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Abstract of the contribution: This contribution compares the 3 alternatives of architecture for H(e)NB Interworking, and makes a proposal for way forward for H(e)NB Interworking with BBF Access.
1 Introduction 
In TR23.839, there are 3 alternative solutions for H(e)NB Interworking. This paper tries to make an evaluation of three alternative solutions and proposes one solution as the solution for R11 Technical Specification.
2 Discussion
2.1 Completeness of the 3 solutions


There are no outstanding issues in alternative 1 and alternative 3. Alternative 1 and 3 have solved some important technical issues, for example, admission control for new bearer requests based on CSG membership or bearer priority (pre-emption of existing non CSG member or low priority bearers). Alternative 1 and 3 can support QoS control for CS bears, and Alternative 1 and 3 also provided the main procedures of H(e)NB Interworking with BBF access.
However, there are several issues remain unresolved in Alternative 2, such as:

1) how to get the IPSec tunnel information when a NAT device is in between the H(e)NB and the core network (e.g. the MME). 
In current TR 23.839, alternative 2 proposes to carry the IPSec tunnel information, which is used to identify the fixed line by the BBF access (i.e. BPCF), in S1 message (though mistakenly used S1 setup message), however, the H(e)NB will not know the actual Outer IPSec tunnel address and port number, if there is a NAT device. Thus, the MME will not always get the Public outer IPsec tunnel address and port number (i.e. the IP address of the RG and port number allocated by the RG). 
According to offline discussion, it was clarified that the outer IPsec tunnel address and port number are provided to the H(e)NB from H(e)MS. However, it is still not clear how the H(e)MS will get the outer IPsec tunnel address and port number.

According to Femto architecture, there are currently 2 possible architectures: with the H(e)MS connected to the H(e)NB directly without going through the SeGW; or with the H(e)MS connected to the H(e)NB via the SeGW.

If the H(e)NB connects to the H(e)MS directly without going through the SeGW, the H(e)MS will be able to know the public IP address the H(e)NB will use to connect to the SeGW. However, even in this scenario, the H(e)MS will not know the outer source port number, since the outer source port number is allocated by the NAT dynamically when the H(e)NB send first packet to the SeGW. People may argue the necessity of the outer source port number, we have a discussion paper which make such information necessary for filtering of packets before DSCP based scheduling in BNG/BRAS. 

Nevertheless, regardless of the necessity of the outer source port number, the H(e)MS will not be able to know public IP address the H(e)NB uses to connect to the SeGW if the H(e)NB is connected to H(e)MS through SeGW, since in this scenario the outer IPsec tunnel address is removed by the SeGW, hence the H(e)MS only see the H(e)NB IP address allocated by the SeGW.

a) 

b) 
c) 
d) 
2) 

2)  Alternative 2 has not discussed how to perform the pre-emption of existing bearers based on CSG membership and priority of the service. It is not clear how to solve such technical issue for Alternative 2.
It was proposed during offline discussion that the PCRF performs the pre-emption based on CSG membership in alternative 2. However, there are several issues on this proposal:

First, according to current Femto specification, the PCRF has no CSG information since according to current assumption the CSG based admission control is performed in the H(e)NB. Moving the CSG based admission control means additional changes to both PCEF and PCRF.

Second, the UEs connecting to EPC via H(e)NBs of the same fixed line can be served by different PCRFs in the core network according to current TR. Even if the PCRF selection mechanism is updated to guarantee that the same PCRF is selected for all the UEs accessing via the same fixed line for the UE initially attaching to EPC from the fixed line, there are still possibility that the UE is handover to the Femto cell of the fixed line from a macro cell, in which case, the PCRF is selected when the UE initially attached in a macro cell without possibility of consideration of the fixed line. PCRF relocation is not possible in current EPC specification, and the complexity is not studied yet.
Conclusion 1: The Alternative 2 for H(e)NB interworking with BBF access documented in TR 23.839 is not a complete solution, there are several key technical issues to be solved. It is hard to be convinced that the Alternative 2 is workable without resolution to these technical issues.
2.2 QoS control of CS services

Alternative 1 and 3 cannot support QoS control of CS services. 

