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1 Introduction

The inter-RAT MRO discussion has been already initiated during RAN WG3 Meeting #69 [1] and #69bis [2]. The considered inter-RAT failure type so far was “too late inter-RAT handover” when UE is leaving LTE coverage and was not handed over in time to wide area serving legacy network. However there are several relevant inter-RAT mobility failure types which have been defined and explained in [3]. This paper investigates the relevance of all the inter-RAT mobility failure types on basis of realistic failures scenarios and should serve as proof that inter-RAT MRO has to deal also with the other mobility failures besides the too late leaving LTE. Furthermore, it is proposed the procedure of the root cause analysis of inter-RAT mobility failure should be consistent with intra-LTE approach. The common denominator of the considerations here is the assumption that the 3G is relatively stable and possible problems are likely to be due to the deployment of LTE network.
2 Discussion of failure scenarios
2.1 Limited LTE coverage
It is rather reasonable that LTE will be rolled out step-by-step starting in area where high data traffic is expected, i.e. LTE deployment will be concentrated on relevant traffic hotspot areas and urban areas. This limited LTE coverage will consequently result in many inter-RAT handovers, and trouble-free operation of the inter-RAT handovers is very important for operators from day one on.
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Figure 1: Inter-RAT mobility scenario with limited LTE coverage
Figure 1 shows a dual-RAT overlay deployment scenario consisting of a 3G network providing full coverage and a LTE network limited to high traffic areas. Therefore, an inter-RAT HO from LTE to 3G (here blue arrow) might be triggered by end of LTE coverage and weak LTE signal strength, while vice versa the handover from 3G to LTE (here green arrow) is most likely triggered by traffic management policies, since radio reasons are not given to leave the 3G serving area unless there are some isolated 3G coverage holes where LTE provides sufficient coverage.
2.1.1 Handover problems LTE ( 3G

According to the limited LTE coverage an inter-RAT handover becomes necessary when UE is leaving the LTE coverage and the serving LTE signal becomes too weak. Within LTE, the inter-RAT HO is triggered by the dual threshold measurement event B2 that is defined as follows:

                  Serving becomes worse than B2_threshold_1
&&
inter-RAT neighbor becomes better than B2_threshold_2

2.1.1.1 RLFs due to too late inter-RAT HO

When keeping the UE too long in LTE, it may experience a radio link failure (RLF) and reconnect afterwards to a cell of the underlaid 3G network. Reason for the RLF is a missed inter-RAT HO that should have been triggered by measurement event B2, and the problem is identified as “too late inter-RAT HO” [2], [3].

The schematic in Figure 2 tries to illustrate exemplarily the “too late inter-RAT HO” problem case. HO is triggered by the two signals of the serving LTE cell (RSRP) and the underlaying 3G cells (RSCP), respectively. A radio link failure occurs when UE is getting out-of-sync, i.e. signal quality, that is, SINR falls below the threshold Qout.

The problem is counted as “Too late inter-RAT HO” when UE after the RLF re-connects to another RAT.

[image: image2.wmf] 

t

ime

 

B2

-

1

 

LTE

 

3G

-

cell B

 

RSRP

 

RSCP

 

time

 

Qout

 

LTE

 

B2

-

2

 

3G

 

SINR

 

t_Qout

 

RLF

 

Trigger for HO

 

à

 

too late

 

Re

-

connection 

to 3G

 

RAT 1

 

RAT 2

 

time

 

t_reco

nnect

 

RLF

 

3G

-

cell A

 

B2

-

2 is fulfilled

 


