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1
Introduction
During RAN2#84 meeting UE speed based mobility has been discussed and addressed with several contributions [1, 2]. The discussion [3] around the solutions presented in [1] and [2] is focussed around the questions whether Cell Individual Offset (CIO) could be used to address the problem of specific UE speed based mobility in a Heterogeneous Network. The aim of this paper is the elaboration on this approach; results discussion and comparison with cell specific TTT. 
2
Background information 
During the previous RAN2 meeting results on the usage of different TTT values in HetNet environment have been presented [1, 2]. From those results one can conclude that using a different time to trigger for UEs moving towards and outwards LPNs might be beneficial in terms of reducing the number of Handover Failure Rate (Active Set Update and Serving Cell Change failures). The UE speed and direction versus the small cell has an impact on the results and with the right set of TTT settings simulation results were showing a positive impact on HO success rate. 
It is now left to be shown if only CIO value variation could help us achieving an optimal HOF and ping-pong rate in Hetnet deployments. In the subsequent sections simulation results are presented where the effects of CIO on UE mobility along with comparison to different TTT settings are discussed. 
3
Cell Individual Offset impact on UE mobility in HetNet
3.1
Background of CIO and TTT
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Figure 1: Comparing the principles of CIO and TTT
Figure 1 depicts an exemplary view of the region between the Macro and LPN cell. In this view points A and B are the DL coverage boundary of the LPN and the Macro cell respectively. Also two points are additionally shown, 1 and 2, which are the points at which event 1A could be qualified (1 is with CIO of given dB and 2 is with CIO of 0 dB). These 2 points are shown in the exploded view of passage of time in the right top corner of the figure. The exploded view shows a point in RED which is technically where the LPN primary CPICH quality (RSCP or Ec/No) falls within the configured threshold. Further in the same exploded view, the GREEN lines show the place where the event is formally reported to the network (the number of arrows are nothing but the TTT we already know of and they could have potentially different values chosen by the network). For e.g. when the CIO is 3 dB and the measured cell strength are     -15 dB the effective value used for comparision is -12 dB. This signal strength is the event used as an entry point for the given handover event state machine. Over and above this the TTT provides a debouncing to make sure the measure remains constant within the TTT duration. At the end of the TTT duration, if the signal strength still is -12 dB the event is reported to the network. It is clear that having lower TTT value will tend to increase the amount of events reported while increasing the TTT value will make it more and more difficult for events to be reported to the network. Here is where the essential connection to HOF and ping-pong rate happens.
Observation 1: The CIO is a parameter added to the pilot strength of a measured cell to induce quicker or delayed handover, provided the event remains satisfied for the duration indicated by the TTT.
Observation 2: The TTT is a parameter to control the confidence interval of the pilot strength of a measured cell for measurement event reporting (thus controllig the HOF and ping-pong rate). By fine-tuning the TTT an optimal balance could be achieved between the HOF and ping-pong could be achieved.
Observation 3: It is meaningless to talk about an absolute value of CIO and/or TTT. The value becomes relevant only when these values are discussed in a context of HOF and ping-pong rate KPIs.
Conclusion 1: A variation of only CIO (keeping TTT fixed) and vice-versa will not lead to an optimal operating point of HOF and ping-pong rate.
Conclusion 2: For every LPN establishing an equivalence of CIO and TTT might just be unrealistic to expect. The step-size i.e. granularity of CIO (0.5 dB) additionally may make it quite difficult to get an optimal HOF and ping-pong rate operating point by keeping TTT fixed. Joint variation of CIO and TTT provide better control of the HOF and ping-pong rate.
3.2
Simulation assumptions

As discussed above, the CIO is used in equations evaluating conditions upon which particular measurement events are triggered. The considered measurement events are 1A, 1B, 1C and 1D which are evaluated according to equations specified in [5]. Events 1A and 1B (and 1C for addition and removal) are used to add or remove a cell from a UE’s Active Set (AS), whereas event 1D is used to change the current serving cell (“change of best cell”).  Hence, how those measurements are executing in the HetNet environment is crucial to UE mobility performance. 
The simulations have been performed for 4 LPNs per 43dBm macro cell (on the same frequency) where each LPN had the power of 30dBm. Other parameters used in this simulation study have been captured in Table 1, below. 
Table 1, Intra-frequency simulation assumptions

	Parameter
	Value

	Macro-pico deployment type
	Co-channel

	Cell loading [%]
	100

	Number of sites/sectors
	7/21

	Event 1A, 1B Reporting Range [dB]
	1A 4.5, 1B 4.5

	Event 1A, 1B, 1C 1D Hysteresis [dB]
	1A:0dB, 1B:0dB, 1C:1dB, 1D: 1 dB

	Event 1A, 1B, 1C, 1D Maximum Network Delay [ms]
	200ms

	Tmeasurement period intra [ms]
	200

	Layer3 Filter Parameter K
	3

	Threshold for receiving RBR/ASU, Ec/Io [dB]
	-23dB (dual rx)

	LPN power
	30 dB

	1A TimerToTrigger
	320ms

	1B TimerToTrigger
	640ms

	1C TimerToTrigger
	320ms

	1D TimerToTrigger
	320ms

	Cell Individual Offset 
	0, 3dB, 6dB, 9dB


Another important parameter to consider is 1D failure rate. The results for this metric have been broken down to 4 categories dependent on the inbound and outbound cell type:
· - macro -> LPN SHO
· - LPN -> macro SHO
· - LPN -> LPN SHO
· - macro -> macro SHO
3.3. 
Simulation Results