This is important for 3G HNB which has the capability to support CS services, especially in current deployments, and may co-exist with other devices under the same fixed line. Without QoS control, the packets for CS services will likely to be dropped due to the congestion of the fixed line, which in our opinion will have a dramatic impact on the user experience.

People were arguing the necessity of the support of CS services, indicating it is scoped out in the TR 23.839. However, according to our understanding of the TR, it never scoped out CS services, instead, in the comparison table, there are notes saying that architecture alternative 1 supports PS and CS while alternative 2 supports PS only, and there are procedures in alternative 1 that supports the CS services in the TR. 

There are interests from operators to support the coexistence of CS via Femto and PS via Femto/WLAN though this requirement is not explicitly written in SA1 requirements and WI. We can update the SA1 requirements if needed, and we think it is important to consider the QoS control of CS services when we selecting the architecture.

Conclusion 2: Alternative 1 and alternative 3 can support QoS control of CS services while alternative 2 cannot.
2.3 Comparison of the impacts of the 3 solutions
In TR 23.839, section 5.9 provides principles for solution comparison, and also has 2 tables comparing 3 solutions for LTE and UMTS Femto respectively. However, the comparison table needs to be updated to reflect the latest refinement of the solutions.
In the TR, there was an assumption that the changes to existing interfaces, e.g. adding new parameters, are not considered as impacts. However, we think this is an unfair rule, since the changing of existing interfaces means changes of the network entities at the 2 ends of the interfaces. Hence, we propose to change such rule, and reflect the real impacts of the solutions. 

In the comparison table, there are redundant attributes like “New Interface/Signaling Sequence (besides S9*)”, “Overlay Architecture”, “Additional Signaling Load”, all of which indicate the same information that new interfaces are added, however, the comparison table unfairly indicates H(e)NB/H(e)NB GW/MME/SGW as not impacted even though new parameters are added to S1/S5/S11 interface. Hence we propose to change the table to reflect the reality.
Besides, the original comparison table indicates 4 alternatives, actually according to the progress there are only 3 alternatives in the TR. Hence, we propose to merge 4 alternatives into 3 according to the TR.

	Architecture Alternative

	Attribute

	
	Roaming Trans-parency?
	BBF QoS Negotiation
	EPC: New Interface/Signaling Sequence (besides S9*)  
	Corre-lation of  UE PCC  & S9* QoS sessions (2) 
	Over-lay Archi-tecture
	Addi-tional Signa-ling Load
	Common-ality with WLAN PCRF-BBCP IWK 
	HeNB
	SeGW
	HeMS
	HeNB GW
	M
M
E
	SGW
	PDG GW
	PCRF


	PCRF (Alt 2) 
	No (3)

(-)
	Yes

(+)
	Not clear
(-)(y)
	Yes

(+)
	Not clear
(-)(y)
	Not clear
(-)(y)
	Yes

(+)
	Yes
(-)
	No(+)
	Yes(-)
	Yes
(-)
	Yes (-)(6)
	Yes(+)
	Yes(-)
	Yes(-)
(7)

	MME/HeNB GW  (Alt 1) 

(8)
	Yes 

(+)
	Yes 
(+)
	Yes

(-)
	Yes
(+)
	Yes

(-)
	High

(-)
	No

(-)
	No

(+)
	Yes(-) (4)
	No(+)
	Yes
(-)
(x)
	Yes(-)
(x)
	No(+)
	No(+)
	No(+)

	

	

	

	

	

	

	

	

	

	
	
	

	
	
	
	

	HeNB (Alt 3) 
(8)
	Yes 

(+)
	Yes 
(+)
	Yes

(-)
	Yes
(+)
	Yes

(-)
	High

(-)
	No

(-)
	Yes

(-)
	Yes(-)
	No(+)
	No

(+)
	No(+)
	No(+)
	No(+)
	No(+)


Note x:   Alternative 1 impacts either MME or H(e)NB GW, if the H(e)NB GW exists, the MME is not impacted.
Note y:   Since Alternative 2 has some important key issues not been resolved, it is not clear whether new interfaces or entities or signaling will be added.
	Option
	Attribute

