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1 Introduction
In the recently approved HETNET WI [1] one of the objectives is the following.
· Improve overall HO performance with regard to HO failure rate and Ping-pong in HetNet environments.

In this contribution, two solutions directions for handover performance improvements in HetNets are discussed. Simulation results comparing these solution directions are discussed in a companion paper [2].
2 Discussion
During the study item phase in Rel-11 [3], several technical solutions were proposed to improve the handover (HO) performance in terms of handover failure rates and ping-pong rates in HetNet environment. To address the high handover failures rates in HetNet environment we proposed the following enhancements:

Option1:  Mobility State Estimation (MSE) Enhancement at UE

Option 2:  Enhancement based on RSRP Measurements

In the following we summarize the two approaches to freshen up the discussions in RAN2. 

2.1 Option 1: MSE Enhancement at UE
Enhancing existing MSE mechanism has been discussed in detail during the SI phase; following are the different possible solution options (MSE based approaches)
· Rel-8 MSE

· MSE with Enhanced counting 
· MSE with Enhanced counting + P2M offset

· MSE with enhanced counting + P2M offset scaling
MSE with Enhanced Counting (Counting only Macros): A simple Enhancement of Rel 8 MSE (applicable only for Hetnet) is to consider only macro to macro handover counts for mobility state estimation [4]. Handovers to and from pico cells are not counted.
Selective/weighted counting of Picos in addition to Macros: Consider the MSE event count for handover by different values depending on the cell type of source and target cell [5]. This effectively means that the MSE count is incremented by a weight that depends on the type of handover, e.g. macro-macro, macro-pico, pico-macro and pico-pico, where pico-related handover events get smaller weights for the MSE event count.
Using a P2M offset: During the study item phase many companies observed; that the Pico to Macro (P2M) handover performance was the worst in terms of handover failure rates (especially state2 PDCCH failure). So, one possibility is to focus on the ways to handle the P2M failures. The State 2 HO failures happen because the UE is unable to receive the handover command as its wideband CQI is less than Qout for a long period of time, i.e. this scenario can be viewed as a delayed handover. As a solution we can enforce an early handover decision when the Pico cell is the source and the target is a Macro cell. One way to handle the P2M rates would be by introducing an offset that would expedite the P2M HOs. In order to expedite the P2M handover an offset (called as P2M_off) is introduced for only the P2M handover scenario [6]. While evaluating the A3 event for the P2M handover case, this can be seen as: 

a. RSRP(M) + P2M_Off > RSRP(P) + A3_Off (Entering Cond)
b. RSRP(M) + P2M_Off < RSRP(P) + A3_Off (Leaving Cond)
Over all observation on MSE enhancements
· It is not just enough to enhance the UE MSE but also use some other methods (like P2M offset) to obtain good overall results (HOF, PingPong and Short TOS). A combination of the above mentioned mechanisms will have to be used in conjunction with each other which can be “difficult” in implementing.

· The above enhancements may not work well under uncoordinated Pico deployment scenarios (Picos without X2) and may require on the fly OAM updates. Enhancing MSE is still an approximation and not future proof

2.2 Option 2: Enhancement based on RSRP Measurements
RSRP measurement based approaches for improving handover performance in HetNet has been considered in [7], [8] during the study item phase. This section considers resolving issues arising in HetNet environments based on radio measures alone i.e. without introducing intermediate concepts reflecting UE mobility state or cell size or network topology. It is expected that solutions only based on radio measurements can address a wider range of scenarios and hence are more future proof. 
The following figure shows a typical case of the RSRP measurement results for a UE passing from macro cell through a pico cell. The measurement results plotted below are based on the simulation assumptions captured in TR 36.839 for calibration phase. 
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Figure 1 Example of RSRP measurement results performed by UE.
Radio measurement only based mechanisms would more likely be able to cater a wider range of scenarios and hence could be more future proof. One possible option would be to also consider the rate at which the radio signals change i.e. the gradient. There are several flavours to calculate the gradient. In Table 1 an example of source-target gradient calculation is depicted. One may also consider the gradient of the source cell itself. In general, the gradient is defined as follows:

Gradient (Δ) = Delta-signal/Delta-time

Where: the Delta-signal may be source-target signal difference or just the source signal difference.
Table 1 Gradient calculation based on UE RSRP measurement.

	Distance
	Macro
	Pico
	Macro-Pico
	Delta-sig
	Delta-tim
	Gradient

	0.0
	15
	-91
	106
	 
	 
	 

	25.0
	-32
	-88
	56
	-50
	3.0
	-16.7

	50.0
	-44
	-86
	42
	-14
	3.0
	-4.7

	75.0
	-51
	-83
	32
	-10
	3.0
	-3.3

	100.0
	-56
	-72
	16
	-16
	3.0
	-5.3

	112.5
	-57
	-64
	7
	-9
	1.5
	-6.0

	125.0
	-55
	-57
	2
	-5
	1.5
	-3.3

	137.5
	-57
	-48
	-9
	-11
	1.5
	-7.3

	150.0
	-59
	7
	-66
	-57
	1.5
	-38.0

	162.5
	-63
	-48
	-15
	51
	1.5
	34.0

	175.0
	-64
	-66
	2
	17
	1.5
	11.3

	187.5
	-65
	-73
	8
	6
	1.5
	4.0

	200.0
	-66
	-77
	11
	3
	1.5
	2.0

	225.0
	-63
	-85
	22
	11
	3.0
	3.7

	250.0
	-62
	-87
	25
	3
	3.0
	1.0

	275.0
	-61
	-89
	28
	3
	3.0
	1.0


From the sample values in the table above, it shows that upon entering and leaving the pico cell the rate of change of the difference in RSRP between macro and pico has quite large values (positive upon entry, negative upon departure). The table suggests that it may be possible to use the measurement gradient to encourage or discourage handover to a candidate cell as shown in Figure 2. 
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Figure 2 Example of actions on evaluation of gradient at UE.
In general, when the serving cell has high RSRP, the UE can have a longer time to HO to the target cell before it is disconnected from the serving cell. On the other hand, the UE needs to HO faster when the serving cell RSRP is low. To avoid state 2 HO failures, the UE needs to send its measurement report sooner such that the HO command can be received successfully. Therefore scaling the TTT based on the gradient value is a viable option to consider. When considering scaling the TTT based on the gradient, we followed the following rule:
Gradient (Δ) = Delta-signal/Delta-time
choose TTT such that Δ < Δthreshold, where Δthreshold corresponds to a  TTT.

This means when the gradient is above a threshold then scale TTT otherwise we do not scale TTT. Simulation results of the handover performance based on the gradient approach are compared with UE MSE enhancement approach in a companion paper [yy]. 

Over all general observation on Gradient approach
· Radio measurement only based mechanisms would more likely be able to cater a wider range of scenarios and hence could be more future proof. 
· Considering rules based on appropriate source and target Gradients can lead to achieving better balance between HOF, Ping-Pong’s and Short TOS. 
3 Conclusion
Proposal: We summarize the issues of enhancing MSE for HO performance enhancements; we also present the Gradient approach for addressing the issues of HO performance in HetNets. We would like a fair discussion on both the approaches based on the simulations in the companion paper.
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