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1. Introduction
In RAN#47, the WI on ANR for UTRAN was approved in [1]. 
Work item objective is as follows:

To specify the ANR feature for the following scenarios:

· Intra-UTRAN case 

Including intra-RNS and inter-RNS case; the latter is limited to the case where it can rely on existing Iur connections between the two RNCs
· Inter_RAT case

Essential scenarios: both UTRAN to GSM and UTRAN to LTE

For RAN2 part, the following tasks are described:

RAN2: 

· Define the required UE support for ANR
· End user perceived impacts including throughput and power consumption, UE and NW complexity, shall be considered.
· Contribute to the stage 2 description to cover the required UE & radio procedures
· Specify  changes to stage 3 specification under RAN2 responsibility

It’s fairly clear that the RAN2 part of the work is to define the UE procedures necessary in order to report additional information about unknown neighbour relations to the network in order that the network can establish the relation. 

In this paper, we discuss the next steps that need to be taken in RAN2 to meet the above objectives and completion of RAN2 tasks. We focus on the 2 main aspects of RAN2 work:
· What to report

· How to report
2. Discussion
2.1 What to report
The work item is intended to cover UTRAN ANR for both the intra-UTRAN case (intra-freq, inter-freq and inter-RAT cases (both GERAN and E-UTRAN).

A reasonable working assumption would be that for some of these cases, the UE needs to be capable of reading/storing/reporting information obtained from the neighbour cell’s system information such as cell identity. Furthermore it’s not anticipated that anything is required to be reported from a cell that is not obtainable from system information or from physical measurements (e.g. NAS information received in connected mode is assumed not to be needed). This is not only because it’s not clear that any of this information ( e.g. context specific) would be useful for establishing neighbour relations, but also since reporting such information might be quite challenging in an ANR scenario.
Proposal 1: Use the working assumption that RAN2 ANR procedure shall consist of UE reading/storing and reporting information obtained from System Information and/or physical measurements of a neighbour cell. 

Potentially, the UE can report from system information any information elements deemed beneficial to support the various ANR use case– some examples of the information that may be considered are listed below: 
UTRAN Cells:

· Cell ID
· UARFCN
· PSC
· CSG ID
· PLMN ID
· LAC/RAC
· RSCP, Ec/Io
E-UTRAN Cells
· CGI
· EARFCN
· PCI
· CSG ID
· PLMN ID
· TAC
· RSRP, RSRQ
GERAN Cells
· Cell identity
· ARFCN
· PLMN ID
· LAC/RAC
· RSSI 
· BSIC
The specific information that is beneficial to the network depends on the solution(s) chosen by RAN3 – therefore before making any decisions in RAN2 on exactly what information is reported, RAN3 should be consulted.
Proposal 2: Indicate in an LS to RAN3 that the UE should be capable of reporting information obtained from System Information and/or physical measurements in order to support ANR, and ask exactly what information is beneficial to be reported from the UE to support ANR.
2.2 How to report
Based on the above working assumption in proposal 1, it should be possible to progress on the method for how to report the information from system information, independently of exactly what is reported. 

So far, the discussions have been focused around 2 alternative solutions. 

1) Extension of the SI reading procedure defined in Rel-9 for inbound handover to CSG cells (see [2], [5])

2) Idle/CELL_PCH/CELL_FACH reselection based reporting (see [3], [4])

Clearly, in order to make sure that the ANR feature is available in as large a population of devices as possible, and that it can be taken into use easily by networks and operators, we must consider the UE and NW complexity, and the impact to throughput and power consumption. This is indicated in the work item objective. In this section of the paper we analyse the 2 solutions discussed previously in terms of complexity and end user perceived impact.
2.2.1 Complexity
In previous RAN2 discussions, it has been suggested by some companies that solution 1 has minimal impact to UE and NW in terms of complexity, compared with other proposed solutions. However, critical to this appears to be the assumption that the UE and networks have already implemented CSG related procedures and completed IOT testing, and that the procedure can be easily ported from testing in the femto inbound handover scenario to the macro ANR scenario without significant problems. 
In order to make a practical analysis of the 2 solutions, we should start with the baseline assumptions that

a) ANR procedure is treated as an independent feature of CSG SI reading

On one hand, the CSG feature may have already been implemented and tested – however, if UE indicates support of Rel-9 SI reading, it should not be assumed that the feature automatically works for the ANR scenario. Testing would have been quite limited to the CSG scenario and it’s extremely likely that the ANR scenario requires different test conditions. Hence not all of the potential IOT issues may have been identified. For example the CSG procedure would only be activated once the UE indicates proximity to the home cell. In principle, the ANR procedure needs to be activated at any time, and under completely different activation trigger conditions. Furthermore, there is no guarantee that a procedure that has been tested under femto/home deployment scenarios will automatically work correctly for the macro deployment case – at least without further testing and tuning – for example the optimal timeout for giving up on a failed ANR SI decoding attempt would be likely to be very different than SI decoding for inbound handover purposes.
Equally, if the SI reading feature was to be implemented and tested for the ANR specific scenarios, it should not be assumed the SI reading will automatically work without further testing and tuning for the CSG/femto case.
b) UE and NW may not have already fully tested the Rel-9 CSG feature