	
	Roaming Transpa-rency
	QoS Nego-tiation
	EPC: New Interface/Signaling Sequence (besides S9*)  
	Correlati-on of  UE PCC  & S9* QoS sessions  (2) 
	Overlay Architecture
	Additio-nal Signaling Load
	Commonality with WLAN PCRF-BBCP IWK 
	H- 
NB
	Se
GW
	HMS
	H-
NB
GW
	S
G
S
N
	GGSN/PGW
	P
C
R
F



	PCRF 
(Alt 2)
(8)
	No   (3)

(-)
	Yes

(+)
	Not clear
(-)(y)
	Yes

(+)
	Not clear
(-)(y)
	Not clear
(-)
	Yes

(+)
	Yes(-)
(+)
	No(+)
	Yes(-)
	Yes
(-)
	Yes(6)
(-)
	Yes(-)
	Yes

(6)
(-)

	HNB GW (Alt 1) 
(7) (10)
	Yes

(+) 
	Yes
(+)
	Yes

(-)
	Yes
(+)
	Yes

(-)
	High

(-)
	No

(-)
	No

(+)
	Yes(+) (4)
	No(+)
	Yes

(-)
	No(+)
	No(+)
	No

(+)

	HNB 
(Alt 3) 
(7) (9) (10)

	Yes

(+)
	Yes
(+)
	Yes

(-)
	Yes
(+)
	Yes

(-)
	High

(-)
	No

(-)
	Yes

(-)
	Yes(-)
	No(+)
	No

(+)
	No(+)
	No(+)
	No

(+)


Note y:   Since Alternative 2 has some important key issues not been resolved, it is not clear whether new interfaces or entities or signaling will be added.
	
	
	

	


	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	








From the above comparison table we can have the following Conclusion 3:

1) 
2) Alternative 1 and Alternative 3 have fewer impacts on existing network entities than Alternative 2. 

3) Alternative 1 and 3 have introduced an new entity “H(e)NB policy function” and 2 new interfaces, and have additional signaling over the 2 new interfaces. However, it is not clear whether Alternative 2 will incorporate new interfaces and incur additional signaling since the solution is not complete.
4) 
5) Alternative 1 and 3 can avoid impacts on home PLMN in roaming scenario, while alternative 2 requires the support of both H-PLMN and V-PLMN, regardless of GTP or PMIP is used over S8 interface.

2.3 Consideration of network convergence
During offline discussions, some companies think alternative 1 and 3 are not compatible with building block 3 requirements of “converged architecture”. The so-called “converged architecture” is to enable the PCRF to support R interface, thus to control the fixed network entities. The problem lies in the definition of “converged” where there is convergence either at network level or subscriber level. Alternatives 1 and 3 achieve convergence at network level with a 3GPP policy function controlling the fixed network. However what is common for all alternatives is that subscriber level convergence cannot be achieved since the fixed network is not involved in 3GPP subscriber authentication as dictated by SA3 specs and therefore this is specifically different from the WLAN interworking scenarios. As such it is up to the femto operator to decide whether the fixed network needs to be aware of 3GPP subscribers. As such the commonality of the architecture with WLAN interworking architecture is not a fair criterion to decide whether the architecture is “converged” or not. 
The H(e)NB Policy Function defined in alternative 1 and 3 can be either a separate network entity or integrated into a PCRF, and the new interfaces are based on existing Gx or Rx interfaces. If the H(e)NB Policy function is integrated into the PCRF, it seems it is not rational to consider these two architectures as not a “converged architecture”. Even if the H(e)NB Policy Function is a separate network entity, since the new interfaces are based on Gx/Rx interface, it should still not be considered as not converged.
Conclusion 3: Alternative 1 and 3 are converged architecture and compatible with Building block III requirements of convergence.

