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1. Introduction
RAN3 has recently agreed on the baseline Automatic Neighbour Relation (ANR) function for E-UTRAN [1]. An extension of this mechanism to the inter-RAT/frequency case is currently being discussed [2]. These schemes will allow eNBs to build up and maintain their Neighbour Lists (NLs) based on UE measurement reports.
In [3] it was proposed to use the information that can be learned in case of Radio Link Failures (RLFs) to further optimize Neighbours Lists (NLs). RAN3 further sent an LS to RAN2 asking to confirm the feasibility of the proposed scheme [4].

This document discusses this proposal and compares two possible schemes that implement a RLF-based mechanism for NL optimization. 
2. Baseline scheme for RLF-based NL optimization
An RLF-based mechanism for NL optimization was originally sketched in [3] based on the following intuition. If after a RLF the UE is able to quickly re-establish the connection with a new cell of the network, then there is a good chance that there is a missing neighbour relationship between the old serving cell where the RLF happened, and the new cell where the UE was to able to re-establish the connection. 
Based on the above consideration, in [3] it was proposed that, in case of RLF, the UE should remember the identity of the last serving cell and then report it to the new cell during the re-establishment procedure. Figure 1 shows, with an example, a possible implementation of such mechanism. The mechanism works as follows:
1. The RLF occurs while the UE is served by Cell A. Then, the UE
a. Starts a Tvalid_infra_relat timer (e.g. few seconds);

b. Stores the global identity of the last serving cell prior to the RLF (i.e. Cell A) for Tvalid_infra_relat seconds
i. At the expiry of Tvalid_infra_relat this information is discarded
2. The UE is able to re-establish the connection via Cell B within Tvalid_infra_relat seconds
a. Then the UE reports to the new cell the stored global identity of the last serving cell.

3. Cell B informs the O&M of the missing Cell A ( Cell B neighbour relation.

4. The O&M updates the neighbour list of Cell A with the missing Cell A ( Cell B neighbour relation. The O&M may also update the neighbour list of Cell B with the Cell B ( Cell A neighbour relation for symmetry reasons (in most of the practical scenarios a missing Cell A ( Cell B neighbour relation in Cell A means that there is also a missing Cell B ( Cell A neighbour relation in Cell B).
The current working assumption in RAN2 is that during the re-establishment procedure the UE reports only the physical cell identity of the last serving cell and not its global cell identity as proposed in step 2 above. If we don’t want to change this working assumption, then step 2 in the mechanisms described above could be modified as follows: 
2. The UE is able to re-establish the connection via Cell B within Tvalid_infra_relat seconds 

a. The UE reports to the new cell the physical identity of last serving cell
b. If the new cell realizes that it has no established neighbour relation with the cell whose physical identity was reported by the UE, then it may instruct the UE to report the global cell ID for the missing neighbour cell
i. The UE finally reports to Cell B the stored global identity of Cell A 
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Figure 1: Original RLF-based NL optimization scheme
It should be noted here that the additional step to request/report Global Cell ID does not have to necessarily be initiated towards the UE in RLF recovery procedure. The RLF recovery signalling can be used by the cell B simply as knowledge and it can request a reporting of global cell ID of the cell A to another UE in the cell.
2.1. Applicability to inter-RAT/frequency

The principles discussed above can be easily extended to the inter-RAT/frequency case (for instance in the previous example Cell A could be an LTE cell while Cell B could be a GSM cell). The only difference between the two cases is that in the inter-RAT/frequency case there is no quick re-establishment procedure but instead the UE goes first out of service and then re-enters the service area in a different RAT or frequency.
Therefore, in order to extend the RLF-based mechanism described in Sec 2 to the inter-RAT/frequency case, the UE will have to report the information of the last served cell (step 2 above) when re-entering the service area of a different RAT or frequency. 
Because going out of service and then re-entering the service area in a different RAT/frequency is obviously slower than the simple re-establishment procedure used for the intra-frequency case, different timers should be used in the two cases with slightly different settings (e.g. Tvalid_intra_relat and Tvalid_inter_relat).
2.2. Limitations

The main limitation of the scheme discussed above is that it ties the capability of the *source system* where neighbour lists should be automatically optimized and the capability of the *target system* where useful information on missing neighbour relationships may be collected. This is especially unacceptable in the inter-RAT case. For instance, it will mean that to let eNBs to autonomously optimize their inter-RAT neighbour lists, both UTRAN and GERAN will have to be upgraded [5] [6].
3. Enhanced scheme for RLF-based NL optimization
This section proposes a variant of the scheme discussed in Sec 2 that avoids the limitations highlighted in Sec 2.2 for the inter-RAT scenario. It is based on the idea that while the UE needs to collect the information on missing neighbour relationships right after a RLF, the reporting of such information to the network is not time critical. For instance, in the example mentioned in Sec 2.1 the UE may report to the network the missing inter-RAT neighbour relation to the network the next time it connects to an LTE cell.  

Figure 2 shows, with an example, how the mechanism could work based on the principles discussed above. The mechanism works as follows:

1. The RLF occurs while the UE is served by the LTE Cell A. Then, the UE 
a. Starts the Tvalid_inter_relat timer (e.g. some seconds)

b. Stores the global identity of the last serving cell prior to the RLF ( “Cell A”) for Tvalid_inter_relat seconds.
i. At the expiry of Tvalid_inter_relat this information is discarded.

2. After declaring OOS, the UE is able to re-enter the service area in a WCDMA cell within Tvalid_inter_relat seconds. Then, the UE
c. Starts the  Tmiss_relat timer (e.g. hours); 

d. Stores the missing Cell A ( Cell B inter-RAT neighbour relationship
i. at the expiry of the Tmiss_relat this information is discared

3. The UE moves.

4. The UE connects again to an LTE cell of the same PLMN within Tmiss_relat hours. 

a. Then the UE reports the missing Cell A ( Cell B inter-RAT neighbour relationship to the LTE Cell C

5. Cell C informs the O&M of the missing Cell A ( Cell B inter-RAT neighbour relation

6. The O&M updates the neighbour list of Cell A with the missing Cell A ( Cell B inter-RAT neighbour relation. The O&M may also update the neighbour list of Cell B with the Cell A ( Cell B neighbour relation for symmetry reasons as discussed above.
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Figure 2: New RLF-based scheme
3.1. Delayed reporting
The following consideration can also be made based on the principle discussed above: while it is crucial to collect missing neighbour relations in the UE right after a RLF, it is not important to report this information to the network during the re-establishment procedure (intra-frequency case in Figure 1) or at connection setup (inter-RAT case in Figure 2) which often happen in time critical situations and are based on messages of limited size. Such reporting can be delayed and performed by the UE when radio conditions allow.
4. Conclusion
In this document, we discussed two mechanisms to support RLF-based neighbour list optimization.
We propose that RAN3 discuss the proposals and agree on solutions.

5. References

[1] R3-072014
“Introduction of automatic neighbour relation function”, Ericsson
[2] R3-072117
“Inter-RAT/frequency ANR function”, Qualcomm, T-Mobile
[3] R3-071936
“Automatic Neighbour Cell List Configuration”, T-Mobile
[4] R3-072403
LS on Inter-RAT/frequency Automatic Neighbour Relation Function
[5] R3-072366
“Options for discovery of inter-frequency inter-RAT neighbours”, Motorola
[6] R3-080023
Response to LS on feasibility of using RLF recovery to aid neighbour discovery



































































































































































































1
1

_1260082580.vsd

_1260082649.vsd

