the early IDT to CN.
2.3 
Unsuccessful Early Transmission of IDT
The confirmation in the RRC Connection Setup message is also used to handle unsuccessful transmission of this early IDT on CCCH and to transmit the normal IDT on DCCH as shown in figure 2. In this figure, UTRAN does not receive the IDT on CCCH before sending RRC CONNECTION SETUP. In this case, UTRAN indicates to the UE that the IDT on CCCH was not correctly received so that the the UE sends the conventional IDT on DCCH after the RRC CONNECTION SETUP COMPLETE message. 
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Figure 2. The proposed initial call setup procedure: Unsuccessful
The UE shall not transmit an early IDT after reception of the RRC CONNETION SETUP message. Thus, if UTRAN does not receive the early IDT on CCCH before sending RRC CONNECTION SETUP, the UTRAN indicates by using the RRC CONNECTION SETUP that the early IDT is not confirmed.
In this procedure, since the early IDT failed, call setup delay cannot be reduced by the early IDT. However, there is no additional delay occurred by transmission of the early IDT as well because the early IDT is not transmitted after reception of the RRC CONNETION SETUP message.

2.4
Transmission of Early IDT after Unsuccessful Transmission of RRC CONNECTION REQUEST

2.4.1
In case of timer expiry
If RRC CONNECTION REQUEST is unsuccessfully transmitted and Early IDT is successfully transmitted, the UE will send RRC CONNECTION REQUEST again after T300 expiry. In this case, it is proposed that the UE shall send RRC CONNECTION REQUEST and the early IDT again regardless of successful transfer of the previous early IDT. Thus, UTRAN should ignore the early IDT received before successfully receiving RRC CONNECTION REQUEST. 
Furthermore, if both RRC CONNECTION REQUEST and early IDT are unsuccessfully transmitted, the UE shall send RRC CONNECTION REQUEST and the early IDT again after T300 expiry.
Thus, it is proposed whenever a UE sends an RRC CONNECTION REQUEST message, the UE sends an early IDT immediately after sending the RRC CONNECTION REQUEST message.
2.4.1
In case of cell re-selection
If UE preforms cell re-selection after sending RRC CONNECTION REQUEST, UE is required to send the RRC CONNECTION REQUEST again. This UE operation is also applied to the case that the UE preforms cell re-selection after successfully sending RRC CONNECTION REQUEST and the subsequent early IDT. 
That means that if the UE preforms cell re-selection after sending RRC CONNECTION REQUEST and the subsequent early IDT, the UE shall send RRC CONNECTION REQUEST and the early IDT again because UE cannot know whether both messages are successfully transmitted or not.
2.5
Handling of Duplicated Early IDT messages

2.5.1
In case of cell-reselection or timer expiry
If the IDT is early transmitted before completion of the RRC connection establishment, whenever an RRC CONNECTION REQUEST message is transmitted due to cell re-selection or timer expiry i.e. the MAC layer indicates successful transmission of an RRC CONNECTION REQUEST message, an early IDT will be transmitted again. In this case, CN may receive duplicated NAS messages e.g. SERIVCE REQUEST message.

However, as sugguested above, if the UTRAN waits until being ready to send the RRC CONNECTION SETUP message before routing the early IDT to CN, duplication of similar Early IDT messages cannot happen before sending the RRC CONNECTION SETUP.

2.5.2
In case of physical failures and invalid messages

After the RRC CONNECTION SETUP message is transmitted, a UE could find out a RL failure of the RRC connection. Also, a UE could receive an invalid RRC CONNECTION SETUP or RRC CONNECTION REJECT message. In this case, the UE will re-try to request a RRC connetion. Thus, an early IDT message will be transmitted again and so the NAS message in the early IDT may be routed to the CN. The CN may be able to found out duplication of the NAS message.

From our perspective, each time a RRC CONNECTION SETUP message is sent as a response to a RRC CONNECTION REQUEST message, a new RRC connection is supposed to be created. If an early IDT is forwarded to the Iu interface and an Iu connection is established, then the Iu connection and the RRC connection are related. In this case, when the RRC connection is released due to a RL failure, the related Iu connection is released also by the RNC. 

