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1. Introduction
In Rel-10, RAN3 had identified and discussed two rather important inter-RAT MRO scenarios, i.e. LTE->UTRAN/GERAN HO too late and unnecessary handover, while still other scenarios had not been discussed. This contribution makes detailed analysis on all potential inter-RAT MRO scenarios, and proposes the way forward of studying on the inter-RAT MRO in Rel-11. 

2. Discussion
2.1. Background
In Rel-10, inter-RAT unnecessary handover use case had been confirmed and solution to this scenario is agreed, while for Handover Too Late use case, there is no conclusion and needs to be further studied in Rel-11. Besides the two cases, the necessity and benefit of other cases also need to be analyzed and evaluated.
In the last meeting, some potential cases of inter-RAT MRO failures were provided [1] and proposed to be studied in Rel-11 as below. 
· Too late inter-RAT HO

· Too early inter-RAT HO

· Inter-RAT HO to wrong cell

· HO to wrong RAT

Based on the classification of failure problems, we make some analysis on the use cases of various combination of source and target RAT and give the proposal accordingly.
2.2. Inter-RAT MRO scenarios
(1)  LTE -> UTRAN  HO too late
This scenario had already been identified as an important case in Rel-10.
(2) LTE-> UTRAN HO too early
Either handover from LTE to UTRAN fails, or RLF occurs in target UTRAN cell shortly after handover succeeds, then UE selects the source LTE cell to restore connection after failure.
For this scenario, one question need to be clarified firstly is why the connection failure (RLF/HOF) occurs. In our understanding, in case of ubiquitous UTRAN deployment and overlapping LTE network, even if handover is triggered from LTE to UTRAN earlier than normal, failure would not happen, since at any location within the coverage of an LTE cell, there is at least one UTRAN cell available to provide service, and UE could access the UTRAN. On the contrary, the failure happens only when either the coverage of neighbouring UTRAN cells is bad, illustrated as case (i) in the Figure 1, or the target UTRAN cell isn’t appropriate, illustrated as case (ii) below. 
For the case (i), the LTE cell is deployed overlapping with a hole of UTRAN coverage. If the handover is triggered as normal, no failure would happen (since the hole locates at center area of the LTE cell); while if triggered earlier, failures would happen due to the coverage hole of UTRAN.

For the case (ii), the source LTE base station wrongly chooses cell A instead of cell B as handover target. If it chose cell B, even if the handover trigger is earlier than normal, no failure would have occurred (then the problem goes to ‘unnecessary HO’).  Consequently, this case only happen when the choice of target cell isn’t proper, and it goes to ‘HO to wrong cell’ problem rather than ‘HO too early’, although UE returns to source LTE cell to restore connection after the failure.  
Based on the illustration, LTE->UTRAN HO too early is mainly relevant to the case(i), i.e. LTE overlapping with a hole of UTRAN coverage, which should be deemed as a corner case. 

[image: image1.emf]UTRAN C

UTRAN C

UTRAN A

UE

UTRAN A 

U

T

R

A

N

 

B

(i) Failure due to coverage 

hole of UTRAN

UTRAN B

UE

L

T

E

 

 

 

   

L

T

E

(ii) Failure due to wrong target UTRAN 

(LTE choose A not B as target cell)


Figure 1.  LTE -> UTRAN failure, then UE reconnects in LTE
(3) LTE-> UTRAN HO to wrong cell

Either handover from LTE to UTRAN fails or RLF occurs in target UTRAN cell shortly after handover success, then UE attempts reconnection in a UTRAN cell different from target cell after failure
This case is possible. Due to different offsets configured by operators for the neighbouring UTRAN cells, the LTE base station may choose a not strongest UTRAN neighbouring cell as the handover target.
Thereby, this case should be studied in Rel-11. 