Figure 2: Too late inter-RAT HO

It should be noted that the approach proposed in [2] where the inter-RAT MRO is carried out only within LTE without inter-RAT message exchange works only for this specific failure type. For almost all other inter-RAT failure types – as we will see in the following – this is not feasible. 
2.1.1.2 Too early inter-RAT HO (without RLF)
For the considered scenario “limited LTE coverage” where full coverage of the legacy RATs is anticipated, the too early inter-RAT handover does not lead to failures but it will lead to reduced capacity since LTE is not fully exploited (see (a) in Figure 3). This problem has been already specified in Rel-10 as “Unnecessary HO to another RAT” (section 22.4.2.3 in [4]). Actually, this problem case is more a capacity optimization rather than a classic mobility robustness issue (as discussed in Rel.9), since there is no failure (RLF) involved. But it is a rather important optimization criterion to prevent MRO from too conservative threshold setting, i.e. keeping the UE as long as possible in LTE. Rather conservative inter-RAT handover parameter setting would help to reduce RLFs, but also would waste LTE resources and, therefore, overall network capacity. On the other side, the too aggressive parameter setting in terms of LTE coverage would result in radio link failures due to too late interRAT HO (see (b) in Figure 3). Therefore, the unnecessary inter-RAT HO can be seen as a opposition to too late HO and its solution can help counter-balance the solutions for too late HOs. With this counterpart the MRO is able to achieve the optimal setting as shown in (c) of Figure 3.
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a) Unnecessary inter - RAT HO      Too conservative HO  parameter setting results in  LTE coverage reduction   b) Too late inter - RAT HO      Thresholds are too  aggressive what results in  plenty of RLF failures for  UEs leaving LTE coverage   c ) Optima l inter - RAT mobility  parameter setting     Maximum coverage     No RLFs  


Figure 3: LTE coverage area resulting from (mis-)configured measurement event thresholds triggering the inter-RAT handover from LTE to 3G
2.1.1.3 Handover to wrong cell of new RAT
Like in a “too early inter-RAT HO”, the UE is successfully handed over to the new RAT and shortly after a RLF occurs. But the problem is not that the new RAT in total is too unstable but just the chosen target cell shows bad SINR conditions when HO is completed. Even though the reaction would be more or less the same as for the “too early inter-RAT HO” by making the inter-RAT HO a bit later, the detection is different.

It is easy to understand that this failure type might occur even more frequently than the “too early inter-RAT HO”, since the probability that the new RAT in total is still too unstable is smaller than the probability that just the chosen cell of the new RAT is unstable or provides a bad SINR condition. 

For the considered scenario with full 3G coverage and LTE(3G handover the instability of the 3G cells can be more or less excluded unless 3G coverage hole existing. On the other hand, location with bad SINR due to high inference can occur everywhere and, therefore, this failure type can occur even for this scenario.
In that case, the RLF occurred in 3G, even though the proceeding handover from LTE to 3G caused the problem. As this is not immediately obvious RLF reporting has to be done on 3G side. The proposed approach to do RLF reporting only on LTE side would require rather detailed pre-analysis of the RLF on UE side. Otherwise all pure 3G RLFs are reported on LTE side. Therefore, it may be reasonable to consider the current in Rel’10 specified intra-LTE root cause analysis concept also in the inter-RAT context.
2.1.2 Handover problems 3G ( LTE

As long as 3G full coverage is given there are no radio reasons (with exception of some singular coverage holes probably) to handover to LTE. However, the operator wants to use its LTE network and handovers are forced by traffic steering rules. If the HO is due to radio conditions though, then normally the inter-RAT HO from 3G is also triggered by the dual threshold measurement event similar to B2, called 3A. The measurement event 3A is triggered when serving 3G cell becomes worse than 3A_threshold_1 AND inter-RAT neighbour becomes better than 3A_threshold_2.
In case of traffic steering (TS), other events will be in use, since HO is triggered more or less independent radio driven criteria. The measurement event 3C specified within UMTS, for instance, checks only signal quality of the neighboring inter-RAT target cell and might, therefore, be an option to support the traffic steering driven handover to another RAT in combination with other criteria like load, service, user profile, etc.
For the discussed scenario (full 3G and limited LTE coverage) radio driven handovers will only occur in case of 3G coverage holes and will be triggered by the dual threshold event 3A. HO failures in context of radio driven handovers are treated by MRO directly, while failures of TS triggered handovers detected by MRO should be solved in cooperation with traffic steering, i.e. criteria of TS have to be adjusted.
In principle, the problems are just inverted compared to the case LTE ( 3G discussed in the section above. When assuming full 3G coverage without coverage holes, there is no need of radio driven HOs. Therefore, TS is applied to bring UEs back to LTE network. These handovers can be carried out rather late, without causing RLFs due to too late HO, but would also result in reduced LTE coverage. In contrast a too aggressive traffic steering towards LTE can result in failures if handover was triggered too early when LTE is not yet stable enough.
2.1.2.1 Too late inter-RAT HO

