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Abstract of the contribution: The paper analyzes the current architecture proposals from IMS HNB study TR 23.832 v 0.5.1. and try to draw a conclusion on R9 level requirements.

1. Introduction

There are currently 6 architecture proposals in TR 23.832 for IMS HNB. Each architecture proposal is trying to solve the IMS interworking with legacy CS UE requirement in HNB environment by placing the NAS (24.008) to SIP interworking function somewhere within the network system. The figure below shows a combined view of all the proposals currently under study:
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Figure 1. SIP/24.008 interworking function placements currently under study in TR 23.832.

The placement of this interworking function leads to different handling of the following functional areas:

1. Mobility management function (IMS reg/ Idle / Connected)

2. Domain selection function for MO

3. Domain selection function for MT
The following subsection tries to compare each alternative in those functional areas against Alt-2 = ICS-IWF, i.e. ICS MSC as defined in TS 23.292.

2. Discussion

2.1 Mobility management function – IMS Registration
In TS 23.292, the ICS MSC Server performs the IMS registration on behalf of the UE when it received the subscriber data from the HSS/HLR with the ICS flag. It can also be based on operator policy (e.g., IMSI range screening)

	
	Alt 1
	Alt 2
	Alt 4
	Alt 6
	Alt 7
	Alt 8

	Current status
	For all UE?
	As defined in 23.292
	Based on IMSI screening
	Based on Access authentication with Radius server/HSS
	For all UE?
	HNB registers itself as IMS Client. HNB then relay the UE:MM to HNB-CAS via SIP MESSAGE

	remarks
	No details provided in the TR
	
	Need to capture the security contexts by resetting CKSN –

-> implies local database for iMSI/CK/IK/TMSI mapping.

-> implies high security requirement to this node
	Requires new HSS functionality. ->Allowing access to HSS from HNB/Radius Client can lead to Service of denial attack.
	No details provided in the TR
	HNB-CAS is behaving just like the MSC/VLR with GSM MAP to HSS/HLR and ISC to IMS. This coupling makes this IMS very access dependent. 


2.2 Mobility management function – IDLE mode mobility
In TS 23.292, ICS MSC can serve both the Macro and HNB areas and can allocate the same Location Area to minimize mobility procedure when UE is moving back/forth in these areas (i.e., less MM signaling load to the network). Also ICS MSC deregisters the UE from IMS when it receives CancelLocation from HSS/HLR. This ensures the T-ADS in the IMS does not select an ICS MSC when it is no longer serving the UE.

	
	Alt 1
	Alt 2
	Alt 4
	Alt 6
	Alt 7
	Alt 8

	Current status
	HNB IWF deregisters the UE when T3211 or T 3212 expiries or call termination paging failed.
	As defined in 23.292
	May not always aware on the true location of the UE. IMS is de-registered based on IMS registration timer expiration. UE may not be registered to new NHB if it is using the same LA.
	May not always aware on the true location of the UE. IMS is de-registered based on IMS registration timer expiration. UE may not be registered to new NHB if it is using the same LA.


	Seems to imply that different LA is used between Macro and HNB area. Did not show how IMS deregistration is done.
	HNB is notified by HNB-CAS when it is no longer serving this UE (i.e., due to CANCEL location from HSS). 

	Remarks
	Solution not complete. Still an Editor’s note on dead spot scenario. Also, T3211/3212 are UE timers based on Sys. Broadcast and UE activities.  

-> Implementing same timers in network can lead to race condition.
	
	TR contains an optional procedure for MSC to signal IHAF that UE has left the HNB area so IHAF can deregister the UE from IMS. This impacts Iu-cs. Leaving IHAF registration in IMS when UE is out of reach can cause delay in call termination routine. 
	See terminating domain selection in 2.4 for remedy 
	Excessive MM signalling if different LA are needed.
	Missing procedure to show HNB to HNB IDLE mode mobility. If they are under the same LA then HNB-CAS is not notified which new HNB is serving the UE. 


2.3 Mobility management function – Connected mode mobility (HO procedure)
In TS 23.292, ICS MSC is serving at anchor MSC and uses CS handover procedure, i.e., 23.009, which is very stable today.

