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1
Introduction
At RAN3#73bis and during the email discussion that followed, several solutions were discussed for macro-femto X2 handover and in particular one solution where an X2 proxy is standardized and one solution where no X2 proxy is standardized.

This paper first shows the current lack of definition of this X2 proxy in all papers, then it compares the benefits an X2 proxy could bring, before concluding.
2
Description of the two solutions
2.1
Definition of the X2 proxy option
There can be different flavours of X2 proxy and there is some confusion in the definition. It is important to note that there are three questions that need to be answered before any analysis or comparison can be performed:

Q1/ will X2 proxy exist as a stand-alone network element or as an optional feature added on top of  the S1 HeNB GW?

If an X2 proxy can exist as stand-alone node, this means a new X2 HeNB GW independent of an S1 HeNB GW, therefore a new network element which can be optional deployed and new OPEX for the operator. We therefore assume as it seems from most contributions presented so far, that the implicit assumption is that an X2 proxy would only be deployed on top of the S1 HeNB GW i.e. as an additional new feature of an S1 HeNB GW when this S1 HeNB GW is itself deployed.
Assumption 1: to be confirmed that the X2 proxy discussed in the SI is an optional feature added within the S1 HeNB GW when deployed.

Q2/ will macro eNB or HeNB when X2 proxy-connected have no other direct X2 connections?
Assuming conclusion 1 is confirmed, one cannot assume that as soon as the macro eNB connects to one HeNB under an S1 HeNB GW, all other HeNBs connecting to this macro eNB would connect to the same S1 HeNB GW. So this means that either the macro eNB needs to traverse two X2 proxies, or at a minimum may use alternative X2 proxy as follows:
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In order to avoid this complexity in the definition of the X2 proxy, it is simpler to assume that a macro eNB can have both connections via an X2 proxy (and possibly several) and direct X2 connections.
Similarly, and independent of conclusion 1, any X2 proxy will have a “border line” of HeNBs’ connections and the HeNBs at the border will have neighbour HeNBs not connected via this X2 proxy (otherwise the X2 proxy would have no limit). As a consequence, one can also conclude that some HeNBs will need to have both connections via X2 proxy and direct X2 connections.

Assumption 2: some eNBs and HeNBs will need to have both connections via X2 proxy and direct X2 connections. 
Q3/ is connection via an X2 proxy fully transparent to an eNB or HeNB i.e. same as if direct X2 connection is used?
Another topic eluded to so far, is the transparency of X2 connections. Even if the X2 proxy is not the equivalent of the DeNB relay function, the connection via X2 proxy is not fully transparent and has a functional impact.
For example, even if an eNB/HeNB only has X2 proxy connections, it will discover many neighbours which share the same IP address (the one for the proxy). Therefore the legacy ANR mechanism cannot be used without change in that eNB/HeNB.

Moreover, because some eNB/HeNBs will have a mix of neighbours via X2 proxy and via direct X2, they will need to support a mechanism to learn if they must use the IP address of the X2 proxy or an individual IP address of this individual neighbour.

Finally, the X2 common procedures will be affected in the eNB/HeNB. If there is a change in the node, will only one eNB Configuration Update need to be sent or multiple? In the first case, the X2 proxy becomes complicated because it has to memorize the neighbours dynamically. In the second case the X2 proxy is simpler, but one can challenge its usefulness since the source eNB/HeNB will send N times eNB Configuration Update messages, as if direct connections were used. Which implies that the X2 proxy is actually an IP proxy.
Assumption 3: an eNB/HeNB connecting via the X2 proxy will not have the same behaviour as if only direct X2 connections were used i.e. an eNB/HeNB will need to be upgraded for the “connection via X2 proxy” feature.
2.2
Comparison of the benefits brought by an X2 proxy
Two scenarios are being considered, high density areas such as shopping malls, and sparse density areas aiming to enhance coverage.
Scalability