2.4 Comparison of Alternative 1 and Alternative 3

Alternative 3 has impacts on H(e)NB, this is regarded as one disadvantage, because the support of interworking BBF access requires the upgrade of customer premise entities and may not be practical in existing deployments. In alternative 3, the H(e)NB needs to interface with H(e)NB Policy function, considering the high volume of H(e)NBs, this interface may add signaling load to H(e)NB Policy function. 
Conclusion 4: Alternative 1 has more advantages than alternative 3 since it has no impact on customer premise entities and has less signaling interfaces.
3 Conclusion


From the above discussion, we conclude that Alternative 2 is not a complete solution, and has more impacts on existing network elements/interfaces than alternative 1 and 3. While alternative 1 have more advantages than alternative 3 since it has no impacts on CPE and has less signaling interfaces than alternative 3.
We therefore propose to adopt alternative 1 as the concluded solution for Release 11 technical specification.
Proposal

The proposed changes to TR23.839 are as follows:

* * * Start of 1st Change * * *  
5.9 
Comparison of 3GPP LTE Femto Architecture Options   
5.9.1 
General

The rows in the comparison table include the solutions and the columns the attributes addressing various aspects of the impact on the network. The table also identifies the NE/s impacted by a particular solution.

The attributes are meant to answer the questions in the following areas:  

Roaming transparency

Is the home network aware that the roaming user access the VPLMN via a 3GPP Femto connected to BBF access?

BBF QoS Negotiation

Are Radio Resources allocated to the UE in before it is known whether resources are available in the BBF access?

New Interface/Signaling Sequence in 3GPP (besides S9*)  

Does the solution require a 3GPP NE to support a new interface and protocol?

Correlation of UE PCC & S9* QoS sessions  
Is the S9* session is independent of the UE PCC session?  

Overlay Architecture
Does the solution enhance the existing PCC architecture to handle the S9* session or requires an overlay architecture with new reference point/s and a new policy server (i.e. Femto-PCRF)?

Additional Signaling Load
Does the solution generate additional signaling load in the network? (The S9* signaling is excluded from the comparisons as it is common with all solutions.)


Commonality with WLAN PCRF-BBCP IWK
Is the 3GPP Femto solution compatible with the WLAN solution?

Impact on 3GPP NEs
A NE is said to be impacted when the solution requires that the NE supports a new reference point or required to support new IEs in the message set and procedures it already supports. 



Interpretation of the arrows:

The arrows in each cell are meant to indicate relative advantage/or disadvantage of a particular solution. A plus sign (+) indicates advantage while a minus sign (-) indicates a disadvantage.

5.9.2 
Comparison 

5.9.2.1 
LTE Architecture options 
	Architecture Alternative

	Attribute

	
	Roaming Trans-parency?
	BBF QoS Negotiation
	EPC: New Interface/Signaling Sequence (besides S9*)  
	Corre-lation of  UE PCC  & S9* QoS sessions (2) 
	Over-lay Archi-tecture
	Addi-tional Signa-ling Load
	Common-ality with WLAN PCRF-BBCP IWK 
	HeNB
	SeGW
	HeMS
	HeNB GW
	M
M
E
	SGW
	PDG GW
	PCRF


	PCRF (Alt 2) 
	No (3)

(-)
	Yes

(+)
	Not clear
(-)(y)
	Yes

(+)
	Not clear
(-)(y)
	Not clear
(-)(y)
	Yes

(+)
	Yes
(-)(6)
	No(+)
	Yes(-)
	Yes
(-)
	Yes (-)
	Yes(+)
	Yes(-)
	Yes(-)
(7)

	MME/HeNB GW  (Alt 1) 

(8)
	Yes 

(+)
	Yes 
(+)
	Yes

(-)
	Yes
(+)
	Yes

(-)
	High

(-)
	No

(-)
	No

(+)
	Yes(-) (4)
	No(+)
	Yes
(-)(x)
	Yes(-)
(x)
	No(+)
	No(+)
	No(+)

	

	

	

	

	

	

	

	

	

	

	
	

	

	
	
	


	HeNB (Alt 3) 
(8)
	Yes 

(+)
	Yes 
(+)
	Yes

(-)
	Yes
(+)
	Yes

(-)
	High

(-)
	No

(-)
	Yes

(-)
	Yes(-)
	No(+)
	No

(+)
	No(+)
	No(+)
	No(+)
	No(+)


Table 5.9.2.1 -1 LTE Architecture options


Note x:   Alternative 1 impacts either MME or H(e)NB GW, if the H(e)NB GW exists, the MME is not impacted.
Note 2:  
Correlation refers the 3GPP network. Note that It is not possible to discriminate individual UE sessions at the BNG due to IPSec tunnelling.

