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1. Introduction

The evolved HSPA architecture that is introduced in section 9.1.1.3 in [1] has all the RNC functionality in the evolved HSPA NodeB. It enables a truly flat HSPA architecture without RNC as a separate network element for PS. 

This document shows that it possible to integrate PS only network architecture for the current centralized RNC based network and offer CS services seamlessly. Compatible solutions supporting CS calls on the same cells as eHSPA traffic are for further study and are not covered within this document.
The document shows CS service enabling HO, where CS Service users are moved to CS capable network, while they are actively using CS services. This enables that users will be automatically moved to the correct carrier, based on services used and terminal capabilities. This aims to provide the user with a seamless CS service experience independently of the carrier serving the user, and the camping policy of the operator.

In addition an example is provided showing how the user can be redirected from the CS supporting network to the PS only network. The use of such a procedure allows the operator to camp users on the CS network thereby avoiding the small additional call set up delay arising from using the proposed CS service enabling handovers from a PS only network.

2. Evolved HSPA architecture for PS only carrier
All the evolved HSPA architecture need to enable also CS services. PS and CS service can be optimized using different alternatives. The document shows how mobile originated and mobile terminated services are enabled.

The following solution has a few basic requirements:
1. CS + PS terminal must be able to use CS and PS service seamlessly

2.  PS only RNC functionality needs to notice that terminal is trying to use CS service and re-direct user to CS capable network
3. Uu interface should not be changed and CN interface specifications should be compatible with current CN specification
3. IuCS signalling available – no changes to the specifications

PS only RAN can offer IuCS signalling towards MSC/VLR.  This enables fast and reliable HO to CS enabled RAN. The CS service enabling HO is implemented running Serving RNC relocation and call set up parallel, therefore the delay for call set up is minimal.
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Figure 1. IuCS and CS service enabling HO

RNC functionality notices from Initial Direct transfer that UE is starting CS calls. Initial Direct Transfer triggers opening of SCCP connection (Connection Request) towards MSC. This SCCP CR message contains "Initial_UE" RANAP message (L3 message is inside Initial_UE message). MSC acknowledges SCCP connection by sending the Connection Confirmation SCCP message. In MSC point of view Relocation can be started right after the CC. The call setup signalling proceeds parallel with the Relocation signalling (NOTE: whole L3 message sequence is not shown in the Figure 1 for readability reasons, e.g. AUTHENTICATION messages are not shown). During the relocation preparation phase, MSC can exchange the call setup messages with UE in parallel or buffer the call setup messages. So before Relocation command call setup communication to UE goes through source RNC and after Relocation complete through target RNC. 
Mobile terminated calls can be handled in similar way: Serving RNC relocation procedure can be started at the same time (after Connection Confirmation message).
4. No IuCS connection from PS only RAN

4.1 Solution without changes to the specifications

4.1.1 Mobile originated call

Terminal without RRC connection

Release 6 RRC Connection Request from UE has mandatory “Domain Indicator”, which can be used to identify that UE is going to use CS services. 

· If “Domain indicator” is set to  “CS Domain” , then evolved PS only RAN sends RRC Connection Reject with cause as “congestion” and include IE "Redirection info" containing the “Frequency info” (UARFCN) if WCDMA cell is chosen to be the target cell by handover control in the evolved PS only RAN. If GSM cell is chosen by handover control as the target cell, then send “Inter-RAT info” for the GSM cell.
Before Rel 6, RRC CONNECTION REQUEST did not include explicit information about the used domain (CS or PS). The "Establishment cause" can not be used in reliable way due "Conversational call" can be used both for PS and CS calls.
· For Release 99, 4 and 5 UEs, Initial Direct Transfer PDU includes information about the domain of requested connection. In case UE requests CS service it can be moved to target WCDMA cell by solution presented on Figure 1. 
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Figure 2. CS service enabling HO for Release 99,4 and 5 UEs, no changes to RNC

The above figure enables to move terminal to RNC, but for Release 5, 4 or 99 UEs RRC Initial Direct Transfer PDU for CS service is lost and this causes delays to CS service enabling HO. This solution is reliable when identifying whether or not CS service was requested by Release 5, 4 and 99 UE as it uses domain indicator in Initial Direct Transfer PDU to identify that CS service is requested as compared to solution based on RRC Connection Setup. The solution enables to implement CS service enabling HO without impact to RNC implementation.

