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1   Introduction 
This contribution presents and analyzes the different solutions for femto-to-femto enhanced mobility in various deployment scenarios for LTE. The different scenarios are presented in Section 2. Section 3 discussed the issues needing further investigation. Section 4 concludes the paper by summarizing the main proposals.
2   Description and Analysis of the deployment scenarios
2.1   Both HeNBs are HeNB-GW connected via S1 and X2-proxy resides in that HeNB-GW
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Figure 1 - Both HeNBs GW connected via S1, X2-proxy via that GW
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.

One possible benefit for X2 via GW is to reduce the IOT effort. This may not be obvious for enterprise deployment, since we would expect an enterprise to usually use 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. 
An X2 proxy function is expected to be rather introduced for the macro-femto mobility scenario. Once introduced, we see no reason why not to allow its use for the femto-femto scenario as well, but this is FFS. If X2 proxy is agreed for HeNB-HeNB mobility enhancement, we may need to consider the inter-release deployment. It is possible that the operator may deploy both Rel-10 HeNB and Rel-11 HeNB, but it is unclear whether the enterprise or shopping mall deploys both Rel-10 HeNB and Rel-11 HeNB. If this is needed, 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. This may not be an issue. It is possible to specify related schemes in a way that the HeNBs should not see any difference between the connectivity options, just like the 3G case.

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: The deployment of mixing Rel-10 HeNB and Rel-11 HeNB with X2 for mobility enhancement should be clarified. 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   Only one HeNB is HeNB-GW connected and the X2-proxy resides in that HeNB-GW
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Figure 2 - One HeNB-GW connected, X2-proxy via that GW

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. 

2.3   Both HeNBs are HeNB-GW connected via S1 and X2-proxies for the HeNBs reside in the respective HeNB-GWs
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Figure 3 - Both HeNBs GW connected, X2-proxy for each GW at that GW where it is S1 connected

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. 

2.4   Both HeNBs are HeNB-GW connected but the X2-proxy resides in only one of the HeNB-GWs
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Figure 4 - Both HeNBs GW connected, only single X2- proxy

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.

2.5   Both HeNBs are MME connected and the X2-proxy resides in a HeNB-GW 
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Figure 5 - Both HeNBs MME connected, X2-proxy via a GW

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. 

3   Areas requiring further study to support femto – femto enhanced mobility

· How to setup X2 between HeNB and HeNB-GW?

Is HeNB preconfigured with HeNB-GW’s X2 IP address, then HeNB initiates X2 setup? Or by other ways?

· How does a Rel-11 HeNB interact with a Rel-10 HeNB?
· Does the X2-proxy in the HeNB-GW acts similar as the X2-proxy in DeNB?

· How does the source HeNB determine whether X2 HO can be used for a specific UE?

· …
4   Conclusion and Proposals
In this contribution, we presented and analyzed different deployment variants for the femto-to-femto mobility case. To summarize, our proposals are:

Proposal 1: The typical use case of HeNB with a high number of neighboring HeNBs requiring X2 proxy function should be clarified before proceeding with the specification work.

Proposal 2: The deployment of mixing Rel-10 HeNB and Rel-11 HeNB with X2 for mobility enhancement should be clarified. 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.
Proposal 3: The interest to support the deployment variant in which one HeNB-GW is connected, and the X2-proxy is via that same HeNB-GW, should be clarified in RAN3.
Proposal 4: The interest to support the deployment variant in which both HeNBs are HeNB-GW connected, each HeNB is S1 connected to a HeNB-GW and each HeNB-GW includes the X2-proxy functionality for the HeNB to which is S1 connected, should be clarified in RAN3.
Proposal 5: The deployment variant in which both HeNBs are HeNB-GW connected, and only one HeNB-GW acts as X2- proxy should be explicitly ruled out (the X2 connectivity via GW should always follow the S1 connection of the HeNB).

Proposal 6: The deployment variant in which both the HeNBs are MME connected and the X2 proxy is via a HeNB-GW should be explicitly rule out. 
Proposal 7: Include Section 2 and 3 in the TR 37.803. 
5   Reference

[1] RP-110456: "Proposed SID: Further enhancements for HNB and HeNB", Alcatel-Lucent, TSG RAN#51, March 2011.

[2] TR 37.803: Mobility Enhancements for H(e)NB















































































































































































































































































































3GPP


_1373893472.vsd
HeNB-GWA


MME


S1-MMEA


HeNBA


HeNBB


S1-MMEB


S1-GWA


HeNB-GWB


X2



_1373893493.vsd
HeNB-GW


MME


S1-MMEA


HeNBA


HeNBB


X2


S1-MMEB



_1373893503.vsd
HeNB-GW


MME


X2


S1-MME


HeNBA


HeNBB


S1-GWB


S1-GWA



_1373893482.vsd
HeNB-GWA


MME


S1-MMEA


HeNBA


HeNBB


HeNB-GWB


S1-GWB


S1-MMEB


X2



_1373893430.vsd
HeNB-GW


MME


S1-MMEA


HeNBA


HeNBB


S1-MMEB


S1-GWA


X2



