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1. Introduction
In [1], RAN4 requested more time to study the impact of Automatic Neighbour Relation Function on the UE complexity and on the network performances. The purpose of this document is to present some analysis of the impacts and feasibility of UTRAN and GERAN automatic neighbour relation (ANR) functions.

2. UTRAN ANR

2.1 Goals of ANR for UTRAN
It is assumed that ANR requests are initiated by E-UTRAN. Once an ANR request is made, the UE searches for UTRA neighbours and determines their scrambling code and TX diversity status. For neighbours which are detected, it attempts to decode system information on the UTRAN P-CCPCH in order to determine global cell identity. The global cell identity consists of two parts – the PLMN of the cell, which is contained within the MIB, and the Cell Identity information element, which is unique within a PLMN and is contained within SIB3. At the same time as receiving the P-CCPCH, the UE could make CPICH measurements on the UTRAN cell, and report CPICH RSCP and/or CPICH Ec/Io. Any detected scrambling code(s) and TX diversity status with the corresponding PLMN, cell identity and CPICH measurements would be reported to E-UTRAN once the procedure is complete.
From this description, it should be clear that the time to perform an ANR determination depends on

- How many UTRAN cells are (or need to be) detected by the UE. This point will be expanded on in the next section, but it seems desirable from UE complexity perspective to limit the depth of the UTRAN cell search.
- How long the necessary system information decoding takes for each detected cell ie

· Repetition rate of the MIB (PLMN) of 80mS

· Repetition rate of SIB3 (Cell Identity) which depends on the UTRAN cell system information scheduling. System information block scheduling can be configured by the network operator, but a value of around 320ms could be considered as a typical practical setting in current networks. 
· Quality of the BCH reception and whether CRC errors affect any of the system information blocks of interest.

Based on these considerations, we see that regular short measurement gaps (eg of 10ms) are not sufficient for the extended reception of UTRAN PCCPCH. This is similar to the agreement in reached in RAN2 for LTE SON ANR:

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

· Detailed conditions under which the UE should be able to make this measurement (e.g. how the “inactive time” is realised (measurement gaps / DRX idle periods / .. are used), is the UE not required to support any activity in parallel,… are FFS.

To avoid the need to define another measurement gap pattern which would be used only for UTRAN ANR determination, we propose that instead the UE is configured to LTE_RRC_Connected state with a DRX cycle which allows sufficient time to make the UTRAN ANR determination. We also propose a similar approach for LTE ANR in [2].
Details such as the shortest DRX cycle which still allows good opportunities for global cell ID decoding needs to be discussed, but from the description above it should be clear that ANR determination may take a time of the order of seconds per detected cell, and it is anticipated that the DRX cycle lengths needed would be similar to those used in idle mode (eg 1.28s).
Once the UE has completed the ANR determination, it is able to send a report to E-UTRAN indicating the discovered neighbours, which can be used to update the eNodeB relationship between scrambling codes and cell identities. CPICH measurements for the discovered cell could also be included in that measurement report for information to the eNodeB.

2.2 Feasibility of UTRAN ANR

From the description in section 2, it is clear that the first step in UTRAN ANR is to detect cells without prior knowledge of their scrambling codes. This blind detection of UTRA cells has been discussed extensively by RAN2 and RAN4 and it has the potential to create a risk for legacy cell search implementations, which might have assumed that neighbour cell list is always available. However, we believe that some UTRAN ANR scheme based on blind detection of scrambling codes may be feasible because the needed functionality could be thought of as similar to background PLMN searching, which all UEs must already support.
The important attributes of background PLMN search in UTRAN in this respect are

· It is initiated via a timer, the value of the timer comes from the SIM card, but should anyway be infrequent to avoid significant reduction in UE battery life when a UE is not camped on its home PLMN.

· Background PLMN search is performed in idle mode, when sufficient time is available for cell search and decoding of system information (PLMN)

· It is typically not necessary to find and decode very weak cells for PLMN searches since it may not be a good idea to select to a higher priority PLMN if it can only be found on some very weak cells.

