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This contribution proposes an IMS HNB architecture based on a “Home NodeB Convergence Application Server” (HNB‑CAS) which functions as an Application Server in the IMS network and which provides interworking for voice and supplementary services between a SIP UAC in the HNB, the IMS core network and the legacy CS network.  The initial submission of this architecture illustrates a model in which the HNB is registered with the IMS network and acts as an IMS client on behalf of UEs that it serves, while UE subscription data is maintained in the CS domain HLR.  The architecture is extensible to include scenarios in which the UE is provisioned with subscription data in the IMS HSS for delivery of IMS services.
This architecture fulfils all the requirements in TS 22.220 by placing the IMS / CS interworking functionality within the IMS network.  The key characteristics of this approach include:

· Efficiency:  Provides greatest possible CS traffic offload to the IMS core.  This is consistent with the approved EHNB-IMS Work Item Description in SP-080799 which states in Section 3 (Justification), “The WID intends to provide operator the capability to carry the voice traffic load from HNB in IMS core, and thus offload the existing CS core network.”
· Minimal Disruption:  This approach does not require enhancements to legacy CS core network elements.  Specifically, it does not require potentially complex and disruptive enhancements to legacy MSCs nor does it require new ICS and SSF infrastructure elements.  It can, however, co-exist with these upgrades if and when they are deployed.
· Service Consistency:  All voice, messaging, supplementary, and IN services are identical between the femtocell and macrocell domains, including preservation across handovers.  Because the HNB-CAS acts as both an IMS AS and a VLR towards the CS domain, it performs all UE services for both domains based on a single HLR profile.  Likewise, handover to and from the macro network is supported with well-established inter-MSC procedures.  Providing CS domain services in this manner is consistent with the EHNB-IMS WID which states in Section 5 (Service Aspects), “Users should receive services from IMS when attached to the Home NodeB.”, and completely satisfies the criteria of Section 6 (MMI-Aspects), “The architecture should enable the user to receive a consistent service experience regardless of the access network (e.g., macro cellular or Home NodeB).”
· Iuh-to-IMS Evolution:  This solution is layered on top of the Release 8 Iuh architecture, thereby leveraging the HNB-GW services while enabling a phased evolution towards IMS.  For instance, it is possible that both Iuh HNB and IMS HNB devices may co-exist while the operator rolls out services.
· Home Zone Value-Added Services:  The IMS UA is located in the HNB for value-added home zone services.  Though it is possible to locate the IMS UA in the HNB-GW with the same core network architecture, SIP intelligence in the HNB can enable a variety of home zone services such as IP PBX and ATA/wireless integration.
It is proposed to add the following section to TR23.832.
Beginning of First Change

6.x
Alternative x: Interworking of IMS at HNB and HNB-CAS
6.x.1
Reference Architecture

Figure 6.x.1-1 provides the reference architecture for the IMS HNB subsystem. Thinner connecting lines represent control plane reference points; thicker connecting lines represent user plane reference points.  Changes beyond the Release 8 HNB architecture are highlighted with shading and dotted lines.
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Figure 6.x.1-1: IMS HNB Reference Architecture with HNB-CAS
The reference architecture allows seamless upgrade from the pre-IMS HNB architecture described in TR 23.830 [5].  Since this architecture supports coexistence of both Rel-8 HNBs and HNBs with an IMS UA, the upgrade can be accomplished incrementally with minimal disruption.
6.x.2
Functional Entities

Entities of the architecture not listed below are defined in TS 23.002 [9] and are not affected, including BSS, RNS, CS and PS core network.
6.x.2.1
HNB
The HNB is described in TR 23.830 [5].  An IMS-capable HNB is enhanced with an IMS User Agent (IMS UA), which operates as per the procedures specified in TS 23.228 [11] and TS 24.229 [12].
The IMS UA has the following functions:

· Performs IMS registration on behalf of the HNB.

· Initiates SIP messages to the IMS core to trigger CS core registration on behalf of the UE.

