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1. Introduction
Logged ANR method has been implemented in Rel-10 for UTRA to provide operators basic ways of optimising its PLMN’s neighbour relationships (NRs). According to the WI ANR_UTRA’s objectives [1], which emphasises a lot the importance of reducing the user’s perceived impacts such as throughput, power consumption, and UE and NW complexity, the ANR logging is chosen to be conducted by UEs in PCH state or idle mode with best effort and without NW’s in-time measurement control, hence the corresponding ANR performances may show great variances, depending on the tricky ANR configurations, UE’s mobility behaviour during ANR logging and UE’s radio environment etc. In this contribution, we shall provide some examples to illustrate the deficient aspects of today’s logged ANR method and propose some enhancement ideas to curb these deficiencies at reasonable NW/UE complexity.
2. Discussions
NRs are such important things for NW’s performances and user’s service experiences in the following senses:

1. NRs enable NW/UE to get in-time image about its dynamic radio coverage, both horizontally (intra-frequency case) and vertically (inter-frequency, inter-RAT case), so that NW/UE can make wise decision at maintaining service/camping continuity with less efforts, via means such as handover, cell reselection.  
2. NRs enable NW/UE to get in-time image about its dynamic radio resource/capacity distribution, both horizontally (intra-frequency case) and vertically (inter-frequency, inter-RAT case), so that NW/UE can make wise decision at using limited radio resource/capacity in most efficient way, via means such as service distribution, load balance, soft capacity boosting/reducing etc.
In the past and today, when 2G/3G macro/micro cells were largely deployed to provide voice or low/medium-volume data services, the point 1 above seems more important than point 2, as the subscribers’ normal service behaviour didn’t challenge NW’s resource/capacity severely. However, such challenge becomes more and more severe with the spreading of high-volume data services. On one hand, operators have to deploy more and more 3G+ cells or 4G cells to meet that challenge, and on the other hand, operators start more emphasizing the usage of their limited radio resource/capacity more efficiently, hence the point 2 becomes more concerned nowadays. 
In the past and today, the NRs exist in more static fashion, as on one hand, the NW’s resource/capacity can meet the needs of subscribers most of the time, and on the other hand, most subscribers’ communication habits still follow the legacy way, so prior NRs’ planning and slow online NRs’ optimization are sufficient to guarantee efficient resource/capacity usages. However, with the resource/capacity issue becoming more severe and subscribers’ communication habits starting changing, it is foreseen that NRs may exist in more dynamic fashion in future, for the purpose of more efficient resource/capacity usages. Accordingly the value of ANR function should become more and more significant; it makes sense to consider more enhanced ANR mechanisms today, to meet that potential market needs.
First of all, we give out the state machine for Rel-10 logged ANR method today in figure 1, where several interesting questions arise when we think about its enhancement.
1. UE gets its ANR configuration in certain UTRA serving cell, including parameters such as “ANR logging duration timer”, “logging relative threshold”, “logging absolute threshold”, “ANR detection range”, and these parameters are valid/invalid for certain ANR logging period without any adaptation to its radio environment. So what are the criteria for setting the values of these parameters? E.g., for the setting of “ANR logging duration timer”, long time may lead to duplicated or useless ANR measurement efforts, while short time may make UE logging less effective with no NR capturing. For the setting of “logging relative threshold”, “logging absolute threshold”, high threshold may make UE logging less effective with no NR capturing, while low threshold may lead to redundant ANR measurement efforts. We believe the thresholds had better be tuned properly for each UTRA serving cell or per UTRA frequency layer. However, when UE moves across a set of cells both horizontally and vertically, potentially with significantly different radio conditions and number of NR holes, how can commonly but not adaptively configured ANR parameters work with good ANR logging performance? 
Enhancement ideas: NW provides several sets of ANR configurations at the beginning and UE applies one set for ANR logging adaptively. Or NW may update ANR configurations for ANR task holder UE in connected mode.
2. According to the objectives of Rel-10 ANRF, ANR logging should bring little impacts to UE’s legacy mobility and paging behaviours, which implies that when UE wanna make ANR measurement on certain frequency, that frequency should not be tuned dedicated for the purpose of ANR measurement, but for the purposes of legacy measurement for cell reselection. Consequently the potential target frequencies for ANR measurement can only be subset of that included in NCL of UE (Stored in CELL_INFO_LIST). Since NCL is indicated via IE "intra-frequency cell info list", "inter-frequency cell info list" or the IE "inter-RAT cell info list" in SIB11/11bis/12 of each UTRA serving cell, and UE keeps updating its NCL according to that SIBs while moving around, hence it is impossible for UE to make ANR measurement on any frequency within its RPLMN (or EPLMN), but always subject to legacy measurement. In addition, the triggering of ANR measurement largely depends on the system thresholds for legacy cell reselection evaluation measurement such as Sintrasearch, Sintersearch, SsearchHCS, Sprioritysearch1, Sprioritysearch2, which means UE can not trigger ANR measurement towards indicated frequency layer unless legacy cell reselection evaluation measurement towards that frequency layer is triggered. In the priority based cell reselection context, UE shall attempt to reselect towards cells in frequency layer with highest priority, such limitations may not satisfy NW’s ANR need sometime and somewhere, so is it possible that UE can make ANR measurement on any indicated frequency within its RPLMN (or EPLMN) with best effort, based on NW’s ANR need? Or is it desirable that UE can make ANR measurement with a little bit legacy impacts, in order to achieve larger ANR logging scope.