The above solution causes additional delay for CS voice call setup. Delays are caused by need to execute Cell Update procedure and repeat new RRC Connection Setup. The second problem with this solution is that Initial Direct Transfer PDU with NAS message for initiating CS service connection setup is lost and it is expected to be re-transmitted by NAS protocol layers, which will cause additional delays.
Terminals with existing RRC connection and PS connection

· If UE has active PS connection then RRC Initial Direct Transfer PDU for CS domain can be used as trigger to execute UE involved SRNS Relocation to relocate UE to target RNC WCDMA cell for provision of requested CS service. Signalling for this case is presented on Figure 2 below.
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Figure 3. CS service enabling HO for UEs with active PS connection, no changes to the RNC
The above figure enables to relocate UE with active PS connection to RNC for provision of CS service.

The above solution causes moderate delay for CS call setup. Delays are caused by loss of Initial Direct Transfer PDU with NAS message for initiating CS service connection setup. UE will be expected to re-transmit NAS PDU in new cell, which will cause additional delays to CS call setup.

4.1.2 Mobile terminated CS service
In the beginning of mobile terminated CS service, CS core sends paging to UE. UE should then be moved to a CS capable network. 
Paging: 

CS + PS attached UE

· UE registered CS+ PS (HSPA) at the same time. This allows using Gs interface between CS core and the SGSN and change to the network operation mode I (NMO-1). In NMO-1 the UE performs Combined RA / LA update and SGSN updates the location to the HLR. 

· This will lead to the situation, where SGSN can inform VLR/MSC over Gs interface that user is attached and can be paged via it. VLR can initiate the paging using paging type CS.

PS only attached UE:

· PS users can be paged normally
After the UE receives paging it can be moved to CS enabled network as in Mobile originated call

4.2 Optimized Solution with RRC container forwarding
Optimized CS service enabling HO 

As described in the previous chapter, with the present specifications for signalling, CS service enabling HO causes additional delay, due in many situations CS call initiating NAS PDU will be lost and UE will need to retransmit it. 
To provide fast and reliable CS service enabling handover, CS service initiating NAS PDU should be preserved in evolved PS only RAN and transferred to CS service capable RNC in PS+CS network, which can then proceed with CS call setup while UE is being relocated from PS only RNC to CS+PS RNC.  Also CS network RNC functionality should be extended to allow it to process CS service setup request in this situation as if it would receive it from UE. 
Figure 4 presents the signalling for proposed solution of optimized CS service enabling HO.

This solution requires small extensions for existing RRC transparent container defined in TS 25.331, which are exchanged between RNCs in respect to SRNS relocation, but this is done transparently to Iu and no impact to Uu interface. The SGSN functionality is not impacted but only RNC functionality needs to be extended. 

To enable implementation of this HO scenario, “SRNS RELOCATION INFO” IE specified in [1], chapter 14.12.4.2 should be extended with additional IEs to carry NAS PDU and the rest needed parameters from Initial Direct Transfer which are necessary for CS connection setup in target CS+PS RNC. Such change is transparent to Iu and no impact to Uu interface.

When Initial Direct Transfer with CS domain indicator is received in PS only RNC (step 10 on Figure 4), then NAS PDU and the rest of the important parameters from Initial Direct Transfer needed for CS connection setup are put as part of “SRNS RELOCATION INFO” (step 20 on  Figure 4).,This message is then transferred from source RNC to target RNC as RRC transparent container IE, which is part of RANAP SRNS Relocation procedure (step 30 and 40 on  Figure 4). For this, “SRNS RELOCATION INFO” IE of RRC protocol is extended with necessary IEs, which carry all the needed IEs from Initial Direct Transfer PDU requesting CS service, such as NAS PDU, UE identity, LAI, SAI and any other needed IE. If there is ongoing PS connection it should also be relocated accordingly. 
When target RNC in CS+PS network receives SRNS RELOCATION INFO from source RNC as part of RRC container of RANAP relocation PDUs (step 50 on Figure 4), and when it contains CS service request related IEs (steps 51 and 52 on Figure 4), target CS+PS RNC should proceed with CS call setup as if it would receive Initial Direct Transfer PDU from Uu interface. 

Target CS+PS RNC should allocate all needed radio resources for CS service (step 50) and initiate Iu-CS interface connection setup (step 51 on  Figure 4). After that the target CS+PS RNC should compose Initial Direct Transfer PDU from IEs which it receives as part of SRNS RELOCATION INFO container and from information available locally and forward this Initial Direct Transfer PDU to MSC (step 52 on Figure 4). Target CS+PS RNC should also proceed with the rest of the SRNS Relocation procedure (steps 60, 70, 80 on Figure 4). Note also that relocation messages on steps 60, 70 and 80 should include CS service related radio configuration parameters allocated on step 50. Steps 60, 70 and 80 can be executed in parallel with steps 51 and 52.   
If target PS+CS RNC will receive any Direct Transfer PDUs from MSC, it should buffer those until SRNS Relocation is over (step 53 on Figure 4). When UE confirms completion of SRNS relocation (step 90 and 100 on Figure 4), the new serving RNC should forward to UE all the buffered (if any) Direct Transfer messages it received from Iu-CS interface (step 110 on Figure 4). 