	
	Alt 1
	Alt 2
	Alt 4
	Alt 6
	Alt 7
	Alt 8

	Current status
	HNB IWF performs R7 type of VCC with STN first then the relocation procedure next.
	As defined in 23.292
	IHAF becomes the Anchor MSC for HO procedure with target MSC using CS HO procedure
	Requires SRVCC MSC. Invoked by Iu-cs option or SIP option.


	Requires SRVCC MSC. Invoked by Iu-cs
	HNB-CAS becomes the anchor MSC and performs inter-MSC HO procedure with target node. 

	Remarks
	STN from SCC AS during session setup is new functionality. ICS MSC gets the STI from IMS registration is also new functionality. HO cancellation procedure is missing.

Alerting phase HO is missing
	
	IHAF is now adding the Anchor MSC and MAP functionality for HO interworking. It is transforming into a MSC. 
	Require SRVCC MSC.

HO from Macro to IMS NHB is missing.

Alerting phase HO is missing
	Require SRVCC MSC.

HO from Macro to IMS NHB is missing.

Alerting phase HO is missing
	Having IMS node to perform CS HO procedure is against the architecture requirement that “The architecture shall satisfy the constraint that IMS is access independent”


2.4 Domain selection function for MO
ICS MSC analyses the Bearer Capability from SETUP in 24.008 as part of the normal call setup procedure to determine e.g., fax/data/tty/emergency etc and behave as traditional MSC when needed. 

	
	Alt 1
	Alt 2
	Alt 4
	Alt 6
	Alt 7
	Alt 8

	Current status
	Solution not clear
	As defined in 23.292
	Relay or buffer 24.008 until SETUP arrives.
	Relay 24.008 until SETUP arrives.
	Relay 24.008 until SETUP arrives.
	Solution not clear.

	Remarks
	FFS in TR 
	
	In relay scenario, MSC is involved until Iu release is received. 
	MSC is involved until Iu release is received.
	MSC is involved until Iu release is received.
	Not shown in TR.


2.5 Domain selection function for MT
For T-ADS in ICS MSC scenario, IMS can safely rely on IMS registration status from ICS MSC to determine whether the UE is still reachable by ICS MSC. This is because ICS MSC will perform IMS deregistration based on HSS interaction (Cancel-Location procedure).

	
	Alt 1
	Alt 2
	Alt 4
	Alt 6
	Alt 7
	Alt 8

	Current status
	Solution not clear
	As defined in 23.292
	T-ADS in the SCC AS should be enhanced to keep track of the likely location when multiple registrations existed. Retry when needed.
	Use of parallel paging, i.e., IMS HNB requests MSC to page the UE in case the UE has gone out from IMS NHB area.
	Not clear
	Always contact to the registered HNB where this UE was registered.

	Remarks
	It is still unclear how idle mode mobility works, and TR has FFS on how to handle dual IMS registration (HNB and MSC)
	
	Additional impacts to IMS for T-ADS and retry leads to additional signalling load and delay. 
	MSC is involved for MT paging.
	Not shown in the TR
	The case where UE could move between HNBs under the same LA is not covered. If this is not supported by this solution. It would lead to excessive MM signalling.


3. Other considerations

3.1 CS traffic offload

There is an architecture requirement related to complete CS traffic offload –

The architecture shall permit a complete offload of the CS Core for services supported in IMS, e.g., basic voice call; other legacy CS services such as Circuit Switched Data/Fax, etc., may still be supported in CS core. 

From CS signalling perspective:

· MSC is still involved during call setup phase even for basic voice call. This implies MSC is not completely offloaded (e.g., see 2.4, Alt 4, 6, 7)

· Some solution requires the MSC to perform paging (e.g., Alt 6, see 2.5); hence, this also has signalling traffic to MSC and is not completely offloaded.
· Therefore, we should highlight that the requirement of complete offload of CS Core has not been shown possible.
From User Plane perspective:

· All media is traversed from HNB to HNB GW regardless of the architecture proposal. 

