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1. Introduction
In RAN#47, RAN2 was given the following action [1], which should be completed before RAN#48 and responded to by LS in order to facilitate decision on whether a work item on ANR for UTRA is needed
The purpose of this contribution is to provide input to RAN2 to allow completion of this action and response to RAN by RAN2#70. 
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2. Discussion
Decoding and reporting of UTRA system information including cell identity in SIB3 was introduced in release 9 for the purposes of supporting handover to CSG cells where the primary scrambling code would not be sufficient to unambiguously identify the target cell. In principle this allows reporting of cell identity of intra frequency UTRA, inter frequency UTRA and E-UTRA target cells to the UTRA RNC which could then be updated to provide SON ANR functionality in the macro network, although this is not the purpose for which the reporting was originally specified. 
However, we believe that this approach has a number of disadvantages compared with a purpose designed specification solution for UTRA SON ANR, and while it may sometimes be attractive to minimise specification impacts by reusing existing functionalities for other purposes, we believe that in this case some additional specification work would be beneficial in order to ensure a SON ANR function with minimal user impact as requested in the action from RAN. First we identify some of the disadvantages of reusing CSG procedures and signalling for ANR purposes.
Autonomous gaps are required for system information decoding of inter frequency and inter RAT target cells. Although these have been a necessary compromise to facilitate handover to CSG target cells in release 9, it would seem desirable to reduce or eliminate the dependency on autonomous gaps for ANR purposes. A proposal for doing this is given in section 3, especially since the needed autonomous gaps can be significant [2]. Some of the disadvantages identified with reuse of CSG global cell identity reporting are listed below.
· As CSG handover is only supported to UTRA and E-UTRA cells, this does not provide any method for performing ANR of GSM cells. InterRAT ANR procedures for GSM cells were defined in E-UTRA and given the ubiquity of GSM networks it would seem highly desirable to have the possibility to automatically identify GSM neighbour relationships in UTRA ANR also.. 
· Reuse of CSG functionality for ANR creates an obvious feature dependency. Clearly, only UE supporting CSG handover can be used for ANR. Given that full CSG handover implementation involves quite significant other procedures (eg whitelist handling, access checking) it would seem desirable not to create such a dependency so as to ensure early availability of as large a population as possible of UE supporting ANR.  Although CSG handover is a release 9 capability, it cannot be made available in commercial products until it has been fully IOT tested, and there is a significant chance that a simplified release 10 ANR functionality could in practice have widespread commercial availability sooner than CSG handover. The key in achieving this would be to ensure as simple as possible UE implementation and minimal impact to UE performance. 

· In [2] RAN4 concluded requirements for reading and reporting CSG system information as TCSG-SI-Report = [630]+ 40*SIB3_REP and simultaneous requirement for interruption time of reception on serving cell of 600ms total time in the SI reading phase. Hence, it can probably be assumed that the impact on user experience from ANR SI reading caused by reusing CSG functionality is non-negligible. Given that CSG performance requirements were based on assumption of low UE speed at the handover, the situation may be even worse for ANR requests than for CSG SI reading requests, and some disruption to speech services could be expected.
· Power savings due to CPC are reduced by frequent or long duration ANR requests so there may be a significant power consumption disadvantage.
· Using features in a different way to which they were intended always creates some level of risk that unspecified or untested differences between implementations will cause future problems. For example, intra frequency CSG handover is normally implemented using a one stage procedure, where the UE is preconfigured with a range of scrambling codes in which SI decoding should also be performed. However, it is rather unlikely to be feasible to pre-configure such a range for SON ANR purposes (eg if the cells outside of the NCL are not  in a contiguous block) and so it might well be necessary to use a 2 stage procedure for intra-frequency, where the UE first reports a detected set cell unknown as a neighbour, and the network responds by configuring measurement to request SI decoding. While this 2 stage procedure would, in principle, be feasible for intra-frequency SI decoding, we should acknowledge that it may not have been exhaustively tested and hence there may be part of the population of UE supporting CSG handover which do not correctly support a slightly modified procedure. The discussion about one versus two stage procedures is only intended as an example, and there could be other ways in which implementations might differ, with no way to differentiate them based on their commonly reported CSG handover capability.
· There may be some difficulty in using SON ANR and CSG handover at the same time, if they are based on a single feature. For example, it might be necessary to prioritise between CSG handover and ANR so that both are not performed in parallel. Although there might be technical solutions to prevent such problems, or at least perform prioritisation of CSG SI decoding over ANR decoding if so desired, it is something which may at least need to be considered.
· It's not clear how inter-frequency ANR requests using CSG SI reading functionality can be triggered. The CSG handover preparation relies on proximity indication to trigger compressed mode for cell detection. It's likely that in most cases, there is no such trigger for ANR. Hence, ANR could only be performed when compressed mode is already active (e.g. during handover - edge of coverage). In this instance, it's likely that the SI reading request would be too long for the handover to complete successfully (or even SI reading to complete successfully) - and as a result the call dropped.