· Encapsulates information from relevant mobile radio interface messages received from the UE (via the Uu/Um reference points), as defined in TS 24.008 [4] and TS 24.010 [18], into headers or content of SIP messages destined for the IMS core / HNB-CAS in support of registration, authentication, basic call, supplemental service and handover procedures implemented by the HNB-CAS.  It parses and processes incoming SIP messages containing radio interface message information received from the IMS core and sends radio interface messages to the UE as required (via the Uu/Um reference points).

Editor’s Note: How the operator’s network is protected against the operation of misbehaving IMS UAs is FFS. ‘Misbehaving’ IMS UAs could have unauthorized modifications to mount certain threats (e.g., UE identity spoofing).
6.x.2.2
HNB-GW

The HNB-GW is described in TR 23.830 [5].  For the IMS-capable HNB, the HNB-GW assumes packet data functions in support of the IMS UA.
6.x.2.3
HNB-CAS
The Home NodeB Convergence Application Server (HNB-CAS) functions as an Application Server in the IMS network and provides interworking for voice and supplementary services between an IMS UA in the HNB, the IMS core network and the legacy CS network.  The HNB-CAS appears as an MSC/VLR to the CS core network and implements the MAP messages necessary to interface to key legacy elements such as the HLR, MSC and SMSC in 3G networks.  The HNB-CAS provides CS domain services to a served UE utilizing the IMS core network infrastructure by emulating most V-MSC functions driven by CS domain subscriber data in the HLR.
The HNB-CAS provides the following key functions:
· Voice convergence: calls are routed to/from the UE connected to the IMS-capable HNB using the mobile number;

· Messaging convergence: messages are routed to/from the UE connected to the IMS-capable HNB using the mobile number;

· Supplementary Services support: Call Barring, Call Hold, Call Forwarding, Message Waiting, etc.;

· Editor’s note: Support for CS services not available from the HNB-CAS, e.g., CS Data and CS Fax is FFS
· Handover between the HNB and a neighbouring macrocell;

· Emergency Services utilizing existing emergency service infrastructure:

· detects the emergency call setup by analyzing the dialled number in the SIP INVITE;

· provides the geographic coordinates for the femtocell (that were previously retrieved and stored – in case no femtocell and or location information is available the HNB-CAS falls back to Cell ID based Emergency Call support);
· interfaces with the GMLC to obtain the ESRD of the appropriate PSAP;
· routes the emergency call to the relevant call center (based on ESRD);

· User and service authentication using SIM/AKA authentication.

6.x.3
Reference Points

Reference points not listed below are defined in TS 23.002 [9] or TS 25.467 [8] and are not affected, including Uu, Um, Iu-CS, Iu-PS, Iuh, D, E and ISC.
6.x.3.1
HGm
This reference point is for SIP signalling between the HNB and the IMS P-CSCF as defined in TS 23.228 [11].  The HGm reference point is based on the IMS Gm reference point defined in TS 23.002 [9] with extensions for HNB.  Whether HGm traffic utilizes the Iu-PS interface through the PS CN is FFS.
6.x.3.2
Mb
This reference point is for RTP bearer traffic between the HNB and the IMS P-CSCF as defined in TS 23.228 [11].  Whether Mb traffic utilizes the Iu-PS interface through the PS CN is FFS.
6.x.4
Information Flows
6.x.4.1
Registration and Authentication
6.x.4.1.1
HNB IMS Registration

In this scenario the IMS UA in the HNB registers with the IMS network.  Following this procedure, the IMS UA is fully registered with IMS and can act on behalf of UEs that attach to the HNB
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Figure 6.x.4.1.1-1: HNB IMS Registration

Preconditions: The IMS HSS is provisioned with the HNB subscription, including authentication data.
1.
Upon power-up, the HNB sends REGISTER to the P‑CSCF.