Note 3: 
The limitation exists for the GTP HR traffic that is a very small subset of the overall traffic. Note that the roaming subscriber must register with the 3GPP Femto in the VPLMN. NOTE that this  limitation applies also to the 3GPP-BBF IWK architecture for WLAN. 

Note 4: 
Required at H(e)NB Power up to interface with the F-PCRF/ H(e)NB Policy Function

Note 5: 
New Interfaces to the F-PCRF
Note 6: 
Open issue on how HeNB retrieves Outer IPSec tunnel info when a NAT is between the the HeNB and SeGW
Note 7: 
S1-AP and S5/S8 need to carry additional IE/s (e.g. IP@ of IPSec tunnel). 
Note 8: 
Require a new functional entity – the F-PCRF, that may reside at the PCRF

Note y:   Since Alternative 2 has some important key issues not been resolved, it is not clear whether new interfaces or entities or signaling will be added.
5.9.2.2 UMTS Architecture Options 

	Option
	Attribute

	
	Roaming Transpa-rency
	QoS Nego-tiation
	EPC: New Interface/Signaling Sequence (besides S9*)  
	Correlati-on of  UE PCC  & S9* QoS sessions  (2) 
	Overlay Architecture
	Additio-nal Signaling Load
	Commonality with WLAN PCRF-BBCP IWK 
	H- 
NB
	Se
GW
	HMS
	H-
NB
GW
	S
G
S
N
	GGSN/PGW
	P
C
R
F



	PCRF 
(Alt 2)
(8)
	No   (3)

(-)
	Yes

(+)
	Not clear
(-)(y)
	Yes

(+)
	Not clear
(+)(y)
	 Not clear
(-)(y)
	Yes

(+)
	Yes
(-)
	No(+)
	Yes(-)
	Yes
(-)
	Yes (6)(-)
	Yes(-+
	Yes

(6)
(-)

	HNB GW (Alt 1) 
(7) (10)
	Yes

(+) 
	Yes 
(+)
	Yes

(-)
	Yes
(+)
	Yes

(-)
	High

(-)
	No

(-)
	No

(+)
	Yes (4)(+)
	No(+)
	Yes

(-)
	No(+)
	No(+)
	No

(+)

	HNB 
(Alt 3) 
(7) (9) (10)

	Yes

(+)
	Yes
(+)
	Yes

(-)
	Yes
(+)
	Yes

(-)
	High

(-)
	No

(-)
	Yes

(-)
	Yes(-)
	No(+)
	No

(+)
	No(+)
	No(+)
	No

(+)


Table 5.9.2.2 -1 UMTS Architecture options


Note y:   Since Alternative 2 has some important key issues not been resolved, it is not clear whether new interfaces or entities or signaling will be added.
Note 2: 
Correlation refers the 3GPP network. Note that It is not possible to discriminate individual UE sessions at the BNG due to IPSec tunnelling.

Note 3: 
The limitation exists for the GTP HR traffic that is a very small subset of the overall traffic. Note that the roaming subscriber must register with the 3GPP Femto in the VPLMN. NOTE that this  limitation applies also to the 3GPP-BBF IWK architecture for WLAN.

Note-4: 
Required at H(e)NB Power up to interface with the F-PCRF/ H(e)NB Policy Function

Note-5: 
New Interfaces to the F-PCRF
Note-6: 
Gn/Gp, S4 and S5/S8 need to carry additional IE/s (e.g. IP@ of IPSec tunnel). Open issue on how the HNB obtains the outer IPsec tunnel information if a NAT device is in between the HNB and SeGW. 

Note-7: 
Require a new FE – the F-PCRF, that may reside at the PCRF
Note-8: 
Support PS only. It is the same solution as for LTE Femto

Note-9 
The signaling interface with the F-PCRF is not based on the Ruh interface 

Note 10: 
Supports PS and CS 
5.9.2 
Conclusion
Alternative 1 specified in section 5.6 is adopted as the concluded solution for H(e)NB Interworking architecture with BBF access for R11 technical specification.
* * * End of Change * * *  
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