(4) LTE HO to wrong RAT

a) either handover from LTE to UTRAN fails or RLF occurs in target UTRAN cell shortly after handover success, then UE attempts to restore radio connection in a LTE cell different from source cell after failure

b) either intra-LTE handover fails or RLF occurs in target cell shortly after handover success, then UE attempts to restore radio connection in UTRAN after failure
c) either handover from LTE to UTRAN fails or RLF occurs in target UTRAN cell shortly after handover success, then UE attempts to restore radio connection in GERAN after failure

Sub-case a) occurs very rarely, because for a LTE base station, the intra-LTE handover is always the first choice. Since there is a good LTE cell (i.e. the re-connection cell after failure), the intra-LTE handover should have been conducted.  
It was written in [2] that “if the RLF occurs in UTRAN, the UE will try to remain at UTRAN and it tries to select an UTRAN cell at the same frequency. It is not clear what the UE behavior is whenever UE fails to establish on the same frequency”. According to that, if failure occurs after success handover, the possibility of UE selecting LTE network to restore connection is very low after RLF. Anyway, this sub-case is a rare case.
Sub-case b) might occur at the border of LTE coverage, as illustrated in the figure 2 below. When UE moves to edge of LTE, it should be handed over to UTRAN. However, due to too high setting of threshold for inter-RAT handover, and/or too low for intra-LTE, an intra-LTE handover rather than an inter-RAT is triggered although the signal of LTE is not satisfying the service requirement, resulting in HOF/RLF. 
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Figure 2.  LTE -> LTE failure, then UE reconnects to UTRAN
Sub-case c) might occur at the border of UTRAN with overlapping of LTE, illustrated as Figure 3 below. When UE moves out from LTE cell A, it should be handed over to GERAN because it also reaches the edge of UTRAN coverage. However, due to higher offset for UTRAN than that for GERAN, a handover from LTE to UTRAN rather than GERAN is triggered although the signal of UTRAN is not satisfying the service requirement, resulting in HOF/RLF.
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Figure 3.  LTE -> UTRAN failure, then UE reconnects to GERAN
Considering the possibility of sub-case b) and c), ‘LTE HO to wrong RAT’ should be studied in Rel-11.

(5) UTRAN -> LTE HO too early

Either handover from UTRAN to LTE fails, or RLF occurs in target LTE cell shortly after handover success, then UE selects source UTRAN cell to restore connection after failure.
This case might be due to the operator’s policy that the priority of LTE network is higher than UTRAN and the handover trigger threshold for UTRAN->LTE is set to inappropriately low. As a result, when handover is triggered, the signal of LTE cell is not strong or steady enough, hereby the UE cannot access the target LTE cell or lost link shortly after handover completion. After failure, the UE tries to restore radio connection and selects the original cell due to better UTRAN radio signal. 

In our viewpoint, this case is possible and reasonable, thus needs to be considered in Rel-11.

(6) UTRAN -> LTE HO too late

RLF occurs in UTRAN serving cell, and then the UE selects an LTE cell to restore radio connection after failure.
It has been stated before that “if the RLF occur in UTRAN, the UE will try to remain at UTRAN and it tries to select an UTRAN cell at the same frequency” rather than an LTE cell. Taking into account that UTRAN has been widely deployed on the world, and in quite a long time, the UTRAN deployment area will be larger than LTE, it is more likely the UE re-connects to UTRAN. 
This case might only happen in the scenario illustrated as case (i) in the figure 1, i.e. LTE overlapping with a hole of UTRAN coverage. As thus, UTRAN->LTE Handover too late is a rare case, and could be treated as low priority in Rel-11 MRO.
(7) UTRAN -> LTE HO to wrong cell

Either handover from UTRAN to LTE fails or RLF occurs in target LTE cell shortly after handover success, then UE attempts reconnection in a LTE cell different from target cell after failure

Similar to ‘LTE->UTRAN HO to wrong cell’,  this case might happen due to wrong setting of CIO for different neighbouring LTE cells, leading to inappropriate choice of target LTE cell.

Thereby, this case should be studied in Rel-11. 