Therefore, if a new early IDT message is transmitted again due to a physical failure, it is recommended that CN/UTRAN release the previous Iu/RRC connection and then are going to re-establish the Iu/RRC connection according to the new early IDT message transmitted again.

In addition, when the UE will re-try to request a RRC connetion due to reception of an invalid RRC CONNECTION SETUP or RRC CONNECTION REJECT message, an early IDT message will be re-transmitted. However, there is no duplicatin of early IDT message because the Iu connection and the RRC connection are related. That means the network will release an old connection and establish a new connection with a new RRC CONNECTION REQUEST and a subsequent early IDT message. Accordingly, there is no problem.

2.6 
Rejection of RRC Connection Request
The UTRAN can reject the RRC Connection Request from the UE. In this case, the UTRAN does not to route the early IDT to CN. Thus, there is no signalling problem.

It is noted that if the UE re-sends an RRC CONNECTION REQUEST message after rejection, then the UE will re-transmit an early IDT.
2.7
Handling of Early IDT in legacy RNC
From a backwards compatibility point of view, the use of the new initial direct transfer message on CCCH on RACH is ignored by any legacy RNC and the conventional Initial Direct transfer message is sent after the transmission of the RRC CONNECTION SETUP COMPLETE message. 
The transmission of the conventional Initial direct transfer message will be suppressed by a corresponding indication from the RNC in the RRC Connection Setup message that confirms the correct reception of the Early Initial direct transfer message on the CCCH. 
2.8
CS Call Establishment in CELL_PCH and URA_PCH

The early initial direct transfer can be transmitted on CCCH on RACH as well when a CS call establishment is initiated in CELL_PCH or URA_PCH state. In that case Step 1 in figure 1 would contain the Cell Update message, step 3 would contain the Cell Update Confirm message, and step 4 one of the the Radio Bearer Control complete messages. 
Instead of using the initial UE identity the U-RNTI will then be used in order to link the Initial direct transfer message sent on the CCCH to the Cell Update message.
3.
Structure of the Early IDT message on CCCH

There are some variations of the size of the new Early IDT message depending on which IEs are included in the new IDT on CCCH. If all of optional IEs of the conventional IDT on DCCH are included in the new IDT message on CCCH, the message length could be too large to be transmitted on one RACH message. Since this new IDT is transmitted very earlier than before, some of IEs included in the existing IDT on DCCH could be omitted. We think that the following IEs do not need to be included in new IDT on CCCH any more:
(1) IE ‘integrity check info’, ‘START’ & ‘Establishment Cause’: They do not need to be included in the proposed early IDT message. It is noted that IE ‘START’ is included in RRC CONNECTION SETUP COMPLETE message or the Cell Update message and IE ‘Establishment Cause’ is included in RRC CONNECTION REQUEST message and the Cell Update message.
(2) IE ‘Measured results on RACH’: It does not need to be included in the proposed early IDT message because RRC CONNECTION REQUEST message also includes this IE and the early IDT on CCCH is immediately following RRC CONNECTION REQUEST message or the Cell Update message.
In addition, in order to allow the RNC to link the Early IDT message to the RRC Connection Request message it is necessary to include the same initial UE identity in the Early IDT as in the RRC Connection Request message. It is because the new IDT is transmitted on CCCH, not DCCH. To include the initial UE identity in the Early IDT, there are two options as follow:

Option A: Additional RRC IE ‘initial UE identity’:
In this case, the UE RRC includes an additional IE ‘initial UE identity’ in the new IDT message. Thus, RNC identifies the UE sending new IDT on CCCH by checking the RRC IE ‘initial UE identity’ included in RRC IDT message.


Option B: Use of NAS IE ‘mobilty identity’
RNC could identify the UE sending a new Early IDT on CCCH by checking NAS IE ‘mobilty identity’ of CM SERVICE REQEUST included in the new Early IDT. Thus, the new early IDT does not need to include the additional IE ‘initial UE identity’ in the new IDT message. However, in this case RNC needs to decode the CN message. It should be also assumed that IE ‘Initial UE identity’ in RRC CONNECTION REQUEST is always similar to IE ‘mobilty identity’ in the new IDT on CCCH.
We think that some of IEs existing in the current IDT on DCCH are not so necessary in the new IDT on CCCH. Thus, removing (1) and (2) listed above seems to be good for the new IDT message. And if the assumptions of the option B is agreeable, the new IDT message can be further optimized. It is noted that in case of the option A, a new larger TB size on RACH than 240 bits needs to be defined.
The new Early IDT based on the sugguestion above is shown below. 
10.2.x
EARLY INITIAL DIRECT TRANSFER

This message is used to initiate a signalling connection immediately after the RRC CONNECTION SETUP message or the CELL_UPDATE message based on indication from the upper layers.


