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1
Introduction 
This document discusses the implementation of the X2-proxy function for macro-to-femto mobility. It summarises the principles (chapter 2), shows how the overall scenario may work (chapter 3), confronts the positive aspects with some of the assumed (chapter4), and gives a conclusion (chapter 5).
2
Design Principles
Basically, there are two main possibilities to design X2-connectivity via the HeNB-GW for macro-to-femto mobility:

-
either: the peer macro-eNB aware of any single femto node connected to the HeNB-GW

-
or: hiding femto network structure from the X2-connected peer macro-eNB
Looking at the current design princple for S1-connectivity via the HeNB-GW, the obvious advantage is given by the fact, that the multitude of HeNBs, S1-connected to the HeNB-GW is hidden from the MME. The awareness of the existence of HeNBs is only given implicitly, like the cell structure of a macro eNB is not known by the MME per se.
In case of S1-based HO, the routing is based on the TAIs broadcasted by the HeNBs. Whenever an MME has no entry in its node-ID related routing tables it performs routing based on TAIs as announced by the HeNB-GW at S1 Setup/eNB Configuration Update.

Likewise, the design of the X2-proxy solution could foresee that the macro eNB “sees” the HeNB-GW as a node to which all X2-based handovers with target cells broadcasting a special TAI can be routed.
The alternative to exchange between the macro eNB and the HeNB-GW-connected HeNBs all relevant data (as done between directly connected (H)eNBs) is possible with today’s protocol means for up to 256 reported own cells. The range could of course be extended to cater for much more cells “owned” by the HeNB-GW or by using multiple X2 interfaces, but the question would be whether it is really desired that a macro eNB needs to deal with this magnitude of neighbours – this is a question of scalability and effordable impact to an installed base of macro nodes.
In the following chapter, X2 Setup, X2 handover and global procedures is investigated to get a first impression of whether respective mechanisms could work well and which kind of protocol changes would be possible.
3
How the X2-proxy approach works

3.1

The peer macro eNB is aware of any single HeNB behind the GW
3.1.1
X2-Connectivity Principles
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Figure 3.1.1-1: proxy X2-Connectivity with the eNB being aware of all HeNBs behind the GW.

The figure above tries to depict the macro eNB’s awareness of the HeNBs under the coverage of the macro cell it controls.

When the HeNB-GW contacts the eNB for setting up X2 connectivity between it and the first HeNB, it gets full knowledge of all the properties of this HeNB. For further HeNBs, their properties are then signalled via the X2 eNB Configuration Update procedures. This means that each HeNB X2 connectivity to a macro eNB requires a separate X2 signalling activity from the HeNB up to the macro eNB. 
One other peculiar thing is that the E-CGIs of the femto cells to not match with the eNB-ID of the HeNB-GW.macro eNB. This is something new for the macro eNB to learn.

Another thing is that the macro eNB, like with any HeNB directly connected to it, is getting aware of any change to the status or configuration of each HeNB connected to it.

Each X2AP supports this kind of proxy X2-connectivity only up to 256 HeNBs under a HeNB-GW regime. If the number of HeNBs under the HeNB-GW is greater than 256, then multiple IP addresses are required in the HeNB-GW for X2 interface, i.e. each IP address supports up to 256 HeNBs under a HeNB-GW regime. 
3.1.2
X2-Setup
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Figure 3.1.2-1: X2 Setup between an eNB and 2 HeNBs via an X2-proxy.
1.
HeNB3 detects a new (non-CSG) cell (E-CGI1) and decides to setup X2 towards the serving eNB1. 

2.
It initiates an eNB Configuration Transfer procedure towards the higher up node to which it is S1-connected (in this case the HeNB-GW).

3.
The HeNB-GW doesnt have any info on the macro node’s X2 TNL address and forwards the eNB Configuraiton Update towards its higher up node to which it is S1-connected.

