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1 Introduction

During RAN3#61, two possible options for addressing support for macro-to-HeNB handover were discussed, for the case when the HeNBs are under a gateway [1,2]. This contribution summarizes the main points of the two options and highlights a third possibility.

2 Addressing options

Under normal circumstances, the elements included in HANDOVER REQUIRED can be used in a simple manner at different levels: (a) TAI for target MME routing; (b) Target ID for routing from target MME to target eNB; (c) container with target ECGI for actual cell resource preparation. However when a gateway is in use, the gateway IDs do not match the IDs of the specific cell (HeNB) to which handover is being attempted. Therefore, addressing in this case requires some additional changes or constraints. 

The following proposals were made at RAN3#61:

(a) Use of subnetting

In this proposal [1], all the HeNBs under a specific gateway share a common root address, and all eNB IDs with that common room are reserved for use under that gateway. For example, the first 18 bits could be the same for all HeNBs under a given gateway (allowing for a set of 1024), and the gateway itself has an address with the same 18 bits followed by 10 “zeros”. 

Addressing can be done at target MME by using the derived gateway ID as the target ID. In order to do this, the MME requires knowledge that certain ID fields correspond to HeNBs under gateways. This information could be provided at S1 setup.

The HeNB IDs cannot be set independently of the gateway and as a result, any change in configuration (moving gateway deployments, moving HeNB location) results in a potential change in HeNB ID. 

Further, the ID address space requires careful management to ensure that it is used efficiently (large block allocation to a gateway may not be used).

It should be noted that there is variant whereby the same information (gateway ID fields or list of gateways) is provided to the macro eNBs, and the macro (source eNB) can replace the derived gateway ID as the target ID. However this requires additional signalling to all eNBs in general.

(b) Use of TAI-Gateway ID mapping tables

In this proposal [2], all the HeNBs under a gateway belong to a TAI or set of TAIs such that no other eNB or HeNB in the network support any of these TAIs. Thus knowledge of any of the TAIs under a given gateway can be used to address the gateway.

To enable this, a mapping table TAI-Gateway ID address is sent to every eNB, and the eNB checks the existence of the target TAI in this table (assumed made available by ANR). If this is the case, then the eNB replaces the target ID (normally the target eNB ID) with the gateway ID obtained from the mapping table.

In addition to the restrictions on TAI assignment (and the fact that TAI must be set depending on gateway connectivity), this proposal requires the distribution of a mapping table which must be updated and redistributed after any reconfigurations in the TAI-Gateway relationship. Obviously, the size and maintenance requirements of the mapping table increase with the TAI granularity (number of TAIs).

Below another potential option is developed, as follows. This can be seen as a combination of the two above in that the processing is limited to the MME, but the TAI is used as a routing mechanism.  

(c) MME routing behaviour change

If it is assumed that as in proposal (b), the set of TAIs under a specific gateway is not reused elsewhere, then it is possible that a relatively simple change in MME routing behaviour will yield the desired effect.

In this case, assume that the source eNB sends a HANDOVER REQUIRED message including the selected TAI and the HeNB ID (target ID). For the general case where inter-MME HO is needed, the TAI is used to select the MME that serves the gateway in the usual manner. At the target MME, the normal behaviour will fail since the target ID is not known. However the target MME can simply do the following

(i) Check the target ID

(ii) If target ID is known, proceed as normal; if not, check TAI

(iii) If TAI is known (under the MME), check whether there is a unique eNB ID (actually the gateway) for that TAI (in other words all instances of a TAI map to a single eNB – a list of such unique mappings could easily be pre-prepared from the known eNB configurations)

(iv) If so, route handover messages to this eNB ID (rather than target ID) 

Note that a similar option had been discussed in [2], however at that point the TAI was not yet set as mandatory, and therefore different routing behaviours would result at the MME. However from above, the behaviour is in fact the same (also most processing would terminate at step ii). 

This could be further facilitated if, as in option (a), the gateway declares itself as such at S1 setup, since in this case the declared TAIs can immediately be set aside as pointing directly to a eNB ID. Another option would be to do this at S1 setup by indicating whether each declared TAI is exclusively used by the eNB (gateway). Note that this is not essential, it simply reduces the MME background processing.

Finally, the MME still has access to the true target ID and can therefore implement any white list checking if necessary.

3 Discussion and conclusions

Based on the above analysis, the main characteristics of each option are summarised below:

	
	Subnetting
	TAI mapping table in eNB
	MME routing

	HeNB ID assignment
	Not flexible (--)
	Flexible (+)
	Flexible (+)

	TAI ID assignment
	Flexible (+)
	Not flexible (-)
	Not flexible (-)

	HeNB routing impact
	No (+)
	Yes (-)
	No (+)

	MME routing impact
	Yes (-)
	No (+)
	Yes (-)

	HeNB distribution and update of configuration
	No (+)
	Yes (--)
	No (+)

	S1 setup modification
	Yes (-)
	No (+)
	Not essential ( )

	CSG checking at MME
	Possible (+)
	FFS 
	Possible (+)


Obviously no option is short of issues, but it looks like the “MME routing” option should at least be considered. It is proposed to capture this option in [3].
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