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Discussion and Decision
1      Introduction
It has been agreed that we should focus on “Improve overall HO performance with regard to HO failure rate and Ping-pong in HetNet environments” [1] in the HetNet Mobility Enhancements WI. Mobility state estimate (MSE) is used to adjust the time to trigger (TTT) to send the measurement report from UE to serving eNB to enhance the HO performance. Current mobility state estimation is based on cell count within a period of time. This method is highly inaccurate [5] to reflect the UE mobility state because (1) UE can walk towards the center of the cell or just pass the edge of a cell and (2) it does not take cell size into account. This contribution proposes a method to estimate UE mobility without using cell count, and with increase accuracy from 50% to 80%. 
Large scale system level simulation is conducted for evaluation. Simulation assumptions are aligned with those captured in TR 36.839 [2] and are listed in Annex A.
In addition, in this contribution we also provide some answers to address the questions/concerns raised during RAN2 email discussion [82#16].
2      Discussion
The proposed approach uses RSRP to identify how far UE travels within a cell. Figure 1 shows two UE trajectories: A and B. Assume each color represents the RSRP in that area. Typically, RSRP indicated in green is higher than blue and RSRP in blue is higher than orange due to smaller propagation loss. The approach is to capture the RSRP difference (maximum and minimum) within each cell the UE traverses. This will take into account of how UE travels within a cell. In Figure 1, UE A will have a RSRPgreen – RSRPorange value and UE B will have a close to zero value for this cell. 

Figure 1: Two UE trajectories within a cell

Figure 2 shows an example of a sequence of handovers from a UE. The UE will store the maximum RSRP and minimum RSRP during the time it stays in each cell. The total weighted sum of the difference of RSRP within the evaluation window will be used to determine UE speed.
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Figure 2: Example of a sequence of handover
To determine UE mobility, we first calculate RSRP diff sum using the following equation and compare with the threshold value set by the network for each UE mobility state.
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where n is the total number of cells UE connected/cell-reselected to within the evaluation period (e.g. TCRmax) 

- RSRPcell i max : maximum RSRP in cell i during the time UE is connected or reselected
- RSRPcell i min : minimum RSRP in cell i during the time UE is connected or reselected
Setting threshold for UE mobility states

There are two possible options to define UE mobility states selection criteria depending on number of mobility states

· 3 states:

If  RSRP diff sum  ≤  α, 









UE is in normal mobility state
If  RSRP diff sum  >  α, and  RSRP diff sum  ≤  β, 
UE is in medium mobility state
If  RSRP diff sum  >  β,







 

UE is in high mobility state

· 2 states:

If  [image: image4.png]


 QUOTE  
 RSRP diff sum  ≤  α 
, 


UE is in normal mobility state
Otherwise, 







UE is in high mobility state

Where [image: image6.png]
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 can be set by the network and signaled by higher layer signaling. 

Comparison with Release 8 MSE

Figure 3 - Figure 6 show the CDF of cell count (for Rel-8 MSE) and CDF of ‘RSRP diff. sum’ (for RSRP based MSE) for different UE speeds and deployments. In R8 MSE CDFs (left figures), CDF curves are not well separated by the cell counts for different UE speed. By using RSRP based MSE, different UE speed CDF curves are well separated by carefully selected the sum diff. RSRP threshold.
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Figure 3: CDF comparison of R8 MSE and RSRP based MSE for 1 pico cell deployed at each macro cell edge
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Figure 4: CDF comparison of R8 MSE and RSRP based MSE for 1 pico cell per macro cell
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Figure 5: CDF comparison of R8 MSE and RSRP based MSE for 2 pico cells per macro cell
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Figure 6: CDF comparison of R8 MSE and RSRP based MSE for 4 pico cell per macro cell
HO performance comparison 
The simulation results presented here compare the RSRP based MSE with three other MSE methods with the following setting:

· All One: Count both macro cell and pico cell as one cell (current MSE in release 8)

· Macro Only: Count only macro cell

· Weighted: Use the following weighting factor for different cell types:
	Weight
	Type A-E
	Type F-G

	Macro to macro
	1
	1

	Macro to pico
	0.3
	0.45

	Pico to macro
	0.3
	0.25

	Pico to pico
	0.15
	0.1


For each method, table below shows all parameters are used in the simulation.