After SRNS Relocation is completed CS+PS RNC should proceed with CS call setup and CS call as normal.

It should be noted that the proposed implementation as optimization will work efficiently and fast for both UEs: those, which already have RRC connection (with or without active PS data connection) and those which do not have any RRC connection to PS only RNC. Figure 4 depicts full scenario when UE has already RRC connection setup and active PS connection when it makes CS call setup request. 

In case Relocation requires IuPS signalling connection, there exists at least two easy ways to enable fast HO:

1) In this case IuPS signalling connection can be setup by constructing RANAP Initial UE Message PDU internally in PS-only RNC to trigger IuPS connection setup. This Initial UE Message can contain either empty NAS PDU, Service Request PDU with service type set to “signalling” or for example GMM/SM Status PDU. Other types of NAS PDUs can also be used depending on implementation of SGSN. 

2) Some SGSNs might not be able to start SRNS relocation for UEs, which doesn’t have IuPS and do not have active PS connection. In this case it may be also worth to consider adding extra cause to RANAP Relocation Required PDU (for example “cs-service redirection” and to allow SGSN to process Relocation Required with “cs-service redirection” cause even if no prior IuPS connection exists for relocating UE.  

The solution is similar for both mobile originating and mobile terminating CS call requests. In case of mobile terminating CS calls the signalling depicted on Figure 4 will happen in response to Paging request.  

It should also be noted here that present error situation handling mechanism of 3GPP for SRNS relocation can be extended in similar manner to handle all needed error situations for presented above solution of CS service enabling handover. 
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Figure 4. Optimized and fast CS service enabling handover.

The described solution is valid for Mobile originating and terminating calls.
5. Example: redirection from CS network to PS only network
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 Figure 5. Example flow when UE is under CS capable RNC.

As performance without IuCS is expected to be degraded especially for call setups from idle, it may be sensible to utilise cell re-selection parameter settings to place most users on the CS supporting carrier thereby preventing UEs from establishing CS calls from idle directly on the  PS only network. This chapter shows example how to move a UE camped on the CS network to the PS only network using a RRC CONNECTION RELEASE incorporating a re-direction, Note: the chapter shows one example and there can be also other strategies how UE is moved between carriers based on the operator need. The same basic procedure can also be applied from PS to CS network.
The CS + PS network shall be able to move UE to PS only network. CS+ PS RNC functionality shall be able to direct the user to PS only network, when only PS services are used. 
The above figure 5 shows the basic idea how the CS+ PS RNC functionality should decide, if the UE is moved to PS only network. The figure shows an example how CS+PS RNC functionality can decide the preferred network. The moving can be done using current specifications.
For the IDLE terminals, the example shows four step procedure:

1. Release 6 RRC Connection Request from UE has mandatory “Domain Indicator”, which can be used to identify that UE is going to use PS services. 

2. For all the terminals (Rel. 99 and up) RRC Connection Request includes information about the reason for the connection resp. Establishment Cause.
3. Operator can decide, if PS only network would also be preferred for Rel. 99 downlink traffic.
4. Finally if PS connection was not identified in steps 1 to 3, Initial Direct Transfer PDU includes “Domain Indicator” also for Rel. 99 and up.
For RRC connected UEs, the decision about the movement are done based on the Service Request information. 

6. Conclusion and Proposal

It is possible to implement PS only network using current specifications and enable CS services via HO to CS network.
1) IuCS signalling between PS only RAN and MSC allows implementing fast and efficient HO procedures without any changes to the specifications.
2) Optimized solution without IuCS signalling between PS only RAN and MSC requires small extensions for existing RRC transparent container defined in TS25.331, which are exchanged between RNCs in respect to SRNS relocation, but this is done transparently to Iu and no impact to Uu interface. Therefore CN or terminal functionality is not impacted, but only RNC functionality needs to be extended. The chapter 4 shows that it is possible to implement a solution even without IuCS signalling between PS only RAN and MSC. However Gs interface is required to be supported in this case.
The current specifications also support that UE can be directed to PS only network, when needed (see chapter 5).
It is proposed to conclude that stand-alone evolved PS only RAN can relocate/re-direct CS service request smoothly to CS or CS/PS capable RNC and to remove the FFS;s in 9.1.1.3.4 CS Service in stand-alone scenario in TR 25.999. It is also proposed to include the signalling flow in Chapter 3 in the TR 25.999. CS + PS RNC functionality can also move PS users UEs to the preferred network using current specifications. It is also proposed to include stand-alone scenario in Rel7 with the described solution: “IuCS signalling Between PS only RAN and MSC”.
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