Enhancement ideas: NW provides a list of intra-UTRA frequencies and/or inter-RAT frequencies with different ANR measurement priority (something like absolute priority level), irrespective of being included in SIBs or not, so that UE can make ANR measurement based on NW’s ANR need.

3. The Rel-10 ANR logged results indication is possible for UE only when UL transmission opportunity comes naturally, which means ANR should not bring additional signalling message over air interface more than before. For initial accessed UE from idle mode, the first UL transmission comes with RRC Connection Setup Complete message, which leads to unpredictable indicating latency. For URA_PCH state UE, the first UL transmission comes with URA Update message, which leads to relatively big reporting latency as well. For Cell_PCH state UE, the first UL transmission comes with Cell Update or Measurement Report message, which leads to relatively smaller reporting latency statistically than former two cases. As Rel-10 ANRF imposes no performance requirement, 
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Figure 1: State machine for Rel-10 logged ANR method
it’s justified for UE to report its ANR logging results on best effort basis, which is also sufficient for NRs existing in static fashion. However, it is easily comprehensible that the earlier UE reports its ANR logging results so that NW can update its NRT according to that quickly, the more robust NRT it can be so that better NW KPI is expected. In addition, if dynamic NRs exist sometime and somewhere, it may be required to make fast ANR report for the purpose of more efficient resource/capacity usages. To achieve that goal, besides the UE, which can make seamless transmission from Cell_PCH to Cell_FACH so can make fast ANR report, it might be interesting to investigate whether UE with more advanced capability such as longer DRX or multi-carrier operation, is suitable to make ANR measurement in Cell_FACH so can make fast ANR report as well. E.g., in case UE is capable of DRX=1280ms in Cell_FACH so probably stay in Cell_FACH for long term; it may be configured to perform ANR measurement, with SI-reading activity by using longer DRX off period. Or in case UE is capable of receiving two adjacent carriers either simutaneously or in switched way in Cell_FACH, it may be configured to make inter-frequency ANR measurement more efficiently. As UE in Cell_FACH state can report ANR logging availability indicator with shorter latency as well as ANR logged results if the Common E-DCH resources are sufficient, that will enable NW to catch the fast dynamic changing NR possibly, so should be beneficial to KPI in general sense.
Enhancement ideas: NW makes good use of more advanced UEs to perform ANR measurement, so that the latency for obtaining ANR logging results by NW can be reduced.
4. It has been agreed that for Rel-10 ANR, no threshold is needed for Inter-RAT ANR logging, and Inter-RAT ANR logging is achieved based on Inter-RAT cell reselection, namely Inter-RAT ANR logging is triggered only after UE reselects from source LTE/GSM cell to target UMTS cell successfully and checks the SIBs of target UMTS cell necessarily. Cell reselection based Inter-RAT ANR logging is relatively simpler and effective compared with that it’s non-efficient for UE in UMTS cell to perform ANR logging towards LTE/GSM cells based on threshold, because such kind of missing Inter-RAT NRs search seems rather exhausting sometimes. However, Cell reselection based Inter-RAT ANR logging can not provide NW full image of Inter-RAT NRs with short latency, and has large dependency on large number of UEs’ Inter-RAT reselection behaviours. E.g., if the target UMTS cell is restricted cell, the Inter-RAT NR is achievable only for particular UEs with access authority. It is rather unpredictable when and where NW shall obtain the wanted missing Inter-RAT NRs. Therefore, we believe it’s better to introduce threshold based Inter-RAT ANR logging. To reduce the Inter-RAT NRs search effort, NW should provide some parameters to restrict UE’s Inter-RAT search range and UE should perform Inter-RAT NRs search with smart algorithm (Layer 1 implementation dependant).
Enhancement ideas: NW configures UE to perform threshold based Inter-RAT ANR logging; so that NW can obtain wanted missing Inter-RAT NRs with short latency.
5. Rel-10 ANR only takes care of non-CSG cells, such as macro/micro/pico deployment cases. With larger and larger scale deployment of CSG/Hybrid cells, the NRs among CSG cells and between CSG cells and non-CSG cells may become more and more useful for handover and cell reselection. On one side, due to the potential chipset troubles caused by autonomous gaps & autonomous search function today, some CSG capable UEs may not be able to rely on SI-reading capability in Cell_DCH to perform CSG inbound mobility, or to rely on autonomous search function to perform CSG/Hybrid cell reselection, but may rely on “CSG and non-CSG NRs” for mobility in legacy way. On the other side, the CSG cells may stay activated for longer time during day and night, and open for broader subscriber group, so the maintenance of CSG related NRs may be justified sometime and somewhere. If so, non CSG inbound mobility or non autonomous search capable UE can access the CSG/Hybrid cells in easier way.
Enhancement ideas: NW can maintain the NRs among CSG cells and between CSG and non-CSG cells by using the ANR measurement reports from CSG capable UEs.
3. Conclusions
In this discussion paper, we illustrated some deficient aspects of Rel-10 logged ANR method, and provided some enhancement ideas. RAN2 is kindly asked to discuss following proposals:
Proposal: To setup a new WI with leading by RAN2: Enhanced ANR for UTRA in Rel-11, and specify the concrete work where Enhanced ANR is targeted.
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