	Type
	A
	B
	C
	D
	E
	RSRP-MSE
	F
	G

	t_evaluation (TCRmax)
	120
	60
	30
	30
	30
	120
	30
	120

	t_hystnormal (TCRmaxHyst)
	30
	30
	30
	30
	30
	30
	30
	30

	n_CellChangeMedium (NCR_M)
	1
	1
	1
	3
	7
	-
	2
	7

	n_CellChangeHigh (NCR_H)
	2
	2
	2
	5
	11
	-
	4
	13

	A3offset 
	High = 2dB, Medium = 2dB, Low = 1dB
	3
	3

	TTT 
	High (H) = 40ms, Medium (M) = 40ms, Low (L) = 480ms
	H = 480ms, M = 240ms, L = 120ms

	Filtering factor
	1
	4


Figure 7 shows for overall MSE accuracy for different algorithms. In all cases, RSRP based MSE achieves 80% accuracy while Rel-8 MSE (All one) and other methods have less than 60% accuracy in determining UE mobility states.
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Figure 7: Average accuracy over all UE speeds

Figure 8 and Figure 9 show HOF and Short time of Stay performance. HOF is always a trade off of Short time of Stay. In our A3offset and TTT scaling, we choose a more aggressive setting than other algorithms. This results about 50% HOF enhancement but maintains similar Short time of Stay in compare to R8-MSE in homogenous networks. One can adjust the parameters to reduce short time of stay in trade of increasing HOF.
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Figure 8: Average HOF/UE/s over all UE speeds
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Figure 9: Average Short time of Stay over all UE speeds

Trade off between HOF and short ToS using different parameters in RSRP based MSE approach
To understand better how the scaling of A3offset and TTT affect the HOF and short ToS HO performance, we investigate 3 sets of parameters (shown in the follow table) to show the trade off between HOF and short ToS. The network can also adjust RSRP diff sum to fine tune to the UE mobility states estimation accuracy. In this contribution, we have selected 110 and 400 as our RSRP sum threshold. 
	Type
	Set 1
	Set 2
	Set 3

	t_evaluation (TCRmax)
	120

	t_hystnormal (TCRmaxHyst)
	30

	Filtering factor
	1

	A3offset 
	High = 2dB, Medium = 2dB, Low = 1dB
	High = 1dB, 
Medium = 1dB, 
Low = 1dB
	High = 3dB, 
Medium = 3dB, 
Low = 3dB

	TTT 
	High = 40ms, Medium = 40ms, Low = 480ms
	High = 40ms, Medium = 200ms, Low = 480ms
	High = 480ms, Medium = 240ms, Low = 120ms


Figure 10 and Figure 11 show the HOF and Short ToS for different RSRP-MSE settings. Set 1 is the most aggressive parameter because for medium and high mobility UE, TTT is set to 40ms. As a result, it reduces the HOF but increases short ToS. Set 3 is the most conservative setting. The A3offset is 3dB and the lowest TTT is 120ms. Therefore, the short ToS is very low while HOF increases compare to other two sets of data. 
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Figure 10: HOF/UE/s for different RSRP-MSE settings
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Figure 11:Short ToS/UE/s for different RSRP-MSE settings
Simulation results comparison with Set 3
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Figure 2:HOF and SToS performance compare with Set 3 and Rel 8 MSE

Figure 2 shows the comparison of our proposed RSRP based MSE with Set 3 and Rel 8 MSE. RSRP based MSE is more accurate than Rel-8 MSE and yields slightly better performance in HOF. When compared with Set 3, HOF increases in the macro only case but the performance is better in SToS across all deployments.   
Questions in the email discussion

We provide here some answers to address the questions/concerns raised during RAN2 email discussion [82#16].
	Ericsson
	This solution appears to be complex. We are not sure the shown benefits justify the increased complexity in the mechanism. Furthermore, even though this method is appears to be better in estimation the speed of the UE, it does not seem to translate that well into KPIs like handover failures and short time of stay.

	Response:

Regarding complexity, UE only need to keep track of max RSRP and min RSRP during the time of stay of a cell. The UE is already doing the measurement. Summation of such RSRP difference only takes one operation (in Rel-8 MSE, we need to add cell count anyway). So I don’t think the algorithm is complex. 

Regardless HO enhancement should be MSE based or not, MSE accuracy is important for other related features enhancement based on mobility state. In meeting #82, we agreed that the UE shall provide mobility information to the network at RRC connection setup. Therefore, MSE accuracy should be considered in addition to HO enhancement.  

	Nokia Siemens Networks, Nokia Corporation
	We think this proposal #8 is a standalone MSE enhancement solution and is not clear as to how it is used to improve the mobility performance. As already discussed in RAN2, any MSE enhancement must show how it is used to improve mobility performance. Associated with MSE enhancement there must be a speed based or speed dependent solution showing mobility performance improvement with simulation results.

	Response:

Please see the updated results for the mobility performance enhancement.

	Nokia Siemens Networks, Nokia Corporation
	Similar questions as for Solution #3: (1) is the RSRP gradient based on PHY layer measurements or L3 filtered values of RSRP, (2) how does RSRP measurement errors influence the performance of this solution, (3) how to define UE test case to ensure same UE behaviour independent of modem vendor.

