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1. Introduction

This contribution discusses the need for Proximity detection CSG measurement and Access rights management and the requirements for both legacy and Rel-9 mobiles to a CSG closed cell.
2. Discussion

In order for ICHO to be initiated there is a need to uniquely identify a CSG or Hybrid cell. There are many techniques (both old and new) which can do this by using some form of UE or combination of UE and network measurements. What we note is that ICHO to a h(e)NB is made up of three distinct phases:
· Proximity detection
This is needed in order to reduce UE battery consumption in cases where it is not close to the its h(e)NB.
Otherwise a UE would be performing Inter RAT or inter frequency measurements for its h(e)NB

· H(e)NB measurement (layer 1 measurement, PSC/PCI)
This is needed to reduce UE battery consumption otherwise the UE would have to read all BCCHs of potential h(e)NB

· Access rights confirmation
This is needed to ensure that the h(e)NB detected is allowed for this UE.

Proximity
Rel-9 UE based h(e)NB proximity

The UE in active mode can provide a h(e)NB proximity measurement on the active RAT without any network intervention:

· in GSM there are plenty of opportunities to perform measurements on the GSM layer and obtain a radio finger print

· in UMTS intra frequency measurements are readily available to obtain a radio finger print.

· in LTE intra frequency measurements are readily available to obtain a radio finger print.

There are of course other means such as GPS to establish proximity, but we think that this would increase costs of mobile equipment and of course reduce autonomy of the UE, so we discount this possibility.

Of course this functionality is new and only available for Rel-9 UEs.

The accuracy of UE based proximity is very much dependent on UE implementation and network deployement and can therefore vary significantly. We think that relying on the UE to do these measurements will cause unnecessary complexity in the UE and may not necessarily resolve the excessive network signalling caused by PSC/PCI confusion.

Legacy UE proximity

For legacy mobile support the proximity measurement needs to be network based and UE assisted.
Use case 1 (Ping pong handover CSG->macro->CSG)

So for legacy mobiles the network would have to provide some means of proximity. As outline in [1] we see that ICHO proximity can be implicitely assumed directly after a handover out of the hNB/heNB and for the use case 1 [1] there is very little effort to determine proximity. The ICHO in use case 1 can be assumed implicitely due to the fact that the CSG->macro handover occurred and information can be passed during the handover preparation phase to allow measurements of the CSG and to expidite the handover back to the CSG.

Use case 2 (Incoming handover from macro)

If this use case is deemed necessary for service reasons, the macro network would need to have some form of finger print measurement for the CSG/hybrid in order to reduce this.

The CSG/Hybrid the finger print can be obtained by the macro either via the O&M system or totally learnt by the macro network based off the OGHO from CSG.
Unlike use case 1 there can be no implicitely assumed access right for use case 2 it would seem that the macro layer would have to know the UE access rights to a CSG (i.e. knowledge of the allowed CSG list) and how to route to the h(e)NB.

Accuracy of network based proximity detection (legacy UEs)
The accuracy of proximity detection depends on the foreseen deployement density of h(e)NB. The denser the deployment then the more chance of PSC/PCI confusion and thus the accuracy needs to be better in order to reduce network signalling. Network based proximity can provide the necessary accuracy in order to reduce PSC/PCI confusion as the network is aware of the deployment scenario and can take measures to ensure that the proximity accuracy is appropriately provided. However, we think that this functionality is complex for the network to do and for use case 2, it is the only way to provide ICHO.
Not that: Intuitively, false PSC/PCI detections is propotional to the error in the proximity measurement and the density of the h(e)NB deployment.

Accuracy of UE based proximity detection (Rel-9 UEs)
Relying on a UE based proximity puts us in a situation where we have to determine an accuracy based on a predicted h(e)NB deployment which is of course unknown. In the worse case we will guess incorrectly what the accuracy should be, or we may specify an accuracy which is not possible for UEs to comply to or require GPS in order to fulfil the requirement, either way acceptance of a UE based proximity method may lead to an uncertain outcome once the real density of deployment is established. The only way will be to either require more accurate UE proximity detection or revert to a network based which can ensure via future means an accurate proximity.
Conclusion for proximity detection

Proximity can be based on measurements which do not need gaps as they would be based on intra frequency measurements. It is not expected that these measurements will be harmfull to battery life of the UE.

A network based scheme seems best as the network can ensure the accuracy using any means that the legacy has available. This however implies that the network can keep a finger print of the h(e)NB and knows the allowed CSG list of the UE. This is complex to implement in the network.
Adopting a UE scheme may lead to an uncertainty for the network (depending on h(e)NB deployement) and can not be fully relied upon if UE implemetations are not accurate enough in all network deployement scenarios.