4.
The MME knows the eNB1 (as it is S1-connected) and sends an MME CONFIGURATION TRANSFER message to it.

5.-7.
eNB1 returns its X2-TNL address, the MME (6.) is able to route the transfer procedure based on the TAI and finally the address info reaches the requesting HeNB3 (7.), whereas the HeNB-GW would need to memorise the X2-address of eNB1 and then changes the X2-address into its own, so that the HeNB3 receives as X2-address of the HeNB-GWs for X2 connectivity.
8.-9.
SCTP assocations are setup between the HeNB-GW and eNB1 and the HeNB-GW and HeNB3

10.
The HeNB3 starts the X2 setup towards the HeNB-GW, indicating cell E-CGI1 as neighbour. The procedure is logically terminated at the HeNB-GW.
11.
The HeNB-GW starts another X2 setup procedure to continue the setup of X2-connectivity towards the eNB1, indicating its own eNB-ID2 and E-CGI1 as neighbour info.

12.-13.

The eNB1 and HeNB-GW respond with the HeNB-GW memorising the X2-connectivity data (X2 adr1, eNB-ID1, E-CGIs served by the eNB, etc.).

15.-17.

Any further X2-address request from other HeNBs for X2-connectivity towards eNB1 will be responded by the HeNB-GW without forwarding the request via the MME towards the eNB1.

18.
An SCTP assocation is setup between the HeNB-GW and HeNB4

19.
-22.
The X2-setup between the new HeNB4, as shown, is performed directly with the HeNB-GW, whereas the respond is only sent, if the X2 Configuration Update between the HeNB-GW and the eNB1 is performed successfully.

3.2
HeNBs X2-connected to the HeNB-GW hidden from the macro eNB

3.2.1
X2-Connectivity Principles
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Figure 3.2.1-1: proxy X2-Connectivity - the eNB not being aware of each particular HeNB.

The macro eNB is not aware of the HeNBs connected to it via the HeNB-GW to every detail.

It gets known to the HeNBs S1/X2 connected to the HeNB-GW only by the TAIs (and optionally also by the PCIs) those X2-connected HeNBs broadcast (use).

The figure above tries to depict the macro eNB’s awareness of the HeNBs under the coverage of the macro cell it controls: for any routing action from the macro eNB towards the GW, the macro eNB relies on the range of TAIs broadcasted by the proxy X2 connected HeNBs (and PCIs used) only.
Any other, not proxy-X2 capable HeNB would need to use another TAI (range) in order to distinguish itself from the “cloud” of proxy-X2-connected HeNBs.

X2AP does not support this kind of connectivity so far and protocol changes are necessary.

3.2.2

X2-Setup

[image: image4.emf]eNB1

(adr1)

HeNB3

(adr3)

HeNB-GW

(adr2)

5.S1:eNB CONFIGURATION 

TRANSFER

(HeNB ID3, TAI3, eNB ID1, TAI1, 

adr1)

2.S1:eNB CONFIGURATION 

TRANSFER

(eNB ID1, TAI1, HeNB ID3, TAI3)

6.S1:MME CONFIGURATION 

TRANSFER

(HeNB ID3, TAI3, eNB ID1, TAI1, 

adr1)

7.S1:MME CONFIGURATION 

TRANSFER

(HeNB ID3, TAI3, eNB ID1, TAI1, 

adr2)

3.S1:eNB CONFIGURATION 

TRANSFER

(eNB ID1, TAI1,HeNB-GWID2, 

TAI3)

4.S1:MME CONFIGURATION 

TRANSFER

(eNBID1, TAI1, HeNB ID3, TAI3)

1. HeNB3,at start up, S1-connects to its HeNB-GW and gets info 

from overlaying macro eNB1, contacting the HeNB-GW to get 

connected to it.

MME

HeNB4

(adr 4)

14. HeNB4at start up, S1 connects to 

the GW,  detects E-CGI1

10.X2: X2 SETUP REQUEST

(HeNB ID3, E-CGI3, 

neighbour info: E-CGI1)

11: X2: X2 SETUP REQUEST (eNB ID2, new: TAI3 (optionally PCI3))

12: X2: X2 SETUP RESPONSE (eNB ID1, E-CGI1 and other served cells)

13.X2: X2 SETUP RESPONSE

(eNB ID1, E-CGI1 ff)

15.S1:eNB CONFIGURATION TRANSFER

(eNB ID1, TAI1, HeNB ID4, TAI4)

17.S1:MME CONFIGURATION TRANSFER

(HeNB ID4, TAI4, eNB ID1, TAI1, adr2)

16. HeNBGW has already X2 connectivity data from 

eNB1 and responds back to HeNB4 accordingly.

