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Discussion
1 Introduction
At RAN3 #74, the prioritisation of MRO failure cases has been decided and described in [1]. According to the document, two inter-RAT scenarios are considered as high priority:
· Too late inter-RAT HO, when the UE moves out of the LTE coverage and fails; and

· Too early inter-RAT HO, when the UE is handed over to LTE cell, fails and returns soon to the 2G/3G layer.
The latter case may have a variant with reconnection at other LTE cell, which is likely if the initial HO succeeds (the last serving cell is LTE one) and the LTE coverage is weak, but existing. In that case the classification of the problem should rather be “HO to wrong cell”.

However, in the light of the existing LTE 800 deployments, this seems to be not enough. Moreover, limiting MRO consideration to only these two scenarios may result in unbalanced operation point and may cause increase of problem rate elsewhere. This paper presents therefore motivation to take few other scenarios into account in the MRO work.
2 Discussion
Concerns with the current scope
The two scenarios agreed so far to be of the highest priority assume a well deployed, ubiquitous 2/3G coverage with spotty LTE coverage area. This ubiquitous coverage is likely true in case of 2G, but may not be necessarily with 3G. Moreover, in some countries, for example in Germany, LTE is deployed as the only broadband technology primarily in rural areas using 800 MHz band. Therefore, there already are areas where 3G is in fact more limited, in terms of covered area, than LTE 800. Also, even in the areas where 3G is indeed developed widely, a HO to 3G may result in failure: the inherent feature of the WCDMA, namely “cell breathing” may cause certain areas at cell borders be out of 3G service at higher radio network loads, even though normally they are well covered.
The current focus is based on the assumption that certain events may be more likely to happen than others. However, if optimization methods operate in an unbalanced mode focusing only on these problems, MRO itself may increase the likelihood of other problems. The reason is that excessive correction of, for instance, too late HO may lead to too early HO, that would otherwise never happen. Thus, solution to one problem should be balanced with its counterpart.
As mentioned above, it is important to note that 2G coverage may indeed be considered as very mature. There are no deployments with 2G as hotspot layer, either. Therefore, the analysis presented here concerns LTE and 3G only.

Proposed additions to the MRO scope

Considering the above arguments, it is proposed to extend the scope of MRO in Rel.11 to three more failure scenarios:
· Too late inter-RAT HO from 3G to LTE (failure while in a 3G cell, reconnection at LTE cell)

· Too early inter-RAT HO from LTE to 3G (failure shortly after, or during a HO from LTE to 3G, reconnection at LTE); and
· HO to wrong cell from LTE to 3G (failure shortly after, or during a HO from LTE to 3G, reconnection at different cell in 3G)

Two latter scenarios are related: the only difference is the reconnection cell/RAT. As said, from the probability of occurrence perspective they may require some further justification, because it can be argued the assumed preference to keep users at LTE layer should rather prevent too early HOs to other RATs. However, the missing balance in the optimization process when excluding this failure type (see  arguments given in the above section) may lead to a too early HO from LTE, too:
A solution for too late inter-RAT HO from LTE, if unrestricted, may shift the HO trigger point to a location where 3G coverage is not available – either because of a service unavailability, or simply because 3G was not deployed there (LTE 800 scenario). Then, the HO trigger pushed too far will result in too early or wrong cell HO (e.g. if the UE, after moving a bit during the cell search finds another 3G cell).
Solution and effort consideration
In the email discussion #5 options for solutions to deal with the scenarios defined as the most relevant have been presented. Most of them either requires single RIM message between RATs, or can be, in most cases, solved internally at 3G RNC or 2G BSC (thanks to the broad control areas). In order to catch up with that discussion, in this chapter a short consideration on the scenario proposed above is presented.
Also, it is important to note that the proposed solutions are examples. The principle was to show that addressing the new problems does not require any new mechanism, as compared to the features considered for the scenarios already agreed as high priority. If there is an obvious alternative though, it is presented, too.

Too late inter-RAT HO from 3G to LTE

The problem is located at RNC side, but RLF reporting happens in LTE. Following the MRO strategy to do failure analysis where RLF happened,  a single RLF Indication message is  to be sent to the RNC
Too early inter-RAT HO from LTE to 3G

If the failure is HOF or if the UE connects successfully to 3G cell, fails there and reconnects at LTE, the RLF Report from the UE will be delivered to the LTE. The RLF reporting at LTE is available. In case of HOF, the failure analysis can be completely carried in LTE side without any inter-RAT messaging. In case of RLF on 3G side after successful HO and following MRO strategy that RLF afflicted cell carries out the failure analysis  a RLF Indication message is to be sent to 3G with a HO Report message back to the responsible LTE cell, i.e. two RIM messages as it is done in intra-LTE case (RLF IND / HO REP).. Doing also the failure analysis on LTE side, the MRO algorithm at LTE would need to know the dwell time limit for the 3G cell in order to be able to tell too early HO from a too late HO from 3G. That is dwell time limited must be either fetched from RLF afflicted cell (messaging too) or must be network wide constant. 
HO to wrong cell from LTE to 3G (reconnection at other 3G cell)

The problem is located at LTE and UE re-connects to a new cell of the target RAT 3G independent of HOF or RLF. Therefore the solution may resemble the one discussed for too late HO from LTE: the UE stores the RLF information and reports it once it returns to LTE. Alternatively, in case of RLF reporting on 3G side (where UE reconnects after failure, and assuming the two concerned 3G cells are controlled by the same RNC, the RNC sends HO Report to LTE cell initiated the problematic inter-RAT handover. 
3 Summary
In this paper it has been proposed to extend the scope of inter-RAT MRO discussion so that scenarios with LTE 800 and less perfect 3G coverage are covered. It has been explained also that this extension will help balance MRO solutions so that overall performance will be more stable. The proposed additions are:
· Too late HO from 3G to LTE (failure while in a 3G cell, reconnection at LTE cell)

· Too early HO from LTE to 3G (failure soon after, or during a HO from LTE to 3G, reconnection at LTE); and
· HO to wrong cell from LTE to 3G (failure soon after, or during a HO from LTE to 3G, reconnection at LTE); and

Possible solutions needed to address those scenarios have been discussed briefly too. From that very preliminary study it can be seen that the effort needed does not exceed the one expected for already discussed scenarios. Actually, in some cases the new scenarios can be handled with the already discussed solutions, if defined properly.
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