(8) UTRAN HO to wrong RAT

a) either handover from UTRAN to LTE fails or RLF occurs in target LTE cell shortly after handover success, then UE attempts to restore radio connection in a UTRAN cell different from source cell after failure
b) either intra-UTRAN handover fails or RLF occurs in target cell shortly after handover, then UE attempts to restore radio connection in LTE after failure
c) either handover from UTRAN to LTE fails or RLF occurs in target LTE cell shortly after handover success, then UE attempts to restore radio connection in GERAN after failure

For sub-case a), someone may argue, e.g. why inter-RAT handover instead of intra-UTRAN was triggered? One of possible causes is that UTRA and LTE network are working at different frequency layer, and the frequency offsets for the two layers are configured improperly, leading to the earlier trigger of inter-RAT handover than intra-UTRAN. Thereby, this sub-case is possible, and the adjustment of handover offset is needed to resolve wrong selection of target RAT. 
With assumption of UTRAN deployment is much wider than LTE, and based on the similar reason as case 6), the probability of sub-case b) is very low.
Sub-case c) is very similar to above 4c) scenario, based on the same rational it should be considered.
Considering the possibility of sub-case a) and c), this scenario should also be studied and resolved in Rel-11.

(9) UTRAN -> LTE unnecessary HO

A UE is successfully handed over from UTRAN to LTE, and then during a period after handover completion the signal of UTRAN is sufficient to provide service. 
If the user is receiving packet data service, then handover from UTRAN to LTE can make user to get higher quality service, which is very reasonable. Contrarily, if the ongoing service is voice, the handover is unnecessary since LTE network doesn’t provide better voice service than UTRAN. Hereby, it indeed wastes the LTE network resource steering a voice user from UTRAN to LTE. In general, it is desirable that voice users are preferably served by UTRAN/GERAN, and packet users (especially high-speed packet service) are preferably served by LTE.
Therefore, this problem should be resolved in order to raise the efficient usage of LTE network resource.

2.3. Conclusion
Based on above analysis, we could summarize as the table below.

Table 1. Inter-RAT MRO scenarios

	
	LTE -> UTRAN
	UTRAN -> LTE

	HO Too Late
	√
	corner case

	HO Too Early
	corner case
	√

	HO To wrong cell
	√
	√

	Unnecessary HO
	R10
	√


Note:  although only UTRAN is referred during the analysis, the analysis and conclusions are also applicable to GERAN.

For HO to wrong RAT, there are two cases should be considered,

· LTE HO to wrong RAT, i.e. LTE -> LTE/UTRAN failure, then re-connection either to UTRAN or to GERAN

· UTRAN HO to wrong RAT, i.e. UTRAN->LTE failure, then re-connection either to UTRAN or to GERAN

As summarization, we give the way forward of inter-RAT MRO study and propose RAN3 to agree it and include it into the SON TR.

The following scenarios should be evaluated and resolved with high priority.
· LTE -> UTRAN HO too late

· LTE -> UTRAN HO to wrong cell

· UTRAN -> LTE HO too early

· UTRAN -> LTE HO to wrong cell

· LTE HO to wrong RAT, i.e. LTE -> LTE/UTRAN failure, then re-connection to UTRAN/GERAN  
· UTRAN HO to wrong RAT, i.e. UTRAN->LTE failure, then re-connection to UTRAN/GERAN
· UTRAN -> LTE unnecessary HO

Meanwhile, the remaining scenarios could be studied with low priority.
· LTE -> UTRAN HO too early

· UTRAN -> LTE HO too late

3. Proposal
Based on the analysis in section 2, we suggest the way forward of further inter-RAT MRO research work in Rel-11, and put forward the following proposal and hope RAN3 to discuss it and agree to include it into the SON TR.
Proposal:  In Rel-11, the following inter-RAT MRO scenarios should be evaluated and resolved with high priority.
· LTE -> UTRAN HO too late

· LTE -> UTRAN HO to wrong cell

· UTRAN -> LTE HO too early

· UTRAN -> LTE HO to wrong cell

· LTE HO to wrong RAT, i.e. LTE -> LTE/UTRAN failure, then re-connection to UTRAN/GERAN  
· UTRAN HO to wrong RAT, i.e. UTRAN->LTE failure, then re-connection to UTRAN/GERAN
· UTRAN -> LTE unnecessary HO

Meanwhile, the remaining scenarios could be studied with low priority.

· LTE -> UTRAN HO too early

· UTRAN -> LTE HO too late
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