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1. Introduction
In RAN3 63bis meeting, three types of handover failures had been categorized and identified in Mobility Robustness Optimization use case, and detailed detection signatures of each failure type had been described. Whereas, we believe that not all failure scenarios had been included in [1], which are very important and be taken into account for mobility robustness optimization. As such, we propose two additional handover failure scenarios which should be included in TR 36.902 for this use case.
2. HO failure detection signature
In [1], HO failures had been categorized for three types, which are

· Failures due to too late HO triggering

· Failures due to too early HO triggering

· Failures due to HO to a wrong cell

And further, the detection signature of these failures had been described as follows,
· Signature of Too Late HOs may be summarized by:

· RLF in the source cell before the HO was initiated or during HO procedure,
· UE re-establishes the connection in a cell different than the source cell.
· Signature of Too Early HO may be summarized by:

· RLF occurred short time after the UE successfully connected to the target cell 

· UE re-establishes the connection in the source cell

· Signature of HO to a wrong cell may be summarized by:

· RLF occurred short time after the UE successfully connected to the target cell 

· UE re-establishes the connection in a cell other than the source cell or the target cell

We notice that there are two handover failure scenarios are not covered by above, 

(a)  one of which is  

· 
UE failed to connect to the target cell, and then

· 
UE re-establishes the connection in the source cell.
This scenario can be categorized as Too Early HO, and the difference with above signature is that UE didn’t succeed to access on the target cell, leading to handover failure by the timeout of T304, but not RLF. 
(b)  the other is

· 
UE failed to connect to the target cell, and then

· 
UE re-establishes the connection in a cell other than the source cell or the target cell.
This scenario can be categorized as HO to wrong cell, and the only difference with present signature is that the access failure on the target cell leads to handover failure by the timeout of T304, but not RLF. 

It might be argued that these scenarios don’t cause RLF, which doesn’t bring severe impact for users.  Nevertheless, from the network performance point of view, they are both account for handover failure and surely contribute to the system overall handover failure rate, which is one of the most important KPIs evaluating the network performance by operators, and often referred to determine the necessity of optimisation on the handover related parameters or even adjustment of base stations deployment to improve network service quality. 
3. Impact for service of the two failure scenarios 
It had been said that the handover failure not leading to RLF may not bring much negative experience of users, consequently may not be taken into consideration for mobility optimisation. However, we believe that such handover failures followed by RRC re-establishment might have impact on user service, although the connection to network had not been broken down.
For the handover failure and RRC recovery procedures demonstrated in the following figure, we can briefly evaluate the additional service interruption time caused by HO failure not leading to RLF.
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Figure 1:  Procedure of HO failure followed by RRC re-establishment
According to [2], the additional delay time due to handover failure followed by RRC re-establishment is calculated as follows,

TUE-re-establish_delay = 50 ms + Nfreq*Tsearch + TSI + TPRACH
For the simplest case, considering following setting 

Nfreq =1, 
Tsearch = 100ms, 
for the above case a), the connection is re-established on the source cell, then TSI =0,

for the above case b), the connection is re-established on another cell, TSI could be set 80ms  (assuming the even distribution within [0, 160ms]). 



TPRACH =10ms,
As the sum, we can get the delay time is about 160ms ~ 240ms. 
Although it is hard to get very accurate interruption time caused by handover failure and RRC re-establishment right now, we can roughly evaluate the interruption time is about 150ms longer than that of successful handover. Since normal successful handover procedure will introduce some delay, which means the delay brought by HO failure and connection re-establishment will be for sure much more than 150ms. 
From the standardized QCI table in [3], we can find that there are 5 categories of service which packet delay budget are less than (or equal to) 150ms, i.e. QCI 1, 2, 3, 5 and 7, including both GBR and Non-GBR service.

Based on these services’ QoS requirement, the delay time caused by the two failure scenarios in chapter 2 is not negligible especially for real time service, and will degrade the service quality, which might be perceptive by users. Consequently, from the end user QoS point of view, these handover failure scenarios should be considered for handover optimization. 
4. Proposal
According to the above discussion and analysis, we propose RAN3 to agree the following text proposal and add the two additional handover failure scenarios for Mobility Robustness Optimization use case: 
a) UE failed to connect to the target cell, and then UE re-establishes the connection in the source cell, which should be categorized as Too Early HO.
b) UE failed to connect to the target cell, and then UE re-establishes the connection in a cell other than the source cell or the target cell, which should be categorized as HO to wrong cell.
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Start of first change
4.5.1
Use Case description

Manual setting of HO parameters in current 2G/3G systems is a time consuming task. In many cases, it is considered too costly to update the mobility parameters after the initial deployment. 

For some cases, RRM in one eNB can detect problems and adjust the mobility parameters, but there are also examples where RRM in one eNB can not resolve problems:
Incorrect HO parameter settings can negatively affect user experience and wasted network resources by causing HO ping-pongs, HO failures and radio link failures (RLF). While HO failures that do not lead to RLFs are often recoverable and invisible to the user, RLFs caused by incorrect HO parameter settings have a combined impact on user experience and network resources. However, both the two cases contribute to the overall handover failure rate which is one of the most important KPIs of network performance. Therefore, the main objective of mobility robustness optimization should be reducing the number of HO-related radio link failures as well as the overall handover failure rate. Furthermore, non-optimal configuration of handover parameters, even if it does not result in RLFs, may lead to serious degradation of the service performance. Example of such a situation is incorrect setting of the HO hysteresis, which may be the reason for either ping-pong effect or prolonged connection to non-optimal cell. Thus the secondary objective will be reduction of the inefficient use of network resources due to unecessary or missed handovers.

End of first change

Start of second change

4.5.2
Required Functionality

4.5.2.1  Detection of Too Late HO

If the UE mobility is more aggressive than what the HO parameter settings allow for, handover can be triggered when the signal strength of the source cell is already too low – leading to a RLF; or handover may not be triggered at all if a RLF preempts it. Signature of Too Late HOs may be summarized by:
· RLF in the source cell before the HO was initiated or during HO procedure,

· UE re-establishes the connection in a cell different than the source cell. 

4.5.2.2  Detection of Too Early HO

Too early HO can be triggered when the UE enters unintended island of coverage of another cell contained inside the coverage area of the serving cell. This is a typical scenario for areas where fragmented cell coverage is inherent to the radio propagation environment, such as dense urban areas. Signature of Too Early HO may be summarized by:
· Either RLF occurred short time after the UE successfully connected to the target cell, or UE failed to connect to the target cell
· UE re-establishes the connection in the source cell

4.5.2.3  Detection of HO to a Wrong Cell

If the Cell Individual Offset (CIO) [5] parameters are set incorrectly, the handover, albeit timed correctly, will be directed towards a wrong cell. Signature of HO to a wrong cell may be summarized by:
· Either RLF occurred short time after the UE successfully connected to the target cell, or UE failed to connect to the target cell
· UE re-establishes the connection in a cell other than the source cell or the target cell

End of second change
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