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1
Introduction
In RAN2#68 it was argued that reporting of H(e)NB system information by the UE without an explicit request (AKA 'autonomous reporting'), even if the information was already available in the UE, was an optimisation + not critical for the inbound handover to H(e)NB procedure. Additionally, the UE reporting that a PCI/PSC triggering a measurement event was a likely member cell was also argued to be an optimisation. As a result, the agreed stage 2 behaviour was removed from the specification for Release 9, however this was not yet ruled out for Release 10. 
In our understanding, despite providing significant improvements to the overall handover procedure, the reason why it was not agreed in Release 9 was in order to simplify the procedure in order to enable completion of the work item. Given that we now have the basic procedure in place, and that the work item is still open, we would like to reconsider the use of autonomous SI reporting in Release 9 rather than making improvements only in Release 10.

 In this paper we discuss the implications of removing both of these features, and present again the benefits of allowing such behaviour for Release 9 UEs. 
2
Current procedure
The current procedure for inbound mobility measurement reporting consists of 3 main stages. 
1. Proximity report. 

UE sends an indication to the network that it may be in close proximity to a member H(e)NB Cell. Network may configure inter/intra freq measurements (in UMTS case compressed mode may also be enabled, if required according to UE capability) 

2. Reporting of detected PSC/PCI

UE reports any PSC/PCI meeting the report criteria (e.g. triggered measurement event, detected cell in case of periodic report, etc). At this point, in case PSC/PCI confusion exists in the network, the NW does not know a) which cell has been reported or b) if the UE is a member of that cell. However potentially the UE may already know this (e.g. having already obtained SI of the reported cell).

3.  Reporting of member status, CGI/Cell Identity. 

In order to uniquely identify the cell, and to obtain the UE membership status, the information the UE has read from a H(e)NB cell must be reported. The SI reading may be performed at any time (i.e. in parallel to steps 1 and 2, or following the explicit request to report the information) however the report can currently only occur following an exlicit request from the network.
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Figure 1: The 3 main stages of the CSG inbound mobility measurement reporting

The above 3 steps, in order to successfully complete a handover to a H(e)NB cell with PSC/PCI confusion, must always be performed, regardless of UE capability. Furthermore, the above 3 steps must always be performed even if the UE is not a member of a particular CSG. This means that in both the successful and unsuccessful preliminary access check case additional (and sometimes unnecessary) signalling is required, introducing delay before handover and increasing the load on the network. 

The exception is the UMTS intra-frequency case, where it is currently possible to "pre-configure" the UE with a range of PSC for which the UE can already perform SI reading, and report the relevant information along with the PSC meeting report criteria. 

3
Potential improvements
3.1
UTRA Intra-frequency case
As mentioned above, in the UTRA intra-frequency case it is already possible to pre-configure a range of PSC which the UE is required to report additional SI information (if aquired) when reporting the measurement criteria has been met (e.g. event 1d) for a HNB cell. 
Since it is possible for all UE to be able to read system information from an intra-frequency HNB cell in parallel to serving cell service reception, all UE should be capable of reporting the additional information within a given time, assuming that the radio conditions are suitable to do so. 

The main benefit of this, is that the handover preparation phase delay is significantly reduced, because 1 uplink and 1 downlink message can be avoided (that is measurement control to request SI, and measurement report to report SI) because the SI can be reported already in the report containing detected PSC.

It is also possible for the network not to configure this range of PSC for SI reporting, and explicity request the SI for any reported PSC. The benefit of doing this seems to be quite limited, and in the intra-frequency case where the handover timing is more critical (due to risk of radio link failure / interference) it is desirable that the handover preparation phase is as quick as possible.
3.2
UTRA Inter-frequency case
For the inter-frequency case, handover preparation time is less critical, as it is predicted that in most cases the handover will not be due to coverage reasons.
As such, it was argued in RAN2#68 that autonomous SI reporting was not essential for asuccessful handover. 

Hower what this does mean, is that all UE must be explicitely requested to read SI for every strongest HNB cell reported, in case the cell is a member cell. This would result in numerous unnecessary requests (measurement control, SI reading, measurement report). The likely indicator was one method to attempt to reduce the number of requests, but with this also removed from the procedure there is no way to reduce the number of reports. 

