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1
Introduction
RAN#51 approved a new Study Item in [1]. The study shall take place for (at least) two quarters and contains a couple of items which were either detected already during the related Rel-10 WI on "HNB and HeNB Mobility Enhancements" or which were put on hold during Rel-10.
2
Discussion
2.1
General

Apart from topics like support of UEs in states different than CELL_DCH (3G) and support of RAN sharing, the main focus of the Rel-11 work is expected to build on the big leap introduced within Rel-10 timeframe, which was the introduction of an horizontal interface connectivity between home access RAN nodes: X2 between HeNBs, Iurh between HNBs.

There are several architectural enhancements possible for which benefits should be evaluated during the study phase:

1)
As the main enhancement, horizontal interface connectivity between home (femto) RAN nodes and public (macro) RAN nodes will be considered. This may bring:
-
Benefits in terms of enhanced relocation/handover schemes.
-
Also, in case of 3G, the possibility of the setup of additional radio links (“soft handover”).
-
Finally, at a first glance, the possibility to have non-UE related signalling on the new horizontal interface (e.g., measurement exchange, in general “RRM”).
2)
As an enhancement of – in our view – secondary prominence, the Study Item [1] suggests to consider scenarios where two H(e)NB-GWs are involved.

3)
As a “left-over” from Rel-10, X2-proxy schemes shall be considered. We expect to introduce similar schemes to the one developed for the Iurh-proxy connectivity.
4)
The remaining items in the Study Item [1] are rather of functional than of architectural nature (inter-CSG schemes, RAN sharing, CELL_RACH/PCH&URA_PCH mobility).

Note:
“Horizontal interface” denotes the kind of interface which caters for the connectivity of nodes on the same hierarchical level (X2, Iur, Iurh), whereas “vertical interface” considers connectivity of nodes on different hierarchical levels (Iu, S1).
It is initially proposed to develop a structured approach for architectural variants, not always following exactly the scenarios outlined in the Study Item description [1]. This is mainly for (a) discovering the complete range of possible options, to evaluate the need to support certain architectural variant based on the use case relevance and (b) for considering the important question, whether 3GPP specification work should explicitly rule out certain architectural variants (or silently allow them, as they do not require any additional function or not impose additional complexity). In order to capture this important point we suggest to book-keep this thought in the TR as an open item
Open Item 1:
RAN3 shall consciously decide whether the standard shall explicitly rule out (or, on the contrary: explicitly allow) certain architectural variants.
2.2
Requirements / Assumptions

This chapter is HNB relevant, as there is no kind of “legacy protocol stack”-issue for HeNBs (S1/X2 build on an IETF stack, whereas Iu/Iur still has SS#7 legacy). 

It is proposed to adopt the following assumptions:
1)
macro horizontal connectivity remains as currently specified, i.e., no Iurh termination at RNC;
2)
femto horizontal connectivity remains as currently specified, i.e., no Iur termination at HNB.
(
These lead to the following conclusion: HNB-GW functions and inter-connection-possibilities of HNB-GWs have to be studied.
Proposed Assumption 2: The Study follows points 1) and 2) in this subsection and this will be captured in the TR [2].

2.3
Consideration of Architectures along horizontal and vertical possibilities for HNBs
This chapter lists possible 3G architecture-variants along the architectural dimensions “vertical connectivity” and “horizontal connectivity”, in order to gain a full picture and tries to visualise those variants. 

1:
Vertical connectivity (Iu, Iuh)

1.1:
Macro RNS connected to the CN directly via Iu.
1.2:
Femto RNSs connected to the CN via Iuh (HNB-GW connected).
1.2.1:
whereas interacting femto RNSs may be connected to the same HNB-GW (Rel-10)

1.2.2:
or via different HNB-GWs

2:
Horizontal connectivity (Iur, Iurh)

2.1:
Direct connectivity between HNBs 

2.1.1:
connected to the same HNB-GW (Rel-10 scenario)

2.1.2:
connected to different HNB-GWs

2.2:
Proxy connectivity between HNBs 

2.2.1:
connected to the same HNB-GW

2.2.2:
connected to different HNB-GWs

2.2.2.1: two Iurh proxy functions involved

2.2.2.2: a single Iurh proxy function involved

2.3:
Connectivity between macro and femto nodes via a proxy function

2.3.1:
single HNB-GW scenario (macro via Iur, femto via Iurh)

2.3.2:
two HNB-GW scenario (macro via Iur, femto via Iurh)

2.4:
HNB-GW connectivity

2.4.1:
for UE dedicated signalling

2.4.1.1: Iurh like

2.4.1.2: Iur like

2.4.2:
for inter-HNB-GW (e.g. configuration) signalling

2.4.2.1: Iuh like

2.4.2.2: Iur like

Depicting architectural variants for HNB scenarios:
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Figure 2.3-1: Architectural variants for HNB scenarios
Architectural variants for HNB scenarios are depicted in Figure 2.3-1:
A Macro RNS (UTRAN node) has two kinds of interfaces: a vertical interface (connection to the CN via Iu) and a horizontal interface (connection to the HNB-GW via Iur).

The same for a Femto RNS (UTRAN node): a vertical interface (connection to the HNB-GW via Iuh) and a horizontal interface (connection to the peer RNS via Iurh), either directly/via the HNB-GW to a femto RNS via Iurh, or via Iurh/Iur to a macro RNS via HNB-GW acting as Iurh-proxy and Iurh/Iur interworking entity.
Further, for any HNB-GW scenario, an architecture involving two HNB-GWs is possible, hosting Iurh-proxy entities.
In addition to the above, the interface between HNB-GWs can be considered. For UE-dedicated signalling, Iurh or Iur can be used, for non-UE-dedicated signalling, either Iuh or Iur can be used for exchanging configuration and other parameters.