If in case of 3G coverage holes the inter-RAT handover is not initiated fast enough to escape into LTE coverage provided that LTE coverage is available. Otherwise, it would be identified as coverage hole., Following the current intra-LTE principle for the root cause analysis the RLF is reported on LTE side where UE reconnects and the LTE cell has to inform (with RLF indication) the 3G side (i.e. the RNC controlling the cell where the RLF has occurred). 

Even though the RLF is reported on LTE side, it is obvious that this problem case cannot be treated LTE internally. The problem was created on 3G side and has to be treated there, so inter-RAT signalling may be required.

One could also consider too late inter-RAT HO without RLF (reduced LTE coverage issue). In case of rather conservative parameter setting the handover from full coverage 3G deployment is carried out only when LTE provides very good radio link conditions. Similar to the “unnecessary inter-RAT HO” discussed in section 2.1.1.2 this “too late inter-RAT HO” leads to waste of LTE coverage.
To avoid this problem requires either continuous and periodic inter-RAT measurement reports (which also wastes resources) or it can be tried to blindly tweak the parameters of the measurement event used for this TS driven handover as long as RLF due to “too early inter-RAT HO” (see following section 2.1.2.2) are not counted.
2.1.2.2 Too early inter-RAT HO

RLFs due to too early inter-RAT HO might happen if too aggressive settings are chosen. In order to maximally exploit LTE coverage the UE is handed over to the unstable LTE fringe where shadowing results in coverage islands and overshoots. The UE experiences a RLF shortly after the handover and reconnects to 3G.

In this case the RLF also occurs in LTE. But waiting for the RLF reporting until the UE comes back to LTE does not prevent from inter-RAT communication. Though the LTE cell which accepts the RLF report sends LTE internally an RLF indication to cell where RLF occurred, this cell discovers too short connection time and has to send an HO Report with “too early” to the RNC controlling the cell initiated the preceding inter-RAT handover. An LTE self-contained MRO solution is not possible.
This issue can be seen as the counterpart of the problem case discussed above (too late HO without RLF). Balancing these two issues is the task of the mobility robustness optimization process which has to be done in cooperation of traffic steering, since 3G(LTE handovers are mainly forced by traffic steering.
2.1.2.3 Handover to wrong cell of new RAT
The rationale for the occurrence of this failure type is the same as described above in section 2.1.1.3. 

For this scenario where the UE is handed over from 3G to a partly deployed LTE overlay network, the probability that the chosen cell of the new RAT is unstable is quite high and, therefore this failure type might occur quite often.
In that case, the RLF occurred in LTE after an inter-RAT HO from 3G and reconnects to another LTE cell, i.e. UE stays in LTE. RLF reporting and RLF indication to cell where RLF occurred is carried out within LTE straightforward according Rel’10, However, this cell realizes that the problem was caused by the proceeding inter-RAT handover from 3G and, therefore inter-RAT messaging for the root cause analysis is required.
2.2 Rural area deployment with LTE-800
For instance, Germany prepares to launch LTE using digital dividend spectrum in 800 MHz band. The lower frequency band will allow mobile broadband to be rolled-out more economically to rural areas as well as providing better ‘in-building’ coverage. From that perspective the situation might become opposite and LTE provides at least in rural and sub-urban areas better coverage than 3G. Furthermore, the regulator requires that rural areas have to be served with high priority. Of course, broader coverage does not change the fact that LTE, as a new deployment, may still be less stable than 3G.
In that case radio driven handover from 3G to LTE, where 3G coverage ends while LTE is providing basic coverage, are rather frequent and RLFs due to too late inter-RAT handover are quite reasonable MRO issues. In case of this “too late inter-RAT HO” from 3G to LTE, the RLF occurred in 3G and the RLF reporting is done on LTE side which requires an inter-RAT RLF indication message to inform the RNC controlling the 3G cell where the RLF happened and the inter-RAT handover was missed. A self-contained LTE solution without inter-RAT message exchange is not feasible.
Assuming also that LTE is the high priority RAT, the UE will not be handed over from LTE as long as the signal quality is sufficient. If LTE signal becomes weak while 3G neighbours with acceptable signal strength are detected, a radio-driven LTE(3G handover has to be triggered with the problem cases already described in section 2.1.1.
With given scenario assumptions and prioritization of LTE, the failure type “handover to wrong cell in the new RAT” occurs only if the inter-RAT handover is carried by accident at a location where the target cell suffers from high co-channel interference and the UE therefore experiences bad SINR.

