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1
Introduction

In [1], RAN4 indicated that it would study the impact of SON Automatic Neighbour Relation Function on the UE complexity and on the system performances. Some of the analyses we show in this contribution were already presented in the RAN2 Sevilla meeting #60bis in January. However, in order to have all the necessary background information in RAN4, we thought that it would be useful to present them in RAN4 as well. This contribution focuses on intra E-UTRA case and it proposes ways how UE support in intra E-UTRA SON ANR would be feasible. In a separate contribution [3] we focus on SON ANR towards inter-RAT neighbour cells. 

Some agreements on UE support were already reached for SON ANR within the E-UTRA RAT in the RAN2#60bis. However, inter-RAT case was still left open in RAN2#60bis. 
2
Discussion

In the following subsections we have tried to analyse the implications of the SON ANR functions currently assumed in RAN2 and RAN3 on the system performance, user perception and specifications. As already indicated in this document we primarily focus on  SON ANR support towards E-UTRA neighbour cells. 
Below we have listed the RAN2 agreements made so far:
· The UE will only report L1 identities on frequencies/RATs for which it is configured to measure by the eNB (i.e. no additional measurements to be defined for this purpose).

· For SON purposes, a mechanism by which the network can ask the UE to provide the GCI (Global Cell Identify) corresponding to a L1 identity that the UE has reported will be defined.

· This mechanism can be used for L1 identities corresponding to intra-freq and inter-freq neighbours. Support for inter-RAT UTRAN and GERAN is FFS.

· UE is not required to provide the GCI if it is not provided sufficient “inactive time”

· Detailed conditions under which the UE should be able to support SON ANR and e.g. how the “inactive time” is provided are FFS.
We can now see from the RAN2 agreements that UE ANR is support only meant for SON ANR purposes and that there is no need to define any new measurement functionalities for the UE. However, RAN2 still needs to define a mechanism to support NW for asking the UE to report GCI and a mechanism to let NW to allocate enough “inactive time” for the UE to report GCI. Also the reporting of GCI should still be defined in RAN2 as currently only physical layer cell ID reporting is assumed in RAN2.
2.1
ANR for E-UTRA cells
The reference [2] introduced the ANR function in RAN3. In [2] the ANR function was defined for RRC_CONNECTED where it would have interactions with normal active mode handover evaluation and execution. However, as it commonly understood and now agreed in RAN2 that UE ANR support is not intended for normal handover purposes but only for network configuration and optimization purposes, it is not necessary for UEs that are busy with normal UL and DL data transmission and reception to provide support to the network SON ANR function. Thus, it should be viable to assume that UE could be placed in rather long DRX whenever it is required to report GCI of any cell. 
As already discussed in [1] UEs in the middle of a cell are not able to detect intra-frequency neighbour cells. Instead it is more likely that a UE is able to detect new neighbour cells when the UE is also performing handover evaluation or executing actual handover.  This on the other hand is likely to degrade handover evaluation and/or execution performance. Also the ongoing services would be severely impacted.  

If the ANR method in [2] was followed exactly, it would mean that long measurement gaps would need to be initiated at handover regions. The decoding of Global-Cell Identity (Global CID) from D-BCH would require significantly longer measurement gap than currently designed (6 ms measurement gap adopted in the RAN4 specification TS36.133). Long measurement gaps would naturally cause long interruptions in user data transmission and reception. Additionally, new measurement gap functionalities would be required in the RAN2 specifications. The decoding of the Global CID of an intra-frequency neighbour cell is only possible at the edge of cell as the target cell D-BCH coverage will not reach far beyond the cell edge of the serving cell. This issue was studied in the context of neighbour P-BCH decoding for the purposes of obtaining cell specific parameter from a given neighbour cell rather than from the serving cell. This earlier study concluded that cell specific parameters need to be provided by the serving cell (if used) in order to ensure good mobility performance. The decoding of D-BCH are is even more demanding than the decoding of P-BCH at low geometries due to significantly larger amount of system information bits, more dynamic system information structure and thereby less optimum L1 mechanisms for enhancing system information coverage area. 
Based on our analyses the ANR function agreed by RAN3 in [2] does not seem feasible without some modifications due to its negative implications on system performance, user perception and radio standards (RAN2 and RAN4).  In section 3.1 we present a method how these negative implications could be minimised and UE support for SON ANR could be defined in the specifications.  
3
Proposal for UE support in ANR Function
In this section we present a proposal showing how UE support could be provided for the SON ANR function without severe implications on system performance, user perception or E-UTRA stage 3 completion. The Section 3.1 proposes a general method for supporting the ANR function for E-UTRA cells.  Many of the details are intended to be defined in the RAN2 specifications. Additional details are given in the corresponding RAN2 contribution [4].
3.1
E-UTRA cells

We believe that many of the negative implications due to UE ANR support for E-UTRA cells discussed in Section 2.1 could be avoided if the following conditions are met with the SON ANR function and related UE support.

· UEs supporting the ANR functions are inactive in terms of services i.e. no real UL or DL service ongoing (Idle Mode type of operations). In this way we should be able to minimise negative implications on services and user perception of LTE. 
· UE is only requested to provide support to the ANR function when long regular DRX cycle (similar to idle mode DRX cycle length, e.g. >1 s) is allocated to the UE. 
· Upon NW ANR support request the UE can autonomously perform search of new E-UTRA neighbour cells and their physical layer cell ID. When unknown physical layer cell ID is reported to the network, the network can also request the UE to decode the Global CID of a given cell. In this request the network does not need to provide any special measurement gap for Global CID identification and long DRX cycle should allow decoding. In this way it is possible to avoid the definition of new measurement gap pattern for the purposes of Global CID identification. 
· We see that in the specification the DRX cycles, for which the UE needs to be able to support GCI reading of EUTRAN cells, need to be defined. It would be desirable to use the same DRX cycle limit (e.g. > 1 s) both for E-UTRA and inter-RAT cells. However, it should be verified that the selected limit will allow enough idle time for read GCI from legacy system information.
· In order to avoid excessive decoding attempts of CGIs for neighbour cells the UE should be allow to limit the decoding to rather strong neighbour cells. Additionally, if decoding attempt fails, the UE is not required to continue decoding attempts for long time. 
· Although UE’s supporting the ANR function are inactive from the service perspective, these UEs need to be moved to RRC_CONNECTED to allow reporting to network.

By requesting a number of idle mode terminals to support the network ANR functions and moving these UEs to RRC_CONNECTED with long DRX cycle length, system performance degradations could be avoided but still it should be possible to find the newly configured cells. Naturally as trade-offs, some additional UE battery consumption is caused. However, it should be possible to limit this negative implications by only requesting the UE to support the NW SON ANR function rather infrequently when new cells are configured in the network. 
4
Conclusions

In this contribution we propose general principles how the UE could support SON ANR. The contribution focuses on E-UTRA neighbour cell SON ANR. The inter-RAT case is covered in [3]
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