2.4
Consideration of Architectures along horizontal and vertical possibilities for HeNBs
This chapter lists possible LTE architecture-variants along the architectural dimensions “vertical connectivity” and “horizontal connectivity” in order to gain a full picture and tries to visualise all possibilities. 

1:
Vertical connectivity (S1)
1.1:
macro eNB connected to the CN directly via S1-MME
1.2:
femto HeNB connected to the CN directly via S1-MME
1.3:
femto HeNB connected to the CN via the HeNB-GW (“S1-GW”)

If two HeNBs are interacting, then they may be 
1.3.1:
“S1-GW” connected to the same HeNB-GW (Rel-10)

1.3.2:
or connected via different HeNB-GWs.
2:
Horizontal connectivity (X2)

2.1:
direct connectivity between HeNBs (Rel-10)
With vertical connectivity options as shown above
2.2:
proxy connectivity between HeNBs 

2.2.1:
connected to the same HeNB-GW 
2.2.2:
connected to different HeNB-GWs

2.2.2.1: two X2 proxy functions involved

2.2.2.2: a single X2 proxy function involved

FFS: 2.2.3: does it make sense to consider a scenario where both HeNBs are directly connected to the CN, but the X2 proxy is situated in a HeNB-GW

2.3:
connectivity between macro and femto nodes via a proxy function

2.3.1:
single HeNB-GW scenario (both nodes X2 connected to the same HeNB-GW)

2.3.2:
two HeNB-GW scenario (each node is connected to its own X2-proxy)
2.4:
GW connectivity

always X2
Depicting architectural variants for HeNB scenarios:
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Figure 2.4-1. Architectural variants for HeNB scenarios
Architectural variants for HeNB scenarios are depicted in Figure 2.4-1:
Three types of E-UTRAN node should be considered:

1) macro eNB,
2) closed/hybrid HeNB, and 
3) open access HeNB.

A macro eNB is connected to an MME via S1 (vertical connectivity). A macro eNB can also connect to another macro eNB or HeNB node using direct X2 connectivity or and to a HeNB via a HeNB-GW acting as X2-proxy (horizontal connectivity).
A HeNB is connected either directly to an MME or via the HeNB-GW acting as a S1 proxy (vertical connectivity). A HeNB can also connect to another HeNB or macro eNB using either direct or proxy X2 connectivity (horizontal connectivity).

Further, for any HeNB-GW-scenario, an architecture involving two HeNB-GWs is possible, hosting X2-proxy entities.
In addition to above, the interface between HeNB-GWs is assumed to be X2 based.
2.5 
Inter-CSG enhanced mobility

Since macro eNB does not support the CSG function, the inter-CSG enhanced mobility only applies to H(e)NB-H(e)NB.

Target H(e)NB in closed access mode
The closed H(e)NBs are mainly deployed at home and enterprise. 

-
For home deployment: the home owner may grant access to his neighbour. When the neighbour visits the owner’s home, the UE is handed over from the neighbour’s H(e)NB to the “visited” H(e)NB. It is obvious that this type of mobility does not happen very often. Even if this HO occurs, S1/Iu HO can be used. It is not worthy to have enhancement for home deployment. 

-
For enterprise deployment: it may be possible that each department of the enterprise deploy their own H(e)NB, which is not shared with other departments. Each department’s H(e)NBs uses a different CSG ID. Some managers may be granted access to multiple department’s H(e)NBs. It is questionable whether the low number of managers who have access right to multiple departments’ H(e)NBs and their active mobility between departments justifies any optimisation. 

The benefit of inter-CSG enhanced mobility between two closed mode CSG H(e)NBs is questionable, especially when considering use cases like home- and enterprise deployment.
Target H(e)NB in hybrid access mode

According to TS22.220, the typical use case for hybrid deployment is a shopping mall. The member UEs (e.g. store’s employees) would have the priority for the access in case of high load situation in the H(e)NB cell, but all UEs would be able to benefit of the indoor coverage of the hybrid mode H(e)NBs. When the UEs are moving from one store to another store in the shopping mall, it would be beneficial to support mobility enhancement which would reduce the signaling load to CN, especially during the weekend or holiday when there are many users visit the shopping mall. 

The benefit for inter-CSG enhanced mobility procedures between two hybrid mode CSG H(e)NBs should be considered, as well as scenarios between macro (e)NB and hybrid H(e)NB.

Conclusion for closed and hybrid access mode H(e)NBs
Proposed Assumption 3: The inter-CSG mobility enhancements should not be considered for the scenarios in which the target H(e)NB is operating in closed access mode. The benefit of use cases enquiring this enhancement should be first clarified.
Proposed Assumption 4: The inter-CSG mobility enhancements should be considered for the scenarios in which the target H(e)NB is operating in hybrid access mode. Similar enhancement would be beneficial for the scenarios between macro cell and hybrid H(e)NB.
3
Proposal
In this paper it is presented a collection of architecture options and proposed that RAN3 should evaluate which of there alternatives should be supported in Rel-11 specifications either due to relevant use cases or because the solution does not require any extra work in addition to what is done otherwise due to relevant use case support.
It is proposed to discuss the content of this paper and to capture it in the TR [2].
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