2.
The P-CSCF sends REGISTER to the I‑CSCF.

3.
The I-CSCF sends Cx: UAR to the HSS to obtain an S-CSCF address.

4.
The HSS replies with Cx: UAA to the I-CSCF indicating an S-CSCF address.

5.
The I-CSCF forwards the REGISTER to the S-CSCF.

6.
The S-CSCF sends Cx: MAR to the HSS to retrieve authentication parameters.

7.
The HSS replies with Cx:MAA to the S-CSCF indicating authentication parameters.

8.
The S-CSCF sends “401 – Unauthorized” to the I-CSCF including the authentication parameters.

9.
The I-CSCF forwards “401 – Unauthorized” to the P-CSCF.

10.
The P-CSCF forwards “401 – Unauthorized” to the HNB.

11.
The HNB calculates a response value using the parameters received in step 10 and sends REGISTER to the P-CSCF including the authentication response.
12.
The P-CSCF forwards REGISTER to the I‑CSCF.

13.
The I-CSCF sends Cx: UAR to the HSS. to obtain an S-CSCF address.

14.
The HSS replies with Cx: UAA to the I-CSCF indicating an S-CSCF address.

15.
The I-CSCF sends REGISTER to the S‑CSCF including the authentication response.
16.
The S-CSCF verifies the HNB credentials and sends Cx: SAR to the HSS to retrieve the user profile including Initial Filter Criteria.
17.
The HSS replies with Cx:SAA to the S-CSCF providing the user profile.

18.
The S-CSCF sends 200 OK to the I-CSCF.
19.
The I-CSCF sends 200 OK to the P-CSCF.

20.
The P-CSCF sends 200 OK to the HNB.

21.
The S-CSCF sends REGISTER (3rd Party) to the HNB-CAS.

22.
The HNB-CAS replies with 200 OK to the S-CSCF.

6.x.4.1.2
UE Registration and Authentication
In this scenario the UE is a standard GSM/UMTS mobile and the HNB acts as an IMS client on behalf of the UE. Figure 6.x.4.1.1-1 illustrates the role of the HNB-CAS in registering the UE in the CS core.
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Figure 6.x.4.1.2-1: UE Registration and Authentication
Preconditions: The HNB has previously connected to the network and completed IMS registration.  A UE attempts a connection with the HNB.
1.
The UE initiates the registration procedure through an MM: LOCATION UPDATING REQUEST.




2.
The HNB sends a LOCATION_UPDATING_REQUEST encapsulated in a SIP MESSAGE.  This is routed to the HNB-CAS via the X-CSCF.  Relevant headers of the SIP MESSAGE received by the HNB-CAS are:
	Header
	Value

	From
	IMSI_UE

	To
	IMSI_UE

	P-Access-Network-Info
	IMSI_AP;Macro 3G Cell ID (optional depending on whether the SIP or IMS network accepts this field)

	Contact
	UE Natted IP


3.
The HNB-CAS responds with 200 OK, which is received by the HNB via the X-CSCF.
4.
The HNB-CAS sends MAP_UPDATE_LOCATION_REQ to the HLR.  This message will contain the UE IMSI, HNB-CAS-MSC-Address and the HNB-CAS-VLR-Number.

5.
The HLR sends MAP_INSERT_SUBSCRIBER_DATA_IND to the HNB-CAS in response, which will include the subscriber profile associated to the UE (e.g., MSISDN, SS settings).

6.
The HNB-CAS returns a MAP_INSERT_SUBSCRIBER_DATA_CNF message to the HLR.

7.
To complete the HLR interaction, the HLR returns a MAP_UPDATE_LOCATION_CNF message.

8.
In the success case, the HNB-CAS sends a LOCATION UPDATING RESPONSE encapsulated in a SIP MESSAGE.  This gets routed to the HNB via the X-CSCF.  The P-Associated-URI will be set to the MSISDN provided by the HLR in tel: format.

9.
The HNB responds with 200 OK.

10.
At anytime, the HNB-CAS initiates an authentication request via SIP MESSAGE.  RAND is passed in this message.  The SIP MESSAGE is received by the HNB via the X-CSCF.

11.
The HNB responds with 200 OK.

12.
The HNB sends an MM: AUTHENTICATION REQUEST to the UE with the RAND value.

13.
The UE computes the SRES and passes it in a response back to the HNB.

14.
The HNB sends an AUTHENTICATION RESPONSE encapsulated in a SIP MESSAGE with the SRES value.  This is routed back to the HNB-CAS via the X-CSCF.