Even though the CSG SI reading procedure is a Rel-9 feature, and ANR is a Rel-10 feature, this doesn’t automatically mean that the features are implemented and tested in the same order. Especially given that there is a significant impact to existing NW deployments and extensive testing needed in order to support inbound handover to CSG cells, we feel that a release 10 ANR procedure which is simple for UE and network implementation could be available in a shorter timeframe . This assumption depends on the priorities set in UE and network implementation roadmaps, but we can safely assume that an ANR procedure which reuses procedures from CSG inbound handover will not be available before CSG inbound handover is rolled out. In other words, even if we treat the features independently, there would be some degree of dependency for ANR on the CSG feature in practise.
Building on these baseline assumptions we move forward with a more realistic and complete analysis of the 2 solutions. 

2.2.1.1 UTRA Intra-frequency case: 
It’s possible that for many intra-frequency cases, the information currently reported in a measurement report (PSC, RSCP, Ec/Io) may be sufficient to establish missing neighbour relations. However, should additional information be needed from the system information of neighbouring cells, our analysis is that there is not much difference in complexity for the 2 solutions. This is due to the fact that it should be possible for the UE to obtain intrafrequency system information in CELL-DCH state without autonomous gaps -  this is already done for example for obtain SFN timing information to report, so it seems UE impact in order to support reading and reporting of other information is quite limited, and mainly relates to RRC signalling changes. Furthermore, it’s possible for the NW to preconfigure a range of PSC for which the UE should attempt SI reading and reporting, or to configure SI reading for any detected set cell wich is identified  – the procedure does not need to be activated based on proximity indications or reported PSCs triggering SI reading for a specific cell. The description of the intra-frequency SI reading is shown in Figure 1.
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Figure 1: UMTS intra-freq SI reading (from [5])
Similarly, a solution based upon detected set reselection has only a small impact – it means that UEs activated with performing ANR based on existing reselection criteria only need to implement additional RRC signalling in order to report the information from a previously camped on cell. Clearly the cell would only be reselected if it became the highest ranked, so reselection  based ANR can automatically constrain the reporting to cells which are good likely handover/reselection candidates, and as such should most likely be added to the neighbour cell list.
Conclusion: No major advantages of one solution over another. 

2.2.1.2 UTRA Inter-frequency case: 

For the inter-frequency case, things become a lot more complicated when considering the CSG procedure, shown below in Figure 2.
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Figure 2: UMTS Inter-freq + Inter-RAT SI reading (from [5])
First of all we have the need for autonomous gaps which would have impact to throughput or speech quality. In addition to clear impacts to service and performance, which we will return to in the next section, there are also a significant impacts to UE and NW implementation, to NW implementation, and as a result of this extensive testing would be required to ensure that the feature can work without disruption to the existing network, and that no unanticipated problems are found 
In addition to the complexities introduced by autonomous gaps, we also have the issue of triggering of the procedure. Clearly, a member CSG proximity indication is of no use for triggering ANR. We would need to consider how and when NW triggers interfrequency SI reading and autonomous gaps. In principle this could be left to NW implementation, however from a UE point of view it would be extremely risky to enable a feature which has a significant negative impact to the end-user and can in principle be activated very often without understanding or control of the trigger conditions. With the CSG procedure, it’s possible for a well designed UE implementation to limit this impact via the quality of UE proximity indication to ensure that autonomous gaps are only used when the UE is in close proximity to the home cell. For ANR SI reading in CELL_DCH, the UE doesn’t have this option - a standardised ANR trigger would need to be defined and there would need to be limiting behaviour defined. 