Considering now the needed attributes of UTRAN ANR

· It would be initiated by the eNodeB but similarly to background PLMN searching, this should be infrequent to avoid significant reductions in standby time

· ANR function is anticipated to be performed in LTE_RRC_Connected state, but with a long DRX cycle (ie the user is inactive from a data transfer point of view). This means that similarly to background PLMN searches, sufficient time should be made available for cell search and decoding of system information. In this sense, the long DRX cycle which is configured can be thought of as a kind of “pseudo-idle mode” from a measurements perspective, but with an RRC connection available for results reporting.
· The eNodeB can rely on several UEs in different physical locations making ANR determinations to build its knowledge of UTRA neighbours over time. For this reason, there may be no need to find and decode weak cells. At the same time, if the UE decodes and reports weak cells this may have several disadvantages. Firstly battery life will be reduced, since the UE takes longer to perform the ANR measurements (more cells to decode) Secondly, in the extreme case, there might be detection by some UEs of a very weak cell which should not really be regarded as a true neighbour by the eNodeB. The eNodeB SON algorithms could filter out these cells (eg based on some CPICH measurement threshold), but it might be preferred to reduce power consumption by not measuring them in the first instance. For this reason, we propose that SON ANR of UTRAN cells only reports the single strongest neighbour detected, and the eNodeB relies on several UEs in different physical locations making ANR determinations.

· Unlike background PLMN search, it is proposed that the eNodeB already knows the UARFCN(s) of interest, and this is signalled to the UE when SON ANR is initiated on a UTRA carrier. This means that there is no need for scans of a significantly large number of frequencies using eg 200kHz raster and compensates to an extent for the longer time that is needed to decode SIB3 compared to decoding MIB in PLMN search. We believe that this is important in helping to ensure the feasibility of the scheme.

Considering the similarity in certain ways to the attributes of background PLMN search, we believe that a UTRAN SON ANR determination would be feasible given certain constraints as discussed. 


3. GERAN ANR

We believe that the feasibility of ANR for GERAN should also be discussed within GERAN working groups. The purpose of this section is to present some initial analysis on the differences between UTRAN and GERAN ANR which may have implications to the feasibility, but naturally this should be cross checked by the experts in this area.
3.1 Goals of ANR for GERAN

One significant difference between UTRAN ANR and GERAN ANR is that the GSM network will use a much larger number of carrier frequencies than UTRAN, which would be expected only to have a small number of frequency layers, and frequency reuse = 1.  For this reason it seems impossible that the eNodeB can specify the ARFCN of interest when it makes a GSM ANR request, since it has not yet acquired the likely ARFCNs of its neighbours and can only know the ARFCNs in use in the entire network. Therefore, the eNodeB would rather need to specify a range of ARFCNs over which the UE should search for GSM cells, and report PLMN/cell identity. In the worst case, this ARFCN range might need to cover an entire GSM band, or even a number of GSM bands if the LTE operator has more than one GSM band in use.
Once the ANR request with range of ARFCNs is given to the UE, the UE would then be able to search across this signalled ARFCN range for GSM cells, and decode their PLMN and Cell Identity from the BCCH. Similarly to the UTRAN case, GERAN cell identity IE is encoded in SI type 3. Once all the frequencies of interest have been examined, the ANR report can be made to the eNodeB. Similarly to the UTRA case it is expected that it would be a requirement also to indicate measurements such as RSSI related to the global cell identity.
3.2 Feasibility of GERAN ANR

Given the discussion in section 3.1, it should be clear that due to the need to do frequency scanning, there is a possibility that GSM ANR determination will  take longer than a UTRAN or LTE ANR determination. 

Another aspect is the scheduling of SI3 in GERAN. This is defined in [3] and the relevant parts are
	System Information Message
	Sent when TC =
	Allocation

	Type 3
	2 and 6
	BCCH Norm


where TC = (FN DIV 51) mod (8)).

From this, it can be seen that SI3 is sent every four TC counts, and a TC count occurs every 51*4.615ms = 235.36ms. So the SI3 is sent by the base station every 4 * 235.36 = 941.46ms, which is considerably slower than the value assumed as typical/feasible for UTRA in section 2.1. Also, prior to SI3 reception, the UE naturally needs to perform synchronisation to the GSM cell using the frequency correction channel (FCCH) and synchronisation channel (SCH).
Since the initial analysis indicates that the procedure may last longer than either LTE or UTRAN ANR determination, the impact to battery life and user experience also needs to be carefully considered.

4. Conclusions

SON ANR determination of UTRA cells should be used with care to ensure that it is not damaging to the user experience, and as already discussed in [1] it is not suitable for normal handover purposes. However, we believe that it is feasible to use SON ANR for UTRAN cells based on the techniques which are given in section 2. We believe that the needed functionality for SON ANR is not dissimilar to a background PLMN search, which should already be supported by all existing cell search implementations.
The initial analysis also indicates that GSM ANR may be different from UTRAN ANR due to the need to perform cell searches over a larger number of carrier frequencies, with a range needing to be given by the eNodeB in the ANR request, and possible slower scheduling of SI3. For this reason, we believe that additional work is needed before concluding on the feasibility or otherwise of GSM ANR.
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