19.X2: X2 SETUP REQUEST (HeNB ID4, E-CGI4, Nbr: E-CGI1)

20: X2: X2 CONFIGURATION UPDATE REQUEST 

(sent if to be added: TAI4 (optionally PCI4))

21: X2: X2 CONFIGURATION UPDATE RESPONSE ()

22.X2: X2 SETUP RESPONSE (eNB ID1, E-CGI1 etc)

No X2 connection

8. setup of SCTP association

9. SCTP assoc setup

18. SCTP assoc setup


Figure 3.2.2-1: X2 Setup between an eNB and 2 HeNBs via an X2-proxy.
1.
HeNB3 detects a new (non-CSG) cell (E-CGI1) and decides to setup X2 towards the serving eNB1. In the course of S1 Setup it could get the X2-proxy address already and setup the SCTP association (to be further checked, not shown)
2.-9. like in Figure 3.1.2-1
10.
The HeNB3 starts the X2 setup towards the HeNB-GW.

11.
The HeNB-GW starts the X2 setup towards the eNB1. Only HeNB3’s broadcasted TAI and optionally used PCI(s) are provided. 

Note:
For this, a new IE is needed within the X2 Setup signalling messages, while ignoring existing IEs.
12.-19.
like in Figure 3.1.2-1
20.
If HeNB4 broadcast a TAI different from the one broadcasted by HeNB3 the eNB1 is informed. (Optionally in case of a different PCI used by TAI4. By this the eNB could learn the actual range of PCIs used by the HeNBs proxy-X2-connected to the HeNB-GW)
4
Discussion of those various possibilities
Including the possibility to directly connect a eNB and a HeNB, there are 3 possibilities of X2-connectivity. Each of those possibilities deserve consideration dependent on to which extent related signalling and required processing effort is wished to be optimised and of course to which extent one wishes to keep - or allow to modify - existing X2 signalling. Also deployment considerations should be taken into account.
Direct X2 connection between eNB and HeNBs
+
setup of X2 connectivity follows existing schemes, for sure useful in case of limited deployment of HeNBs in one eNB’s area, even the numbers of logical X2 connections would be bear-able by eNBs up to a certain maximum number, however
-
there is for sure a connectivity limit that might be soon reached in case of massive femto deployment. macro eNBs might not be prepared for this kind of deployment.
X2 connectivity via an X2 proxy, HeNBs behind the GW seen by eNB
+
setup of X2 connectivity follows existing schemes
+/-
eNB needs to deal with femto network details, which might not be a big deal in case numbers of HeNBs behind the GW is limited, however, changes in HeNBs’configuration would be fully visible to the “macro world”.
-
In case the numbers of HeNBs behind the GW is greater than 256, then multiple IP addresses are required in the HeNB-GW for X2 interface. 
X2 connectivity via an X2 proxy, HeNBs behind the GW hidden from eNBs view
+
eNB doesn’t need to deal with femto networks details, releases the eNB from keeping vast amount of entries in the neighbour database (whereas the UE would need to anyhow perform SI acquisition due to PCI confusion), changes to HeNBs’ configuration kept hidden from “macro world”
however this has to be bought by:

-
necessary X2AP protocol changes (neighbour info shrinked to list of TAIs) and related changes in eNB behaviour (routing based on TAI).

We believe that in case of intensive deployment of femto nodes with the requirement to X2-connect them to macro nodes due to expected high volume of mobility signalling the implementation of an X2-proxy is beneficial.

We do also believe that it would make sense to look at schemes where the HeNBs behind the GW are hidden from the macro node’s view.

5
Conclusions

In this contribution, we provided an insight into stage 2 and stage 3 implementation details for an X2-proxy solution. Our proposals are:
Proposal 1: The X2 based handovers between the HeNB and eNB directly connected to the same MME should be supported by means of an X2-proxy function residing in the HeNB-GW.

Proposal 2: if agreeable, the X2-proxy function should be designed in a way that the HeNBs served by the HeNB-GW are hidden from the X2 connected macro eNB in order to ease interworking with the femto system. 

Proposal 3: Includes Section 2-4 in the TR 37.803 [1].
Reference
[1]

TR 37.803: Mobility Enhancements for H(e)NB
3GPP
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