In Rel-8, there are several features which, depending on the UE capability, will enable the UE to perform SI reading of inter-frequency cells in parallel to serving cell reception (e.g. a dual-reciever UE). It makes sense that a UE with such additional capability may use this to improve the overall performance of the system. If the UE indicates such capability, then it should be possible for this UE to obtain SI already, before reporting PSC to the network. If the UE has the information already and the measured cell is a member CSG/hybrid cell for the UE, then there should be no restriction on that UE from being able to report the information. This reduces the signalling load on the network and reduces overall handover preparation time.
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Figure 2: The UTRA inter-freq. CSG inbound mobility Meas. Rep. with Autonomous SI Reporting
Inter-frequency SI Acquisition list could be provided either in step 1 or step 3 above. If provided in step 1, then steps 2+3 need not be performed in case the UE is able to autonomously acquire and report SI. 
Proposal 1: If the UE has the capability to perform SI reading of inter-frequency cells parallel to serving cell reception, and if the UE is able to obtain SI for a UTRA inter-frequency cell, then the UE should be allowed to report this information along with detected PSC, in case of member CSG/hybrid cell of the UE. 

3.3
E-UTRA Intra-frequency case
E-UTRA intra-frequency case it is already possible for the UE to utilise natural periods of DRX to perform measurements, and to aquire the system information from a HeNB cell which the UE believes it may be a member of. 

In this case in particular, the handover delay is quite critical, since interference from the HeNB cell can easily cause radio link failure on the source cell. If the UE must always be explicitly requested to report SI, then this additional signalling could make the difference between success and failure of the handover procedure. 

If the UE has the capability and enough periods of natural DRX then it could potentially avoid requiring the extra signalling of the network requesting SI, by already providing the information in a measurement report when available. If the UE has acquired SI through natural periods of DRX, then it could have the information already when the PCI is reported - including the SI information in this report avoids the additional signalling and delay in performing an explicit request and response procedure. This will improve the handover reliability as the handover delay is reduced.
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Figure 3: The E-UTRA intra-freq. CSG inbound mobility Meas. Rep. with Autonomous SI Reporting
It was noted that SI validity could be an issue, however we believe the same issue exists even with the explicit request, as long as the UE is allowed to aquire the SI in advance of an explicit request. So we see no reason that this explicit request cannot be avoided if the UE already has the information + is able to report this. 

Proposal 2: If the UE is able to obtain SI for an E-UTRA intra-frequency cell, then the UE should be allowed to report this information along with detected PCI in case of member CSG/hybrid cell of the UE. 
3.4
E-UTRA Inter-frequency case
E-UTRA inter-frequency case it is already possible for the UE to utilise natural periods of DRX to perform measurements, and to aquire the system information from a HeNB cell which the UE believes it may be a member of. 

In this case, the handover delay is less critical than the intra-frequency case - however if the UE must always be explicitly requested to report SI, then this additional signalling causes an uneccesary burden on the network, if the UE could have provided the information already. 
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Figure 4: The E-UTRA inter-freq. CSG inbound mobility Meas. Rep. with Autonomous SI Reporting
If the UE has the capability and enough periods of natural DRX then it could potentially avoid requiring the extra signalling of the network requesting SI, by already providing the information in a measurement report when available.

Proposal 3: If the UE is able to obtain SI for an E-UTRA inter-frequency cell, then the UE should be allowed to report this information along with detected PCI in case of member CSG/hybrid cell of the UE. 

4
Conclusion
In this paper, we have looked at the benefits of the UTRA inter-frequency case, which is currently more efficient from a system perspective than any of the other cases. We have also shown that in many cases, there is no reason why the other cases cannot be equally as efficient - this is particularly important for E-UTRAN Intra-frequency HO delay reduction.
By agreeing the following proposals, we can significantly reduce the network load, reduce the delay before handover, and for the intra-frequency case we can significantly increase the chance of successful handover.
Proposal 1: If the UE has the capability to perform SI reading of inter-frequency cells parallel to serving cell reception, and if the UE is able to obtain SI for a UTRA inter-frequency cell, then the UE should be allowed to report this information along with detected PSC in case of member CSG/hybrid cell of the UE. 

Proposal 2: If the UE is able to obtain SI for an E-UTRA intra-frequency cell, then the UE should be allowed to report this information along with detected PCI in case of member CSG/hybrid cell of the UE. 
Proposal 3: If the UE is able to obtain SI for an E-UTRA inter-frequency cell, then the UE should be allowed to report this information along with detected PCI in case of member CSG/hybrid cell of the UE. 
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