· The media conversion from Iu-cs to RTP framing (ie., Mb) is either performed already by the HNB or can be done after HNB GW (IHAF or MGW). Placing a MGW near the HNB GWs may even be better/cost effective because the transcoding resource is shared among many HNB users. Therefore this could be viewed as deployment issue.
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There is also an unclear issue on how IHAF resolve traffic offloads as shown in another contribution S2-xxxx.

3.2 CSG access control

Currently, CSG access control for R8 UE and beyond is done at the MSC.  HNB-GW needs to contact the CN whenever any CSG-aware UE (i.e., UE with an allowed CSG List) attempts to establish a connection to the HNB. The CN can make the determination based on the CSG group information in the subscriber profile. 

One key issue is related to the handling of the expiration of CSG membership with Alt 4 as it has the capabilities to bypass MSC for call setup scenarios. The problem is that the CSG database is not maintained at the HNB-GW (or HNB), and only the MSC can access the up-to-date status of CSG membership of any given UE. The problem can be related to the situation when there’s an active UE context within the HNB while CSG membership has expired, and IMS HNB GW (Alt 4) is bypassing the MSC during the call setup procedure; thus, allowing the call to proceed in which the call should have been rejected in normal scenario.

The same problem space can also be applied during an active call. I.e., the IMS HNB-GW cannot be informed during the active connection/call about the expiration of the CSG membership. In ICS-MSC based approach, the MSC is able to inform the HNB system about the CSG membership expiration over the Iu. This is not possible with Alt 4 as the MSC is bypassed.

3.3 LI & O&M

How is LI done in ALT 4? Should the LI interface be extended to HNB GW?

Alt 4 has the capability to bypass MSC Core. It means this HNB GW would have to implement the same set of counters as in the MSC Core in order to get a consistence performance audit. This seems to be a duplication of O&M and additional OPEX for the operator.
3.4 Service Consistency

Legacy UE which is served by IMS in HNB is running IMS service machinery. To maintain service consistency for these UE, the same IMS service machinery shall also be involved when UE is in the macro network. It can be envisioned that ICS MSC is used to maintain service consistency in the macro network.

In case of ICS-MSC, the same investment can be shared between macro and HNB system. In case of solution alternatives introducing SIP conversion within HNB system (i.e., Alt 1,4,6,7,8 ), the ICS-MSC based solution will be required as additional investment to support the service consistency between HNB system and macro layer.

3.5 IMS as access independent

There is an architecture requirement that stated:

The architecture shall satisfy the constraint that IMS is access independent
Alt 8 which places the MSC functionality in IMS (ie., HNB-CAS) makes the IMS very access dependent.  Furthermore, it can also perform CS HO procedure within an IMS network is very access specific. 

4. Conclusion

Given all the alternatives have some drawbacks or still missing details in the TR, and that Alt 2 (ICS MSC) solution meets most of the R9’s requirements for IMS NHB with very little impact, it is recommended to conclude the study by selecting Alt 2 as the way forward for this R9’s WID.

Proposal to the TR 23.832 as follow:

7
Assessment

Editor’s Note: This section is to discuss and assess the architecture alternatives.
Alt 2 has the following advantages over after alternatives:

- 
Maximum reuse of the existing standardized functions (as defined in TS 23.292) for IMS HNB applications with no new standardization requirements.

-
Maximum reuse of ICS MSC for macro network to provide service consistency as user is being served by the macro access.

-
IMS remains as access independent, and no additional impacts to the IMS.
- 
Minimize mobility signalling and paging as HNB and surrounding macro area can be defined as the same LA. 

-
Reuse existing Li and CSG access control mechanisms.

-
Allow NAS level related counters to be collected and implemented in one Node (i.e., ICS MSC).

-
Allow the re-use of Iu-Flex architecture to offload CS/IMS user-plane traffic and provide high scalability and redundancy to the network as HNB users grow.
8
Conclusion

Editor’s Note: This section is to draw a conclusion on architecture solution for IMS Aspects of Architecture for Home NodeBs.

Due to the advantages stated in section 7 for alternative 2 and that other alternatives are still having some FFS remain, it is concluded that alternative 2 is selected as the solution for IMS HNB.
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