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1 Introduction 

Generally, it can be said that the smaller the cell, the higher number of cells there are and hence greater the need of auto configuration. Therefore, independent of the HeNB deployment scenario, see ‎[5], auto configuration of HeNB-s and functionality to support HeNB-s in the surrounding network of eNB-s shall be considered as basic functionality without what the HeNB-s would not fulfil their intended role.

One important aspect of such auto configuration functionality is to provide sufficient information for MME-s (and HeNB Gateways if deployed to provide aggregation of S1-C interface instances from HeNB-s towards MME pool(s)) to perform routing of S1-handovers to correct target-eNB or target-HeNB. As the handover target is selected based on the measurements performed by the Ue, different methods based on cell and/or (H)eNB identity are discussed in this paper. Although the functional needs of and the solutions for routing of S1 handovers are primarily discussed in this document considering the network with HeNB-s
, the same solution could also solve similar problems in network without HeNB-s where the eNB-s do not have functioning X2-C relation as described in ‎[4].
2 Problem description and proposed solution
2.1 Routing of S1-handovers based on eNB-ID
There are two options if the routing of S1-handovers would be based on eNB-ID:

1) each (H)eNB has been configured by operation and maintenance support system (OSS) with

a. all of the neighbour eNB-ID –s;

b. mapping of global cell identifiers (CGI) to eNB-ID –s.

2) CGI contains the eNB-ID and the (H)eNB retrieves the eNB-ID from the CGI.

Option (1) above could be considered reasonable option to handle handovers from HeNB cell to eNB cell provided that the HeNB is aware of its neighbour eNB –s. However, the opposite is more questionable due to frequent (HeNB user controlled) shut-downs that could put the OSS and the eNB –s under sever re-configuration strain. The eNB capacity to hold the above mentioned configuration data of HeNB –s in its coverage area could also put undesirable HeNB deployment limitations.
The eNB-ID for the HeNB-s configured in the eNB shall be the one of HeNB Gateway in case the HeNB Gateway is used to aggregate the S1-C interface instances from HeNB –s towards MME pool(s). That means that the routing of S1-handovers in the HeNB Gateway requires also CGI and hence would not be identical to the routing in MME.
The routing of S1-handovers could be relatively straightforward in case part of the CGI contains eNB-ID as described in ‎[4] provided that the HeNB Gateway does not provide aggregation of S1-C interface instances from HeNB-s towards MME pool(s). The problem with this approach is that if the HeNB Gateway hides the HeNB-s from the MME –s by aggregating S1-C interface instances from HeNB-s towards MME pool(s) then the MME is unaware of the eNB-ID –s behind the HeNB Gateway. That could be solved sub-netting the eNB-ID space, i.e. an MME does not need to have S1-C established to an eNB with strictly defined eNB-ID but it’s sufficient if an MME is connected to an eNB that represents subnet. Consider that the eNB-ID space is 27 bits and the following example:

The eNB-ID of an HeNB is:

110 11111001 00111011 11000001

The HeNB Gateway used eNB-ID is:
110 11111001 00000000 00000000

The MME has S1-C setup towards HeNB Gateway but not towards HeNB.  The MME has to assume that all the eNB –s that have “subnet id” 110 11111001 would be behind the eNB that has “subnet id” 110 11111001 and do the routing based on “subnet id” instead. This, however, is not the behaviour expected of an MME in case network with eNB-s only and could lead to dropped calls. 

Although “subnet id based routing does not necessarily impact S1AP, see ‎[3], it could still be considered as violation of the HeNB Gateway transparency principles as in this case it’s the MME that has to be aware of the HeNB Gateways as there is no other reason to use “subnet id” based routing.
2.2 Routing of S1-handovers based on CGI
If the routing of S1-handover is solely based on CGI, while the eNB-s report their respective cells with CGI to the MME at S1 Setup or S1 Information Update, the auto configuration aspect is solved. Also it would enable the HeNB Gateway to behave as “normal” eNB towards the MME except that it may have thousands of cells. That means that the HeNB Gateway reports cell identifiers to MME-s for all HeNB-s that it provides S1-C aggregation. The HeNB Gateway itself receives this information from HeNB-s once those set up S1-C or trigger S1 Information Update to HeNB Gateway. Provided that the max number of cells that the eNB could report to MME is updated to consider also the requirements of HeNB Gateway performing aggregation of S1-C interface instances towards MME pool(s), this solution would solve both auto-configuration and HeNB Gateway transparency requirements.
3 Conclusion and proposal
Based on the discussion in chapter ‎2, the most promising solution is the routing S1-handovers based on CGI where the reported number of cells per eNB depends on the number HeNB-s and HeNB Gateway could perform S1-C interface instance aggregation.
Therefore we propose that 

a) routing of S1-handovers is based on CGI; and

b) the number of cells an eNB could report should also consider the number S1-C interfaces that an HeNB Gateway could aggregate. 
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