Shortly after a successful inter-RAT HO from 3G to LTE the UE experiences a RLF and reconnects to another LTE cell, i.e. UE stays in LTE. RLF reporting and RLF indication to cell where RLF occurred can be done on LTE side. But the LTE where the RLF occurred realizes that the connection was too short and, therefore, has to send an HO Report with “HO to wrong cell of new RAT” to the 3G network. Also this failures case shows that inter-RAT messaging for the root cause analysis is needed.
Table 1 summarizes the inter-RAT failure cases for two discussed controversial scenarios and for both handover directions. The problems are mainly characterized in terms of RLF (yes / no) and the trigger cause, i.e. either radio driven (i.e. serving signal weakness) or traffic steering driven. RLFs of radio driven handovers are highlighted with grey and have directly to be treated by MRO, while RLFs of TS driven HOs (highlighted as light grey) need to be treated in cooperation of MRO and TS.

	Inter-RAT failure cases
	Limited LTE coverage
	Rural area deployment with LTE-800
(LTE provides basic coverage)

	
	LTE(3G HO
	3G(LTE HO
	LTE(3G HO
	3G(LTE HO

	Too late
	RLF

Radio driven HO
	No RLF
Coverage issue

TS driven HO
	n.a. 

	RLF

Radio driven HO

	Too early
	No RLF
“Unnecessary inter-RAT HO” [4]
Coverage issue

Radio driven HO
	RLF

TS driven HO
	n.a. 2
	n.a.


	HO to wrong cell
	RLF
bad SINR 

Radio driven HO
	RLF

TS driven HO
	n.a. 2
	RLF
bad SINR 

TS driven HO


Table 1: Summary of inter-RAT issues for two controversial scenarios
It can be seen that there are more relevant RLF afflicted inter-RAT handover issues which should be treated by MRO and therefore a more holistic approach should be envisaged where only failures can be treated. 

3 Summary
The discussion of the potential inter-RAT mobility failure cases on two rather realistic deployment scenarios has shown that a self-contained LTE solution only works for one single failure type, namely “too late inter-RAT HO” outgoing from LTE. All other failure types require an inter-RAT message exchange.

Proposal 1: It is proposed to focus on following inter-RAT MRO scenarios:

1) Too late HO to other RAT 
(to 3G in limited LTE coverage and to LTE in LTE-800 coverage)

2) Too early HO to LTE

3) HO to wrong cell at other RAT

From that fact it is proposed to extend the intra-LTE root cause analysis procedure towards inter-RAT mobility from LTE to 3G and vice versa. That also means direct inter-RAT signalling is likely to be needed.
Proposal 2: It is proposed to discuss needed inter-RAT communication from LTE to 3G and vice versa:

Furthermore, since significant part of mobility decisions are expected to be based on traffic steering, MRO must take that into account.
Proposal 4: Inter-RAT cell change is often triggered by traffic steering and, therefore, inter-RAT mobility problems have to be identified as such and treated in cooperation with traffic steering.
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� Depending on assumed traffic steering rule. It is assumed that UE is kept in high prio RAT (LTE) which provides full coverage. 


� Assuming full LTE coverage the HO from 3G can be done anytime (e.g. triggered by traffic steering) without risking RLF
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a) Unnecessary inter-RAT HO ��Too conservative HO parameter setting results in LTE coverage reduction







b) Too late inter-RAT HO ��Thresholds are too aggressive what results in plenty of RLF failures for UEs leaving LTE coverage
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