H(e)NB measurement
After proximity has been established there may be a need to perform a basic measurement of the h(e)NB (PSC/PCI) to establish if it is worth to perform the confirmation of access rights. This would be deemed necessary for battery reasons.

	Moble is in dedicated mode on
	hNB
	heNB

	GERAN
	Layer 1 GAPS
	Layer 1 GAPs

	UTRA
	shared deployement: No GAPS

Inter freq: Layer 1 GAPs
	Layer 1 GAPs

	eUTRA
	Layer 1 GAPS
	Shared deployment: No GAPs

Inter freq: Layer 1 GAPs


As can be seen in most cases some form of GAP is needed for the UE to do this measurement.
Legacy UE h(e)NB Measurement

In use case 1 we have already proposed that the h(e)NB can pass the necessary measurement configuration to the macro network to perform the handover back to the h(e)NB. At least for this proposal proximity is implicit and no memory of the macro network is needed, it is provided by the h(e)NB.
For use case 2 however, the macro network would have to remember the measurement and configure it after proximity is determined. For this the macro needs to remember the measurement configuration of the h(e)NB.

Rel-9 UE h(e)NB measurement

The UE would have to remember the measurement to be performed. In the case of GERAN and eUTRA there should be sufficient GAPs (via DRX) to perform a Layer 1 measurement, this will depend very much on the on going service and in the LTE case the scheduler design. Nevertheless, it is possible that Rel-9 UEs can do this without network intervention. However, it is not so clear for UTRA and depends largely on what the on going service is, and the deployed RAB in the macro network.
Conclusion for h(e)NB measurement
For legacy UEs, the network would have to remember the h(e)NB Layer 1 measurement.
Rel-9 UEs would be able in most cases to perform a layer 1 measurement without network assistance so long as the UE capabilities, service and network deployement in the vicinity of the h(e)NB is consistent.


Access rights measurement
Once proximity and h(e)NB measurement is established we need to confirm whether the measured h(e)NB is actually the one that is allowed for this UE i.e. in the allowed CSG list.
Legacy UE Access Right measurement

In this case the network needs to address the h(e)NB belonging to the UE’s allowed CSG list. It seems obvious that the macro network would need the allowed CSG list for this purpose and needs to find some way to established that the address h(e)NB is actually the one measured on the radio interface. How do we do this?

Either we:

· get the h(e)NB to some how measure the UE

· Or get the UE to connect to and measure the h(e)NB

Albeit feasible, the h(e)NB could measure the UE given enough hardware capabilities, but we believe that the measuring the UE on GERAN, UTRA/eUTRAN for all future bands from the h(e)NB would (for commercial reasons) be prohibitive. So we discount this possibility.
This leaves the possibility for the UE to measure or establish that the measured h(e)NB is the right one. And for this many companies have proposed different legacy solutions: see Huawei’s proposal in document [2].

Rel-9 UE Access Right measurement

The table below shows the requirements for a UE based Access right measurement.

	Moble is in dedicated mode on
	hNB
	heNB

	GERAN
	GAPs (80ms?)
	GAPs(80ms?)

	UTRA
	shared deployement: No GAPS

Inter freq: GAPs (80ms?)
	GAPs (80ms)

	eUTRA
	GAPS (80ms?)
	Shared deployment: No GAPs

Inter freq: GAPs (80ms)


We note once more that for GERAN and eUTRA we should be able to have GAPs as long as the gap length is greater that 80ms. But for UTRA we are not so sure that it is even feasible from a radio perspective without another receiver or that the UE can do the measurement all by itself without some network intervention.

Conclusion Access Right measurement
Legacy mobiles need the network to establish that access rights exist using some form of UE based measurement. For use case 1 access rights can be implicitely understood. However, for use case 2 the network has to some how confirm that not only is the measured h(e)NB is the right one but also that the UE has the right to access the h(e)NB and for this the macro network needs the allowed CSG list.

Rel-9 UEs, need to perform the measurement, and for this gap is needed (80ms?) this will depend on service and deployed RAB on the macro network, but it is feasible to do. With the exception of UTRA even if there is network assistance (to provide gaps) we are unsure that the gap size needed are appropriate to the existing radio techniques..
3. Conclusion
As we can see ICHO has significant affects on both network and mobile. We believe that legacy mobile support should be supported as long as the complexity for the network is of an acceptable level and the solution covers the major use cases.

Furthermore we would like a common solution for all 3GPP technologies in order to reduce complexity for the UE and network and especially testing.

.
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