One of the possible triggering options for ANR would be to enable detected cell reporting for inter-frequency. If the reporting of detected cells triggered frequent ANR requests, it’s likely that a UE would limit/stop the reporting of detected cells in order to preserve power and reduce impact to the ongoing service. If detected cell reporting is needed for other reasons, we should be careful that this doesn’t cause significant negative impact to the UE by supporting this feature. . Moreover, since compressed mode would be a prerequisite for detected set reporting, and as this is typically only enabled when reaching the edge of coverage of the serving frequency, performance aspects of the SI decoding procedure might need to be considered in the ANR context separately from the CSG scenario.
One more point to note is the significant amount of signalling needed in order to finally obtain the SI report. While this may be acceptable to support the case when a user is in close proximity to his allowed CSG cell – performing such signalling procedures, including gaps in service, to support ANR is far less attractive than it already is for the CSG case.
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Figure 3: UMTS Reselection based ANR
For a reselection based procedure, similar to that shown in figure 3, no autonomous gaps would be needed in CELL_DCH state, therefore we do not need such extensive testing to ensure that these do not cause significant damage to the ongoing service and disruption to the network – procedure would not impact ongoing service as it would only be triggered when UE is in idle, or semi-idle states (FFS). This means that the SI reading part of the procedure comes entirely for free – UE already reads the system information as a necessary part of camping on a cell, therefore only needs to store and report SI that it has obtained anyway through its normal operations.
The triggering is also readily achieved already by use of existing reselection thresholds. The additional complexity would come from enabling detected cell reselection for inter-freq (something which may turn out to be less challenging in the Idle/semi-idle states than in CELL_DCH compressed mode gaps due to the greater time available for measurements of other frequencies). 
We also think RRC signalling impact is also likely to be simpler with a reselection based method. The simplest implementation could be to set 1 bit in System Information which enables supporting UEs to perform detected set reselection, and the UE sending the a few additional IEs to the newly reselected cell in e.g. Cell Update Complete. This avoids any need for sending multiple measurement configurations and handling multiple reports, in order to obtain ANR information.
Conclusion: Reselection based ANR solution is significantly simpler then the CELL_DCH based SI reading solution for both UE and NW implementation.
2.2.1.3 E-UTRAN Inter-RAT case: 
The analysis of the E-UTRAN inter-RAT case is very similar to that of the UMTS inter-frequency case, in that the CSG procedure is the same as in Figure 2 ( so we have quite extensive RRC signalling impact, in terms of amount of signalling, amount of testing – also we have autonomous gaps impact and triggering issues). 
For the reselection based method, we have an additional advantage, in that reselection from E-UTRA to UTRA may already be performed to detected set cells. Therefore in addition to the SI reading coming for free, there is no impact to reselection procedures at all. The only impact is to enable additional IEs to be reported to the UTRA cell after reselection from E-UTRA, which would be needed anyway for the intra-UTRA procedure 
Conclusion: Reselection based ANR solution is significantly simpler than the CELL_DCH based SI reading solution for both UE and NW implementation.
2.2.1.4 GERAN Inter-RAT case: 
Currently there is no procedure defined for autonomous gap SI reading for GERAN target cells, therefore we would need to define the procedure and the additional measurement configuration and reporting. It is our assumption that the procedure would need to be similar to that used for UTRA decoding of E-UTRAN SI.
Similar to the E-UTRAN reselection case - reselection from GERAN to UTRA is already performed to detected set cells. Therefore, the only impact would be to enable additional IEs to be reported to the UTRA cell after reselection from GERAN. 
Conclusion: Reselection based ANR solution is significantly simpler than the CELL_DCH based SI reading solution for both UE and NW implementation.
2.2.2 Minimising impacts to service and UE performance

Autonomous gaps are used for system information decoding of inter frequency and inter RAT target cells for CSG inbound mobility. 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 and thus to avoid their more extensive use in the future.
From an ANR perspective, we note that the target is to optimise neighbour relationships in the future rather than to complete handover, and if one UE fails to decode the target SI successfully, then another UE may well be able to provide information to update the neighbour relationships at a later time. As such, the tradeoff between acceptable user impact and SI decoding success rate seems quite different for ANR purposes than for CSG inbound handover.
To recap, the CSG SI reading procedure has several signficant problems with regards to service and performance especially when applied to ANR:
- Service interruption time:

Given that CSG performance requirements in [2] 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. For the CSG the overall interruption to service can be up to [600ms] according to the requirements in TS25.133 -> a clear impact to the user. While the end user may come to understand and accept a minor glitch to speech as part of the handover procedure to his own home cell, this is harder to explain or accept when there is no immediate explanation as to the cause of the interruption from the end user perspective.
- Power saving:

Power savings due to CPC are reduced by frequent or long duration ANR requests so there may be a significant power consumption disadvantage.

