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1
Introduction
This document describes on a deeper level and discusses on the possible scenarios. Preliminary conclusions are drawn and suggested to establish as working assumptions.

2
Discussion
2.1
Architectures already allowed in Rel-10 

	No GW involved
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	One HeNB via GW, one via S1
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	Both HeNBs via different GWs
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	Both HeNBs via the same GW
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The architectural figures above show the current status of possible variants up to Rel-10. The interconnection between HeNBs is allowed via a direct X2-interface connection, each HeNB can be connected to a HeNB-GW, where as a scenario with 2 HeNB-GWs (without interconnection) is possible.
These scenarios are not explicitly outlined in TS 36.300, however, there is no restriction specified either.

2.2
Architectures as allowed in Rel-10, but with X2-proxy option

2.2.1
Both HeNBs GW connected via S1, X2-proxy via that GW
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Like for 3G HNBs, where Iurh-connectivity is specified to be allowed via the GW, this scenario represents the corresponding possibility.

Rel-10 already supports X2 between HeNBs. If X2 connectivity via the HeNB-GW is introduced in Rel-11, the possible benefit of reducing the number of SCTP/X2 to be supported in HeNB is not immediately evident. A typical HeNB only covers a small area and it can be assumed, that a HeNB does not have as many neighboring HeNBs as maybe an eNB would have in case X2 connectivity supported towards HeNBs. 
In a campus/enterprise scenario (assuming excellent environment conditions), there could be neighbours from the same, the upper and lower floor, resulting in maybe around 8 “effective” neighbours.

Inter-release issues between Rel-10 HeNBs supporting direct X2 connectivity only and those supporting X2 connectivity via the HeNB-GW are not seen as a problem: as for 3G HNBs, the HeNBs should not see any difference between the connectivity options.

There should be the goal to have a Rel-11 HeNB able to communicate to both Rel-10 and Rel-11 HeNBs in a transparent way with regard to X2 connectivity options. In other words, the Rel-11 scheme should be able to provide X2 connectivity via the GW even for a Rel-10 HeNB.

One possible benefit for X2 via GW is to reduce the IOT effort. This may not be obvious for enterprise deployment, since the enterprise usually uses HeNBs from one or two vendors. But the Open HeNB may come from multiple vendors. Without X2 via GW, each Open HeNB vendor has to test with all other Open HeNB vendors. If with X2 via GW, each Open HeNB vendor only need to test with the HeNB-GW. 
Proposal 1: The typical use case of HeNB with high number of neighboring HeNBs requiring X2 proxy function should be clarified before proceeding with the specification work.

Proposal 2: If agreed to be specified, the Rel-11 scheme should be able to provide X2 connectivity via the HeNB-GW even for a Rel-10 HeNB.

2.2.2
One HeNB GW connected, X2-proxy via that GW
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This deployment variant is seen as a possibility, without real connection to the “real world”. However, as discussed already, we should consider whether there is a need to rule out this variant or just leave it open in standards. 
From a technical point of view, there is no real drawback in terms of additional functionality required within the involved nodes. Only network-setup/configuration might be a challenge.
Proposal 3: The interest to support this presented deployment variant should be clarified in RAN3. 

2.2.3
Both HeNBs GW connected, X2-proxy for each GW at that GW where it is S1 connected
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This deployment variant considers the interconnection of HeNB-GWs, serving HeNBs being X2-connected. The direct X2 interconnection of HeNBs being served by different HeNB-GWs is already possible in Rel-10, this variant foresees to interconnect the X2-proxyfunctions.

It is obvious that there is no need to connect the two HeNB-GWs via S1 interface, only horizontal connectivity is to be considered. This variant is dependent on whether X2 connectivity via the HeNB-GW is supported in Rel-11 at all. 

In order to decide if these scenarios should be supported, let’s have a look at two applications:

-
deployment of several logically separated HeNB-GWs for redundancy reasons:
HeNBs, at startup, will receive information which HeNB-GW to contact in order to establish connectivity towards the CN. For redundancy reasons, several HeNB-GW addresses can be provided and by some implementation/configuration based mechanism, a kind of load-balancing can be achieved among the HeNB-GWs. If one HeNB-GW fails, is taken out of service etc., the HeNBs attached to this HeNB-GW would be able to connect to a redundant one.

-
deployment of HeNB-GWs serving HeNBs in overlapping geographical areas:
HeNB-GWs, responsible to cover a certain geographical area, would be contacted by HeNBs e.g. based on the macro-environment scanned by the HeNBs. There may be a certain inaccuracy within this kind of HeNB-GW-selection criterion, which would result in an overlapping serving area for those HeNB-GWs serving neighbouring serving areas. In order to allow X2 connectivity between neighbouring HeNBs connected to different HeNB-GWs w/o requiring direct X2 connectivity, the HeNB-GWs need to interconnect their X2-proxy-entities.   ]

Proposal 4: The interest to support this presented deployment variant should be clarified in RAN3. 
2.2.4
Both HeNBs GW connected, only single X2- proxy
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This deployment variant foresees to allow placing a single X2-proxy in case of HeNBs being served by different HeNB-GWs. This could be easily achieved by providing the appropriate X2 TNL address to HeNBB. However, though possible, we think that this variant gives a good opportunity to consider the reduction of possibilities and that the standard should require, that X2 connectivity via the GW should always follow the S1 connection of the HeNB.