RLC-SAP: TM


Logical channel: CCCH

Direction: UE -> UTRAN

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	Message Type
	MP
	
	Message Type
	
	REL-7

	UE information elements
	
	
	
	
	

	CHOICE UE identity
	MP
	
	
	
	

	>Initial UE identity
	
	
	Initial UE identity 10.3.3.15
	This IE is indentical with IE ‘initial UE identity’ in the RRC CONNECTION REQUEST message transmitted right before this message.
	REL-7

	>U-RNTI
	
	
	U-RNTI 10.3.3.47
	This IE is indentical with IE ‘U-RNTI’ in the CELL UPDATE message transmitted right before this message.
	REL-7

	PLMN identity
	OP
	
	PLMN identity 10.3.1.11
	This IE indicates the PLMN to which the UE requests the signalling connection to be established.
	REL-7

	CN information elements
	
	
	
	
	

	CN domain identity
	MP
	
	CN domain identity 10.3.1.1
	
	REL-7

	Intra Domain NAS Node Selector
	MP
	
	Intra Domain NAS Node Selector 10.3.1.6
	
	REL-7

	NAS message
	MP
	
	NAS message 10.3.1.8
	
	REL-7

	MBMS joined information
	OP
	
	
	
	REL-7

	>P-TMSI
	OP
	
	P-TMSI (GSM-MAP) 10.3.1.13
	
	REL-7


4.
Analysis of Improved Call Setup Delay

According to Tables in [1], cumulative delay of the current CS Voice call setup from SIB reading to reception of response of CM SERVICE REQUEST seems to be 810 ms for CELL_DCH UE and 470 ms for CELL_FACH UE. In [1], delay between transmission of RRC CONNECTION REQUEST and reception of RRC CONNECTION SETUP takes 200 ms for CELL_DCH UE and 60 ms for CELL_FACH UE. Since T300 timer is set to 4 sec in 34.108, after sending RRC CONNECTION REQUEST, in the worst case UE may have to wait for max. 4 sec until receiving RRC CONNECTION SETUP. 
Since transmission of RRC CONNECTION REQUEST on RACH takes 40 ms in Table 1, it is assumed that transmission of the proposed Early IDT on RACH also takes about 40 ms. If it’s true, in the normal case UE can successfully transmit the Early IDT in the gap between sending RRC CONNECTION REQUEST and receiving RRC CONNECTION SETUP.
It is noted that if the UE successfully received RRC CONNECTION SETUP before sending the Early IDT on RACH, the UE will immediately abort RACH transmission of the Early IDT and starts transmission of RRC CONNECTION SETUP COMPLETE on DCCH. In this case, since UE failed to transmit the Early IDT on CCCH, the UE will start transmission of the normal IDT on DCCH as usual after RRC CONNECTION SETUP COMPLETE.

If UE transmitted the Early IDT including CM SERVICE REQUEST and the network successfully received it on CCCH, then CN will send a first NAS message to the UE. According to Table 3/4, delay between transmission of CM SERVICE REQUEST and reception of the first NAS message from CN would take 200 ms. If the Early IDT is applied, the interval between transmission of CM SERVICE REQUEST and reception of the first NAS message from CN will be overlapped in time with the interval between transmission of RRC CONNECTION REQUEST and reception of RRC CONNECTION SETUP. Thus, the Early IDT can save about 200 ms according to Tables below. 
It is noted that if the UTRAN earlier receives the first NAS message from CN, e.g. Security mode command or Authentication Request, than receiving RRC CONNECTION SETUP COMPLETE, UTRAN could delay transferring the first NAS message to UE until successful reception of RRC CONNECTION SETUP COMPLETE.
Table 1: RRC connection establishment in CELL_DCH state [1]
	Message/procedure
	Sender/receiver
	Delay
	Cumulative Delay
	Comments
	Reference time point in Figure 6.1.1-1 