Considering these aspects, and assuming strong interest in SON ANR for UTRA as an important stand alone capability we think that it would be desirable to consider this as independent functionality from CSG handover capability, even if some of the functionality is common. We believe this would better facilitate the introduction of ANR with minimal user impact which is clearly important for the widespread commercial adoption of the feature.
Proposal 1 : RAN2 defines separate functionality for UTRA ANR purposes, either as part of TEI10 or a new work item, rather than only reusing existing functionality originally intended for CSG.
We think that the driver for RAN2 work should be to define low impact and well performing procedures, rather than to minimise the specification impact which is only a secondary consideration.
3. Reselection based ANR

In this section, we introduce a scheme which has lower user impact than CELL_DCH based decoding of the target cell’s cell identity. The scheme exploits mainly existing idle mode and CELL_PCH functionality to ensure that there is not an additional impact to UE battery life or autonomous gap interruption of ongoing services while at the same time ensuring that important information for ANR (including GSM inter RAT ANR) can be made available. 
To achieve this, detected set reselection would need to be enabled (in the cases that it is not already enabled already today) under operator control, and neighbour relationships could then be evaluated from the reselections which are then performed autonomously by the UE. If a neighbour relationship is a valid one, then inbound reselections from the neighbour cell, as well as outbound reselections to the neighbour would be expected to occur, and by collecting and analysing such information, automatic neighbour relations can be determined.

Considering first inter-RAT cases, the possibility to perform detected set reselection from both E-UTRA and GSM to UTRA frequencies without an explicit neighbour cell list already exists today in both 36.304/36.331 and 44.018 (SI2quater).  This means that when a UE performs reselection to a UTRA cell it may have come from a GSM or E-UTRA cell for which neighbour relations are not yet known in the network. By reporting the global cell-ID and physical cell parameters (eg PCI or  BSIC and ARFCN)  of the cell on which the UE was camped prior to reselection to the RNC after reselection, a missing neighbour relationship can be identified, or alternatively if no reselections are seen coming from a GERAN or E-UTRA cell which has established neighbour relations then it indicates a superfluous neighbour relationship which could safely be removed to optimise UTRA inter RAT neighbour size.
So internally to UE this information should exist (or can be readily) today, and the missing component is the reporting mechanism. As far as the reporting mechanism is concerned, one possibility would be to include such reports in RRC connection setup complete, Cell Update Complete, and URA Update Complete, which will normally be sent to the RNC after an inter RAT reselection as part of the routing area update / location update. This means that the information could be sent with low additional overhead (when the UE would likely be using cell DCH resources on the new cell after reselection anyway).

For UTRA intra and inter frequency idle reselections, there is currently not the possibility to perform detected set reselections without an explicit neighbour cell list. However, such an extension should be technically feasible similarly to what is possible today for inter RAT reselections to UTRA target cells. The benefit of allowing such a mechanism would be two-fold; it would facilitate similar reselection based ANR as in the inter RAT case, and it might also somewhat reduce the burden for the operator in providing accurate neighbour lists to idle UE (although this would still need to be provided for legacy UE). Explicit neighbour lists may be used, for example, in country border areas to prevent reselection to some unwanted target cells, so it also seems desirable to have some mechanism for disabling detected set reselections on a per cell basis. This would mean that detected set operation can be disabled in country border areas if desired, as neighbour relations might need special attention in these areas.

As the reporting of global cell ID and scrambling code of the previous cell would imply some additional extra power consumption for idle UE, and additional signalling overhead, it is proposed to greatly limit the impact by exploiting only UEs that are already in CELL_PCH or CELL_FACH state. These UE need to perform signalling procedures at any rate when they change serving cell, and the additional overhead of providing global cell identity and scrambling code of the past cell is therefore much reduced. 

It is important to note that in these cases the signalling would normally be performed on RACH. Since the Cell Update message which is sent by the UE on RACH is already close to filling the maximum transport block size, one solution would be that the UE sends Cell Update either exactly as it is today, or else with a one bit indication that when the reselection was performed, the target cell was not in the neighbour cell list. Then the RNC can determine (either from the 1 bit indication, or via C-RNTI) whether it is interested in extended information from the UE for the purposes of updating neighbour cell list, and an indication can be provided in the Cell Update Confirm message that a further RRC message (or included in Cell Update Complete) containing global cell identity, scrambling code and carrier frequency should be provided.
We believe there are several benefits of this approach
1. The UE already needs to know the global cell identity of every cell that it camps on in idle mode, CELL_PCH and CELL_FACH, so there is no power consumption or additional gaps from any extra system information decoding activity. In other words, the SI decoding part of this solution comes for free from a UE perspective.
2. Cell changes in CELL_PCH/CELL_FACH (or idle mode for inter RAT reselection) already trigger signalling activity so the additional power consumption penalty and signalling overhead of the reporting is small. In case of using cell update confirm to request additional information, the RNC can control whether an additional RACH ANR report is sent after a detected set reselection (eg to minimise additional RACH load during busy periods)
3. The specification impact appears to be relatively small, and the UE implementation impacts also appear minor, since it mainly involves reporting additional information about the previously camped cell which should already be known to the UE.

4. Since neighbour relationships are bidirectional, the provided information can be used to update neighbour relationships on both the source and target cell (especially for UTRA intra frequency and inter frequency reselections).
5. Inter RAT ANR, especially concerning GSM cells can be naturally supported without a significant amount of additional work.

Considering these benefits we propose that ANR specifications are developed for UTRA based on reselection methods.
Proposal 2 : If a work item for UTRA ANR is approved at RAN#48, or as part of TEI10, RAN2 should develop necessary aspects to support reselection based ANR reporting to provide ANR functionality (including inter RAT ANR functionality) with minimal impact to UE performance or signalling load.
4. Conclusions

This contribution provides analysis on UTRA ANR and introduces two proposals

Proposal 1 : RAN2 defines separate functionality for UTRA ANR purposes, either as part of TEI10 or a new work item, rather than only reusing existing functionality originally intended for CSG.
Proposal 2 : If a work item for UTRA ANR is approved at RAN#48, or as part of TEI10, RAN2 should develop necessary aspects to support reselection based ANR reporting to provide ANR functionality (including inter RAT ANR functionality) with minimal impact to UE performance or signalling load.
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