- Triggering
It's not clear how inter-frequency or inter-RAT ANR requests using extensions of CSG SI reading functionality could be triggered. The CSG handover preparation relies on proximity indication to trigger compressed mode for cell detection, and in the majority of cases, this is under non-coverage limited conditions. 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) and assuming a detected set cell is reported.  In this instance, it may be challenging to perform SI reading. Even if SI reading is possible, the frequent triggering of SI reading requests from a UE point of view is not acceptable – in the CSG case it’s possible for a good UE implementation to limit the amount of SI requests to occur only when the UE is in close proximity to a CSG cell, and the change of a successful handover is high (i.e. there is a clear benefit to the end user, and the disruption to service is limited). For the ANR case, it appears that the only way to guarantee limited impact to the end user is to disable the feature. 

For the success of the ANR feature and the success of detected cell reporting for other purposes, it is desirable to use a solution with very limited impact to the end user. This would ensure a larger population of UEs would support the feature, by minimising the risks from the UE manufacturer perspective.
A proposal for minimising impact to service and UE performance is given in [3]. The proposal exploits 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. 

We believe there are several benefits of this approach

1. The UE already needs to know the global cell identity, and other information broadcast on BCCH, 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. As mentioned in the previous section - 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 (e.g. to minimise additional RACH load during busy periods) 

3. The specification impact appears to be relatively small, and the UE and NW 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 could 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.

With the reselection based solution, we should also be careful to consider power consumption. If there is a noticeable impact, this would also be a totally unattractive feature for the UE implementation. The triggering of such a procedure has several options, some of which can limit the amount of ANR reporting the UE needs to do, and in particular to limit/eliminate uneccessary reselections and failed registration attempts which have an impact to UE power consumption:
- Could be performed by all ANR UEs entering CELL_PCH or CELL_FACH or idle mode (highest impact to power consumption
- Could be performed only when explicitly requested by the network (e.g. with a bit in system information). This enables the NW to control when ANR is performed + it’s expected that this would only be needed for a limited amount of time in a particular area, until sufficient data is collected on neighbour relations.
- Could be performed only by a selection of UEs (e.g. using a probability, similar to MBMS counting, or performed only under certain conditions)
- Can be limited only to specific frequencies, scrambling codes etc.

- Could be left as a best effort service for UE implementation to decide. Eg a UE could stop reporting after it had exceeded its budget of ANR reports, or once the battery has become lower.
It should be noted that a reselection would only take place when the new cell meets reselection criteria – if the neighbour relation is a valid one then this is a reselection which would take place anyway once the relationship is established. 
Conclusion: The reselection based ANR solution has significantly less impact to user service, compared to the CELL_DCH based SI reading solution. Furthermore it can be carefully designed in such a manner to avoid significant impact to power consumption than the SI reading solution. Due to this it can be concluded that the cell-DCH SI reading based solution is totally unattractive from a UE point of view, and in order that the ANR feature is successful and usable, and to ensure that a larger population of UE support the feature, then we must focus on solutions with less impact to service and performance such as the reselection based approach.

Proposal 3: RAN2 should focus the work only on UTRAN ANR on procedures performed in Idle and/or PCH and/ or FACH states. 
4. Conclusions
In summary, we believe that it is possible for a UE to provide additional reporting from neighbour cell’s system information and that RAN3 should determine exactly what information is needed to establish missing neighbour relations. 

Furthermore, we can conclude that use of a reselection based method for ANR has significant benefits over a CELL_DCH SI reading based approach

· It is considerably less complex for both UE and NW point of view since SI reading is always performed during reselections
· A simpler means it is more likely that the feature will be available much earlier, and in a larger population of devices.

· It has significantly less impact to service as percieved by the end user

· Avoidance of SI reading requests using autonomous gaps means there is no impact to the ongoing service – when compared to use of autonomous gaps which has a clear and noticeable impact this makes it much more attractive for the UE to provide ( or much less unattractive )

· It has less impact to power consumption

· If designed with power consumption in mind, we can keep the benefits provided by e.g. CPC by avoiding performing SI reading, while limiting any additional/uneccesary reselections due to invalid neighbours ( e.g. at country borders)
With these conclusions in mind, it appears that the CELL_DCH SI reading solution is significantly less attractive from a UE point of view, and requires more effort from all involved in order to make the feature commercially available. As such we should focus our efforts on a much simpler solution with less impact to the user. 

Proposal 1: Use the working assumption that RAN2 ANR procedure shall consist of UE reading/storing and reporting information obtained from System Information and/or physical measurements of a neighbour cell. 
Proposal 2: Indicate in an LS to RAN3 that the UE should be capable of reporting information obtained from System Information and/or physical measurements in order to support ANR, and ask exactly what information is beneficial to be reported from the UE to support ANR.
Proposal 3: RAN2 should focus the work only on UTRAN ANR on procedures performed in Idle and/or PCH and/ or FACH states. 
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