15.
The HNB-CAS responds with 200 OK.

6.x.4.1.3
Deregistration due to Location Updating
In this scenario the UE is deregistered with the HNB-CAS.  This scenario illustrates the awareness of the HNB-CAS and HNB of a handover from an HNB to the CS core (idle or in-call).
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Figure 6.x.4.1.3-1: UE Deregistration on Handover to CS Core

Preconditions: UE performs handover from an HNB to the CS core.

1.
The HNB-CAS receives MAP_CANCEL_LOCATION_IND from the HLR.
2.
In response, the HNB-CAS returns MAP_CANCEL_LOCATION_CNF.

3.
The HNB-CAS sends a SIP MESSAGE and to notify the HNB.

4.
The SIP MESSAGE goes through the CSCF, which forwards the message to the HNB.

5.
The HNB responds with 200 OK.

6.
Upon receiving the 200 OK, the CSCF forwards the 200 OK to the HNB-CAS.





6.x.4.2
Voice Call Processing

The following sections describe voice call processing.  A general requirement for voice call processing is to maintain a count of the number of calls in progress to and from the UE and compare it to the number of bearer channels configured for the subscriber in the HLR to determine whether or not to generate a network busy condition on an incoming call or to allow call waiting.
6.x.4.2.1
Mobile Originated Call – Success Scenario

The scenario illustrates a successful Mobile Originated voice call flow.

[image: image5.emf]UE

HNB

MGCF/MGW

3. SIP: 100 Trying

1. CC: SETUP

8. SIP: PRACK

23. SIP: ACK

HNB-CAS HLR

19. SIP: 200 OK (INVITE)

24. SIP: ACK

15. SIP: PRACK

17. SIP: 200 OK (PRACK)

2. SIP: INVITE (SDP_1)

4. SIP: INVITE (SDP_1)

5. SIP: 100 Trying

6. SIP: 183 Session Progress (SDP_2)

7. 183 SESSION PROGRESS( SDP_2 )

8. CC: Call Proceeding

9. SIP: PRACK

10. SIP: 200 OK (PRACK)

11. SIP: 200 OK (PRACK)

12. SIP: 180 Ringing

13. SIP: 180 Ringing

14. CC: Alerting

16. SIP: PRACK

18. SIP: 200 OK (PRACK)

20. SIP: 200 OK (INVITE)

21. CC: Connect

22: CC: Connect ACK

Early media re-established with other endpoint

Voice call established


Figure 6.x.4.2.1-1: Mobile Originated Voice Call

Preconditions: UE is fully registered through an HNB.

Note: the X-CSCF has been removed to simplify the diagram.

1.
The UE initiates a voice call.
2.
The HNB sends a SIP INVITE to the HNB-CAS.  Relevant headers are as follows:

	Header
	Value

	R-URI
	tel:E.164_B

	From
	<tel:+MSISDN_UE>

	To
	<tel:E.164_B>

	Via
	UE Natted IP@

	P-Preferred-Identity
	tel:+MSISDN_UE

	Contact
	UE Natted IP@


3.
In response, the HNB-CAS returns a SIP 100 Trying response to the HNB.

4.
The HNB-CAS queries the HLR user profile data to determine if any supplementary services are active.  It forwards the INVITE destined for the MGCF if the user profile settings allow it (otherwise, it responds to the HNB with 603 Declined).

Relevant headers of the outgoing INVITE are as follows:

	Header
	Value

	R-URI
	tel:E.164_B

	From
	tel:<UE_MSISDN>

	To
	<E.164_B>;isub=<ISDN-subaddr>

	P-Asserted-ID
	UE_MSISDN


5-24. Standard SIP signalling is used to connect the two endpoints.