Using the described simulation assumption the following simulation results have been obtained. 
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Figure 1, Time of Stay on LPN layer [%]
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Figure 2, 1A, 1C, 1D and total SHO failure ratio
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Figure 3, Total ping-pong rate 
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Figure 4, Event 1D fail ratio for different origin and target cell (M-macro, P-LPN) and different values of CIO
3.4
Results discussion
From the results shown in section 3.2 the following observations can be made: 
1. The increase of CIO increases the UE Time of Stay (ToS) at an LPN (Figure 1), The CIO enlarges the SHO area and therefore UE ToS is increasing. 
2. The total HO failure rate decreases with the increase of CIO value for UEs moving faster than 40km/h (below 40 km/h this behavior is opposite); However breaking down the SHO failure rate into categories reveals that an increase in CIO increases the SHO failure rate for 1D events (Figure 2) and reduces the event 1A failure rate. Based on this we can conclude that CIO impact on mobility is not straight forward and may be contradictory. 
3. The overall ping-pong rate can be considered “constant” for any values of CIO equal or larger than 3dB (Figure 3). Setting the CIO to 0 dB shows a distinctively higher ping-pong rate than all the other values. Also, it should be noted that ping-pong rate for UE speed above 30 km/h seems to stabilize around one value.
4. Changing the LPN CIO value does not influence the macro to macro event 1D failure rate. This impact is however visible for macro to pico mobility, where a cell individual offset increase results in higher fail rate. The pico to macro and pico to pico 1D fail rate seems not be influenced with different values of CIO (Figure 4) The different values of CIO have an impact on 1D event fail ratio in such a way that an increase in CIO increases the 1D fail rate for macro to LPN case (Figure 4).
3.5 
CIO comparison with TTT values
Upon comparison of CIO results shown in section 3.2 with TTT simulation results from [1] the following conclusions can be made: 
1. TTT modifications compared to CIO have a much higher positive influence on SHO success rate. 
2.  Undesired ping-pong rate can be reduced by setting the CIO to 3dB or higher. 
3. An increase in CIO increases 1D handover failures for the cases of macro to LPN mobility. All other combination for inbound and outbound 1D handover failure rate is not influenced by different CIO values. 
4. The TTT modification influence positively the total event 1A fail rate and total event 1D fail rate but CIO modification has positive impact only to total 1A event fail rate and negative impact for total event 1D fail rate.

Additionally, it is worth mentioning that the application of a moderate value of CIO is beneficial since it reduces the imbalance between macro and LPNs. It also increases the offloading towards small cells and reduces ping-pong rate, hence it is a substantial factor of how well the LPNs are utilized within the RAN. 
Those benefits of CIO application in HetNet are obvious. However, it is important to remember that mobility optimization is different from capacity (via CIO) tuning. As shown in Figure 4 a too large value of CIO has a detrimental effect on UE mobility performance towards small cells. In those cases, as shown in [1], it is much more beneficial to utilize cell specific TTT values, since these issues can be mitigated with the right timing settings. 
The CIO is one of the main tools for LPN capacity extension for DL and UL and has important effect of UL/UL imbalance value which causes several problems with handling control channels receptions, E-DCH scheduling etc. [4]. Therefore, CIO optimization is important from capacity and channel receptions robustness point of view. The additional consideration of CIO optimization for mobility performance optimization could create opposite requirements for final CIO value selection for particular cell. There is also a possibility to have automatic CIO adaptation to load situation ([4]) so this proposal could cause more difficulties with additional CIO optimization for mobility performance. 
A much better approach is to optimize CIO for the best capacity performance and with the selected CIO values the process of TTT optimization could be performed for mobility performance.
Conclusion 3: CIO application in HetNet scenario provides benefits in terms of cell capacity and reduced ping-pongs, but it may have a detrimental effect on total 1D event success rate. 
Conclusion 4: CIO optimization for capacity and mobility performance could have contradictory requirements 
4
Conclusion
In this paper the application of different CIO values for UE mobility in HetNet environment has been discussed. Simulation results with different CIO values have been provided showing LPN time, HO fail rate, ping-pong rate and 1D fail rate for different source and target cell type. According to the provided result the following conclusions can be made:
Conclusion 1: A variation of only CIO (keeping TTT fixed) and vice-versa will not lead to an optimal operating point of HOF and ping-pong rate.

Conclusion 2: For every LPN establishing an equivalence of CIO and TTT might just be unrealistic to expect. The step-size i.e. granularity of CIO (0.5 dB) additionally may make it quite difficult to get an optimal HOF and ping-pong rate operating point by keeping TTT fixed. Joint variation of CIO and TTT provide better control of the HOF and ping-pong rate.
Conclusion 3: CIO application in HetNet scenario provides benefits in terms of cell capacity and reduced ping-pongs, but it may have a detrimental effect on 1D event success rate. 
Conclusion 4: CIO optimization for capacity and mobility performance could have contradictory requirements. 
It has been also concluded that application of CIO provides several benefits in terms of higher offload towards LPN and reduced ping-pong values, however compared to results showing the impact of TTT on mobility [1] the latter approach should be applied since it does not provide detrimental effect on 1D success rate and not cause clashes with CIO optimization for capacity performance. 
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