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1 Introduction

The work on HNB and HeNB is ongoing in several WGs, where different deployment scenarios are being considered.

There are some challenges applicable to each particular case (e.g. camping of legacy UEs in HNBs is permitted, whilst for HeNB this situation does not exist). Nevertheless, the HNB/HeNB mobility has to provide a reliable user experience that is somewhat independent of the deployment.

This paper describes & proposes a general mechanism to be used for HNB/HeNB idle mode (re-)selection. This proposal is based on an already agreed method for HNB, but extends it to further scenarios and HeNB as well.
2 Macro-cell signalling

There are potentially many ways to optimise the mobility from macro cell to H(e)NB – reselection parameters are the usual tools to achieve such goals. However, those tools always assume an upgrade to the macro cells, with the consequent increase in operator investment. Note that for reliable user experience & system operation, the same parameterisation would have to be made available on all RATs (GERAN+UTRAN upgrade is required). In addition, due to the uncoordinated deployment nature of the H(e)NBs, this upgrade would be required throughout the operator macro network.
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Figure 1 - H(e)NB deployment
There are also some technical issues with such parameterisation that need to be considered:

a) Parameter limitations: as the take-up of H(e)NBs increases, it becomes impractical for the macro-cell signalling to be optimised for each neighbouring H(e)NB (e.g. due to PCI reuse). Therefore, it is questionable whether signalling such parameters will provide any substantial optimisation, except in the initial deployment phase where there are very few H(e)NBs.
b) Parameter tuning (assuming that the issues of a) are overcome): The tuning of those parameters is required on a continuous basis due to the uncoordinated nature of H(e)NB deployments (e.g. user moves the location of HNB in his/her home).

c) Frequent Inter-RAT reselections: parameters made available only in E-UTRA cells (e.g. some intra-E-UTRA frequency reselection parameters) may cause ping-pong between different RATs. This would mean that the mechanisms used to overcome the issues in a) and b) would be required in all RATs.

d) For legacy mobiles there is no way to selectively configure the cell reselection parametrisation in order to minimise the impact on terminals not interested in H(e)NB usage at all.

The issues raised above are, in our opinion, quite significant. Therefore, the mobility solution should be allow for the UE to discover and reselect to a H(e)NB without any modifications to macro cells (either relating to H(e)NB discovery, or to H(e)NB-specific reselection parameters) while allowing UEs not interested in the usage of H(e)NBs to stay to the most extend unaffected.

This 'unsupported' UE autonomous operation has already been agreed for mobility from UTRA macro-cell to HNB ([1]), and the Stage 3 CR is under discussion for this meeting ([2]). In addition is has also been agreed as the principle for interworking towards E-UTRAN HeNBs and is captured in the stage3 (36.304) already. However, the issues above mean that it should also be extended to Inter-RAT operation (36.304 and 45.008), and also applied for H(e)NB mobility.
Summary of benefits of UE autonomous H(e)NB discovery and reselection:

1. UE consistent behaviour across all RATs

2. No upgrade required to macro UTRA/E-UTRA network.

3. No upgrade required to GERAN network
4. Non-CSG UEs unaffected

Proposal 1: UE autonomous operation is the baseline procedure for mobility to the HNB and HeNB, applicable in intra-RAT and inter-RAT mobility.
Note that proposal 1, does not preclude any additions to the CSG cell system information. These are required for e.g. broadcasting the CSG indicator, CSG ID. Proposals to extend the UE autonomous search are in [5].
It is also useful to provide the user with some method of triggering the CSG selection. This could be useful, for example, for the first time the H(e)NB is accessed where it may take a while until the UE has found the CSG cell (scanning of all frequencies and all RATs is required, as well as reading of each found cell system information). It may also be useful for SoHo deployments where the UE has not had a chance to optimise the CSG location searching mechanism. The E-UTRAN stage 3 already covers this procedure, further details are proposed in [6].
Proposal 2: Manual CSG selection operation is supported for HNB and HeNB.
3 Is some macro-cell signalling useful?
The actual camping is performed when the CSG ID is read from the system information of the target H(e)NB cell, with the associated current drain from processing & receiver operation.

The more information the UE has in advance of the CSG selection, the more current drainage can be limited. Therefore, the benefits of the PCI reservation are should be evaluated in more details also considering the proposed introduction of the “intra-frequency reselection indicator” concept for the best ranked non-allowed CSG.
This does not preclude the usage of further UE implementation specific methods, which would be required anyway independently of whatever reselection/selection method is used (e.g. home location identification, to limit the amount of searches performed).
Proposal 3: (RAT + Carrier Frequency + )PCI/SC reservation is optionally indicated in the macro-cell of the same RAT. Inter-RAT is FFS.
The PCI/PSC reservation also gives the operator some flexibility in the deployment. For example, if the reserved PSCs are removed from the UTRA macro cell whitelist, the UEs with empty CSG whitelist would never attempt reselection to CSG cells. This would not completely prevent the attempt of such UEs to camp on CSG cells (by PLMN selection or cell selection), but it would significantly minimise any impact to signalling (LAU/RAU) and associated current drain for UEs. The signalling could also be significantly optimised since the configuration of the SC/PCI reservation does not required a fine granularity and at max. 70 .. 100 PCI per PLMN should be sufficient per carrier/per PLMN.
However, the operator still has the choice of keeping the reserved PSCs in the macro whitelist. 
4 Carrier Sharing
RAN4 is currently attempting to address the interference issues from HNBs (interference from adjacent channel and co-channel cases). A method is under discussion, proposed by various operators and co-sourced by several interested companies, where the HNB will vary its Tx power depending on measured co-channel and adjacent channel macro and HNB cells. By doing this, the HNB in essence tries to find a compromise between interference and HNB coverage.
Details on the proposed method and standardised procedure can be seen from [3]and [4].

This proposed method also has an impact to the RAN2 assumptions for carrier sharing cases. The variation of CPICH Tx power of the HNB will also vary the region where the Scriteria of the CSG cell will be met. This would be consistent for the UE autonomous CSG selection, where the Scriteria of the CSG cell must still be met, as shown in Figure 2.
The H(e)NB power adaptation will always affect at least Ec/No (or RSRQ for E-UTRA), due to the limiting of the Tx power of data channels. The CPICH RSCP (or RSRP for E-UTRA) is also affected, depending on the Tx power adaptation method of the H(e)NB.

It’s important to recap that methods that rely on macro-cell parameters will suffer the consequences highlighted in 2, therefore the carrier sharing cases should also be based on UE autonomous operation.


[image: image2]
Figure 2 - CPICH Tx power and Scriteria variation

Proposal 4: The baseline for Idle mobility in carrier-sharing cases, also relies on UE autonomous discovery and selection.
5 Conclusion

The issues and solutions discussed above, present an overall method for Idle mobility towards CSG cells where the impact to the macro network (GERAN + UTRAN + E-UTRAN) is minimised. This will decrease the need for Inter-RAT coordination and macro network upgrade, thus benefiting CSG deployments.

The solutions proposed describe a system that operates autonomously and can be deployed in an uncoordinated manner (UE autonomous selection + HNB Tx power adaptation = autonomous CSG system). In order to achieve this, we propose the following:
Proposal 1: UE autonomous operation is the baseline procedure for mobility to the HNB and HeNB.
Proposal 2: Manual CSG selection operation is supported for HNB and HeNB.
Proposal 3: (RAT + Carrier Frequency +) PCI/SC reservation is optionally indicated in the macro-cell.
Proposal 4: The baseline for Idle mobility in carrier-sharing cases, also relies on UE autonomous discovery and selection.
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