6.x.4.2.2
Mobile Terminated Call – Success Scenario

The scenario illustrates a successful Mobile Terminated voice call flow.
There are two phases in a Mobile Terminated call.  First, the CS core will request a roaming number from the HNB-CAS as a function of the MSISDN.  The second phase is initiated by a SIP INVITE from the MGCF addressed to the roaming number.
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Figure 6.x.4.2.2-1: Mobile Terminated Voice Call

Preconditions: UE in the CS network initiates a call to a UE registered through an IMS HNB.
Note: the X-CSCF has been removed to simplify the diagram.
1.
The CS core sends a MAP_SEND_ROUTING_INFORMATION request to the HLR.  The MSISDN of the called party is passed as an argument.
2.
The HLR forwards the MAP_PROVIDE_ROAMING_NUMBER_IND to the HNB-CAS.

3.
The HNB-CAS returns MAP_PROVIDE_ROAMING_NUMBER_RSP to the HLR with a temporary roaming number (msrn).

4.
The HLR sends a MAP_SEND_ROUTING_INFORMATION response back to the CS core with the msrn.

5.
The MGCF receives ISUP:IAM with the msrn from the CS core.

6.
The MGCF translates the IAM message to a SIP INVITE that is sent to the IMS core.  Relevant headers are as follows:

	Header
	Value

	R-URI
	tel:+msrn@

	From
	tel:<UE_MSISDN>

	To
	tel:+msrn@

	P-Asserted-ID
	tel = <MSISDN_UE_A>


7-31. Standard SIP signalling is used to connect the two endpoints.

6.x.4.3
Handover

6.x.4.3.1
HNB-to-CS Network Handover – Success Scenario

This scenario shows the handover flow for a UE in a call that moves from an HNB to a macro BS.
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Figure 6.x.4.3.1-1: HNB to CS Network Handover

Preconditions: UE1 (registered with the HNB) initiates a call to UE2.  The HNB-CAS has established a B2BUA with a leg to the HNB (for UE1) and a leg to the MGCF (for UE2).

Note: The X-CSCF has been removed to simplify the diagram.
1.
During the call, UE1 moves into the macrocell coverage area and the HNB determines that handover is needed.  The HNB sends a SIP MESSAGE to the HNB-CAS containing the A/Iu Handover Required message in the content.
2.
The HNB-CAS responds with 200 OK.

3.
From the Handover Required message, the HNB-CAS identifies the target MSC.  It then sends a MAP Prepare Handover request to that MSC.

4.
The Target MSC sends a Handover Request to the BSS/RNS. 

5.
In response, the BSS/RNS returns a Handover Request ACK to the Target MSC.

6.
The Target MSC allocates a Handover Number (routable E.164 address) and returns it to the HNB-CAS in a MAP Prepare Handoff response message.

7.
The HNB-CAS sets up a new call leg by sending a SIP INVITE (with “sendonly” attribute) to the IMS core.  This gets routed to the MGCF. 

8.
The MGCF sends an ISUP IAM (Initial Address Message) addressed to the Handover Number.  This gets routed to the Target MSC.
9.
The Target MSC returns an ISUP ACM (Address Complete Message) to the MGCF.
10.
The MGCF responds to the INVITE with a 18x message that gets routed to the HNB-CAS by the IMS core.

11.
The HNB-CAS sends a SIP MESSAGE encapsulating an A/Iu Handoff Command.  This message, upon being routed to UE1 via the IMS core and the HNB, instructs UE1 to switch to the new cell.

12.
The HNB returns 200 OK.

13.
The Target BSS/RNS, upon seeing data from UE1, sends the A/Iu Handover Detected message to the Target MSC.

14.
The Target MSC sends a MAP Access Signalling Request to the IMS core, which subsequently routes the message to the HNB-CAS.

15.
The Target BSS/RNS sends the A/Iu Handover Complete message to the Target MSC.

16.
The Target MSC sends a MAP Send End Signal to the IMS core, which subsequently routes the message to the HNB-CAS.

17.
The Target MSC sends an ISUP ANS (Answer) message to the MGCF to indicate that the call should be accepted. 

18-24. Standard SIP signalling is used to reconnect UE1 (via the Target BSS/RNS) to UE2.