For sparse density areas, there are not many HeNBs under the coverage of the macro eNB and direct X2 is sufficient. The direct X2 also provides shorter delays compared to an X2 proxy function between the eNB and the HeNB. So there is no need of X2 proxy. 
For high density areas, an S1 HeNB GW can be deployed due to the high number of HeNBs which would need to connect to the MME. 
However, even if one or several hundreds of HeNBs can be under the coverage of an eNB, this doesn’t necessarily   mean a lot of connections to this overlay macro eNB. If we take the example of an enterprise network, a first handover can take place in the entrance hall, but then all subsequent handovers will be from HeNB-HeNB. Similarly for the mall scenario the vast majority of handovers will be HeNB-HeNB and a minority near the entrance/exit and near the windows. Moreover it has been shown in [1] that there is no problem for the eNB to support several tens of X2 connections. Overall, the necessity of an X2 proxy in that scenario has not been proven.
Impact on the MME

It must be noted that the signalling load to the MME is not less because an X2 proxy is used compared to direct X2. This is an orthogonal factor.

eNB impact
Macro eNBs already support an X2 Setup function. It is not like in 3g where macro to femto handover should not affect the macro RNC which is only capable of statically configured Iur. Therefore in LTE, in case only direct X2 connections are used, there is no upgrade necessary to enable an eNB to dynamically manage multiple X2 Setups and Releases.

On the contrary, there will be an impact on the eNB if an X2 proxy is enabled because the eNB must interwork with an X2 proxy function, as shown in section 2.1. 
HeNB impact

The HeNB will likely need to support direct X2 connections in addition to connections via an X2 proxy as shown in section 2.1. The HeNB will have to discover how to connect to a new neighbour. Enabling the use of X2 proxy is thus not transparent to the HeNB and will have an impact on the HeNB as shown in section 2.1.
IOT Issue

An HeNB may need to be tested with as many X2 proxy vendors as there are macro eNB vendors. So the multi-vendor aspect is the same in both cases. However, for X2 proxy it is a new function which will need to be implemented and tested. In addition, it will be necessary to check that the introduction of an X2 proxy doesn’t impact the existing support of direct X2, in particular since both modes are likely to co-exist in the same node as shown in section 2.1.
The following table summarizes the comparison of enabling the use of X2 proxy by standardization compared to only use direct X2 connections:
	
	Standardizing X2 proxy
	Not standardizing X2 proxy

	Scalability
	Achieved
	Achieved

	Impact on MME load
	Same
	Same

	eNB impact
	Bad: new interworking with X2 proxy, new neighbour discovery*
	No change

	HeNB impact
	Bad: new interworking with X2 proxy, new neighbour discovery*
	No change

	IOT issue
	Bad due to testing of a new function with multiple vendors + checking no impact on existing functions*
	No change

	Specification impact
	Yes*
	No change

	O&M impact
	Yes at minimum to define if X2 proxy mode of operation is enabled*
	No change


* severity depends on the definition of the X2 proxy which is still to be done according to the questions raised in section 2.1.

The table shows that the advantages of standardizing an X2 proxy (for scalability and MME load impact) have not been proven.
On the contrary it appears that standardizing an X2 proxy will inevitably firstly impact specifications, then eNB implementations, HeNB implementations, and consequently lead to more complicated IOT testing compared to if only the direct X2 option is kept.

3
Conclusion and Proposals
This paper has shown that no evidence has yet been demonstrated on the need for an X2 proxy feature, even optionally on the S1 HeNB GW.

Moreover it has shown that X2 proxy will bring additional complexity up to a level which is unknown due to the current lack of precise definition of this X2 proxy.
Proposal 1: it is proposed to continue the study on the X2 proxy aspect of Macro - HeNB HO with a low priority starting first by defining what is envisioned by the X2 proxy and in particular to answer the questions raised in section 2.1.
Proposal 2: it is proposed to separate this LTE Macro - HeNB X2 proxy aspect from the rest of the Study Item in order not to block/delay the other aspects.
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