	SIB7 reading time
	NA
	70 ms
	70 ms
	Highly depending on UTRAN SIB7 scheduling 
	t0

	RRC connection request
	UE/RNC 
	40 ms
	110 ms
	
	

	RRC connection setup
	RNC/UE
	200 ms
	310 ms
	Includes network RL setup delays, no predefined/default configuration
	t1

	RRC connection completed
	UE/RNC
	300 ms
	610 ms
	Includes synchronisation delay, reduced in Rel6
	t2

	RRC Connection setup in Total
	
	
	610 ms
	
	T0-t2


Table 2: RRC connection establishment in CELL_FACH state [1]
	Message/procedure
	Sender/receiver
	Delay
	Cumulative Delay
	Comments
	Reference time point in Figure 6.1.1-2 

	SIB7 reading time
	NA
	70 ms
	70 ms
	Highly depending on UTRAN SIB7 scheduling 
	t0

	RRC connection request
	UE/RNC 
	40 ms
	110 ms
	
	

	RRC connection setup
	RNC/UE
	60 ms
	170 ms
	no predefined/default configuration 
	t1

	RRC connection completed
	UE/RNC
	100 ms
	270 ms
	
	t2

	RRC Connection setup in Total
	
	
	270 ms
	
	T0-t2


Table 3: CS Voice call setup, UE in CELL_DCH state in the current scheme (3.4kbps for SRBs) [1]
	Message/procedure
	Sender/receiver
	Delay
	Cumulative Delay
	Comments
	Reference time point in Figure 6.2.1-1 

	CM service request 
	UE/CS CN
	200 ms
	200 ms
	Includes authentication delays
	t2

	Security mode command
	RNC/UE
	100 ms
	300 ms
	
	t3

	Security mode Command Completed
	UE/RNC
	200 ms
	500 ms
	
	t3

	Setup
	UE/CS CN
	150 ms
	650 ms
	
	t4

	Call proceeding
	CS CN/UE 
	100 ms
	750 ms
	
	t7

	Radio bearer setup 
	RNC/UE
	200 ms
	950 ms
	UTRAN resource reservation and, RL reconfiguration delays
	t8

	Radio bearer setup completed
	UE/RNC
	400 ms
	1350 ms
	Synchronous reconfiguration
	t9

	Alerting
	CS CN/UE
	250 ms
	1600 ms
	
	t10

	CS voice Call setup delay 
	
	
	1600 ms
	
	T1-t2

	Total from Idle
	
	
	2210 ms
	
	T1-T0


Table 4: CS Voice call setup, UE in CELL_FACH state in the current scheme [1]
	Message/procedure
	Sender/receiver
	Delay
	Cumulative Delay
	Comments
	Reference time point in Figure 6.2.1-1 

	CM service request 
	UE/CS CN
	200 ms
	200 ms
	Includes authentication delays
	t2

	Security mode command
	RNC/UE
	100 ms
	300 ms
	
	t3

	Security mode Command Completed
	UE/RNC
	200 ms
	500 ms
	
	t3

	Setup
	UE/CS CN
	150 ms
	650 ms
	
	t4

	Call proceeding
	CS CN/UE 
	100 ms
	750 ms
	
	t7

	Radio bearer setup 
	RNC/UE
	200 ms
	950 ms
	UTRAN resource reservation and, RL reconfiguration delays
	t8

	Radio bearer setup completed
	UE/RNC
	300 ms
	1250 ms
	asynchronous reconfiguration
	t9

	Alerting
	CS CN/UE
	250 ms
	1500 ms
	
	t10

	CS voice Call setup delay 
	
	
	1500 ms
	
	T1-t2

	Total from Idle
	
	
	1770 ms
	
	T1-T0


5.
Conclusion

It is proposed that section 2 above is captured in TR 25.815 [1]. In addition, a CR to 25.331 [2] is proposed to be agreed for R7.
Reference
[1] 3GPP TR 25.815: Signalling enhancements for Circuit-Switched (CS) and Packet-Switched (PS) Connections;
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