6.x.4.4
SMS

The HNB-CAS allows messages (SMS and MMS) to be routed to/from the mobile device connected to the HNB using the subscriber’s mobile identity.  The HNB-CAS allows messaging services (both SMS origination and termination) to be delivered or redirected over the IP broadband network to a HNB.  The transport mechanism for SMS/MMS between the HNB device and the HNB-CAS is SIP using a SIP MESSAGE mechanism.
6.x.4.4.1
Mobile Originated SMS Message Delivery

This scenario illustrates the call flow for successful Mobile Originated SMS delivery.
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Figure 6.x.4.4.1-1: Mobile Originated SMS

Preconditions: UE is fully registered through an HNB.

Note: the X-CSCF has been removed to simplify the diagram.

1.
The UE sends an SMS-SUBMIT message to originate SMS to another endpoint.
2.
In response, the HNB translates the SMS-SUBMIT into a SIP MESSAGE that it then sends to the IMS core.  Relevant SIP headers are as follows:

	Header
	Value

	R-URI
	<sip:(HNB-CAS host):(HNB-CAS port)>

	From
	tel:<UE_MSISDN>

	To
	Same as R-URI

	P-Asserted-ID
	Inserted by the CSCF, it contains the same value as the From header but is considered trusted information.

	Content-Type
	application/vnd.3gpp.sms



Note: The RP-DATA message encapsulated in the body of the SIP MESSAGE is encoded as binary.

3.
The HNB-CAS responds to the SIP MESSAGE with 202 Accepted to the HNB. Additionally, the HNB-CAS processes the SIP MESSAGE as follows:
· extracts and validates the SC address (RP-DA – E.164 number) from the payload;

· extracts and validates the RPDU type (RP-Message-Type) from the payload;

· extracts the MSISDN (RP-OA – E.164 number) from the payload;

· evaluates activated SMS barring supplementary services;

· evaluates operator determined barring for the Short Message.

4.
The HNB-CAS generates a MAP-MO-FORWARD-SHORT-MESSAGE to the SMS-IWMSC with the following parameters from the received SIP:MESSAGE:

· SM RP DA – SC address from above;

· SM RP OA – MSISDN from above;

· SM RP UI – the Short Message TPDU extracted from the SIP MESSAGE payload;

· IMSI – from internal data associated with the UE at time of registration.

5.
The SMS-IWMSC processes and sends the SM to the SMSC.

6-10. The various requests are acknowledged.

6.x.4.4.2
Mobile Terminated SMS Message Delivery
This scenario illustrates the call flow for successful Mobile Originated SMS delivery.  The UE subscriber lookup is performed using the IMSI set as the SM RP DA of the MAP-MT-FORWARD-SHORT-MESSAGE.
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Figure 6.x.4.4.2-1: Mobile Terminated SMS

Preconditions: UE is fully registered through an HNB.

Note: the X-CSCF has been removed to simplify the diagram.

1.
An SMS-DELIVER message is sent between the SMSC and SMS-GMSC. 

2.
In response the SMS-GMSC forwards a MAP_SEND_ROUTING_INFO_FOR_SM message to the HLR

3.
The HLR acknowledges the MAP_SEND_ROUTING_INFO_FOR_SM message.

4.
The HLR forwards a MAP_MT_FORWARD_SHORT_MESSAGE to the HNB-CAS.  The HNB-CAS evaluates barring supplementary services against the user profile.

5.
If the SMS is not barred, the HNB-CAS sends a SIP MESSAGE with the SMS data stored in the content.  Relevant headers are as follows:

	Header
	Value

	R-URI
	The contact address received during UE registration.

	From
	HNB-CAS address

	To
	<tel:+(MSISDN_UE)>

	P-Asserted-ID
	HNB-CAS address

	Content-Type
	application/vnd.3gpp.sms


6.
Upon receiving the SIP MESSAGE, the HNB forwards the contents to the UE in an SMS-DELIVER message.  The HNB-CAS evaluates operator-determined barring for the Short Message.

7.
The HNB responds to the SIPMESSAGE with 202 Accepted.

8-12. SMS-DELIVER-REPORT is sent from the UE to the SMSC via the HNB, HNB-CAS and SMS-GMSC.
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