Proposal 5: The support of the presented deployment variant should be explicitly rule out. The X2 connectivity via GW should always follow the S1 connection of the HeNB.

2.2.5
Both HeNBs MME connected, X2-proxy via a GW 
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This deployment variant poses the question, whether X2 connectivity via the HeNB-GW should be possible without requiring the HeNB to be S1 connected via the HeNB-GW. 
Though theoretically possible (the HeNBs involved and the MME would need to know the X2 TNL addresses to be communicated in order to achieve this variant), we are of the opinion, that this variant should be explicitly ruled out as well.

Proposal 6: The support of the presented deployment variant should be explicitly ruled out. 
2.3
Femto-macro scenarios, with and w/o X2-proxy option

2.3.1
Femto and macro node directly X2 connected, femto directly S1 connected
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This deployment variant represents the basic possibility. There is no optimisation foreseen in terms of catering for a scalable X2-connecitity solution, which will become an issue, if the eNBB is meant to provide macro coverage within the deployment area of HeNBs for enhanced mobility. 
The advantage of this scenario lays not so much on the fact that neighbour-relations are managed in a scalable way, rather on the fact that such mobility signalling is reduced compared to HO via S1. Since both nodes connect to the same MME, there is no reason to stay with S1 HO in Rel-11.
Proposal 7: The X2 based handovers between the HeNB and eNB directly connected to the same MME should be supported in order to allow reduced mobility signalling in MME as compared to HO via S1. The HeNB is assumed operate in this scenario typically in open access mode. Support with hybrid or CSG mode HeNB is FFS.

2.3.2
Femto and macro node directly X2 connected, femto S1 via GW

[image: image11.wmf]HeNB

A

HeNB

-

GW

S

1

-

MME

B

X

2

eNB

B

MME

S

1

-

GW

A

S

1

-

MME

A


This deployment variant represents the same possibility as in the previous sub-section, as there is no variation foreseen for X2 connectivity. In case a HeNB-GW is deployed, not using an X2-proxy for X2 connectivity between femto and macro node is like wasting an excellent opportunity to overcome with scalability issues.
Proposal 8: Support of an deployment variant of X2 connectivity between an macro and femto node, where the femto node is HeNB-GW connected but direct X2 connectivity is used, should be carefully examined during work on the SI.

2.3.3
Femto and macro node via X2-proxy, femto S1 via GW
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This deployment variant should represent – in our opinion – the typical deployment scenario for X2 connectivity between macro and femto nodes, especially for the deployment of open HeNBs. When the operator deploy many Open HeNBs, the S1 HO between the eNB and Open HeNB will cause a big signalling load to the MME. In a typical S1 HO, the MME need to process 9 S1 messages (5 incoming S1 messages, and 4 outgoing S1 messages). While a typical X2 HO only requires the MME to process 2 S1 messages. Therefore, using X2 HO can significantly reduce the signaling load in the MME, in comparison to S1 HO. Relieving the CN load is the major driving force to enhance the eNB-Open HeNB mobility for large scale Open HeNB deployment.
In a large scale Open HeNB deployment also a second scaling issue may appear, if high a number of HeNBs are neighboring cells to the macro cell(s) served by an eNB. The number of X2 connections at the eNB may become insufficient for the direct X2 connections with each neighboring HeNB. 

The deployment of HeNB-GW is beneficial to minimize the required number of SCTP/S1 interfaces to be supported in the MME. Towards the neighboring eNB(s) the HeNB GW could act as a X2 proxy minimizing the required number of X2 connections to be  supported in the neighboring eNB(s). 
Proposal 9:  In case of dense Open access HeNB deployments within macro cell coverage the X2 based HOs will reduce the signalling load in MME. The HeNB GW can as X2 proxy reduce the required number of X2 connections towards HeNBs in eNB.  Support with hybrid or CSG mode HeNB is FFS.

2.3.4
Femto and macro node via X2-proxy, femto S1 via GW, 2 GWs involved


[image: image13.wmf]HeNB

A

HeNB

-

GW

A

X

2

S

1

-

GW

A

eNB

B

MME

HeNB

-

GW

B

S

1

-

MME

A

S

1

-

MME

B


Following the architectural variants between HeNBs, there are two deployment cases identified (redundancy deployment of HeNB-GWs, HeNB-GWs serving HeNBs in overlapping areas) which need further discussion and justification (see section 2.2.3). 

However, it is rather likely and very reasonable, in case femto-macro X2 connectivity via an X2-proxy is implemented, that the macro node is connected to all HeNB-GWs that are serving the same / an overlapping area. 

Proposal 10: A multi-HeNB-GW scenario for femto-macro X2 connectivity via X2 proxy functions shall NOT be supported, as it is not necessary. 

2.3.5
Further femto - macro scenarios
In addition, the architectural variants as outlined in sections 2.2.4 and 2.2.5 are in principle possible with macro nodes; however, with the same argumentation as for those scenarios, and also following from proposal 9, proposals 4 and 5 are valid for the corresponding macro-femto scenarios.

3
Proposal
It is proposed to discuss this paper, especially the assumptions and proposals, agree on them and capture the content of this paper in appropriate sections in the TR [2].
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