	Response:

There is no additional measurement required in this solution. The regular L3 filtered is used and the simulation results show that the measurement errors do not influence the performance. The reason is that the measurement error is quite small in compare to the absolute values itself. L3 filter in fact eliminate the effect of fast fading effect.

	Fujitsu
	In R2-131396, it is proposed to scale A3 offset and TTT based on RSRP/RSRQ values while in R2-131399, it is proposed to enhance the current MSE and the HO performance by scaling A3 offset and TTT based on the UE speed is simulated. To scale A3 offset and TTT, one solution is enough. So we are wondering which one is the Intel’s preference, based on RSRP/RSRQ to scale TTT/A3 offset or based on UE speed to scale TTT/A3 offset, and what’ s the reason for the preference.

	Response:

We think that for mobility HO enhancement, fast HO using RSRP with PP avoidance achieve the best performance. We think that HOF has little correlation but not fully depend on the UE mobility. The reason we proposal a more accurate MSE is that there is other improvement may depend on mobility states.

	CMCC
	We agree that it’s a little bit complicated to be implemented. For example, how to configure the thresholds effectively?

	Response:

Any MSE will need some kind of threshold. For example, current Rel 8 has a cell count threshold. Weighted MSE not only need a threshold but also weighted for each cell or HO type. This MSE is a modification of Rel-8 MSE by taking UE trajectory into count.   

	ZTE
	To implement this solution, it seems UE requires to buffer historical RSRP value.
And, the same argument for Proposal 3 stands. How to handle the case where the signal strength suddenly gets bad due to shadowing or something else.

	Response:

The UE only needs to buffer 2 RSRP values which are the maximum and the minimum within a cell. L3 filter is used to eliminate the shadowing effect. 

	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	We have similar concerns as proposal #3  and also have doubts about the consistency and accuracy of the gradient based solution.   We see this as fairly complex and made worse from having to introduce this on top of the existing measurement procedures.

	Response:

Regarding complexity, UE only need to keep track of max RSRP and min RSRP during the time of stay of a cell. The UE is already doing the measurement. Summation of such RSRP difference only takes one operation (in Rel-8 MSE, we need to add cell count anyway). So I don’t think the algorithm is complex. 

To clarify, there is no additional measurement procedure in this solution. The existing RSRP measurement is used and it is not required additional measurements.

	ITRI
	According to TR 36.839, the mobility state would be biased owing to the current MSE. We agree that enhanced MSE should be discussed to improve the mobility robustness. However, the intention of enhanced MSE to estimate the real UE speed or to have the more accurate mobility states is not clear. We think that it would be better to have accurate mobility states, not the real UE speed. Therefore, simulation results should show mobility performance of enhanced MSE having accurate mobility states.
We are wondering the measurement accuracy whether having impact on performance (e.g., CRS colliding/non-colliding). Second to NSN, is RSRP based on PHY layer measurements or L3 filtered values of RSRP? How many measurement results does the solution need? We also concern power consumption if frequent measurement is performed.
If UE goes around the eNB circularly, does this solution work? We are wondering whether or not different cell deployments have impact on the solution.

	Response:

We agree with ITRI that we need to have more accurate mobility state estimation instead of estimate real UE speeds. The intention of the contribution is to provide a more accurate mobility state estimation. There are no additional measurements needed in this solution. Therefore, there is no additional power consumption. Regular L3 filter is used to eliminate fast fading effect. 
We agree that this algorithm will fail when the UE is moving in a circular within a cell. However, Rel-8 MSE and other proposed solutions will also fail in this special case. We have implemented different deployments including Macro only, 2 pico and 4 pico per Macro cell. The simulation results show consistence results.  

	I2R
	Given the concern on complexity, we wonder how much performance gain the proposal can provide compared to other simpler MSE enhancements.

	Response:

Regarding complexity, UE only need to keep track of max RSRP and min RSRP during the time of stay of a cell. The UE is already doing the measurement. Summation of such RSRP difference only takes one operation (in Rel-8 MSE, we need to add cell count anyway). So I don’t think the algorithm is complex. 

The comparisons of different solutions are provided in this contribution.

	ETRI
	We agree with ALU.

	Response:

Please see ALU response. 


3      Conclusion
In this contribution, we investigated an MSE approach using sum of RSRP differences. Our simulation results show that the RSRP based MSE can achieve 80% accuracy in determining UE mobility state in comparison to less than 50% accuracy in other methods. Even though we believe that HO enhancement is better when we apply Fast HO with PP avoidance [6], a more accurate MSE may be needed for other purposes. If we believe HO enhancement for Hetnet is better off to be based on estimation of UE speed, we should use a more accurate MSE to scale A3offset and TTT. We propose that RAN2 consider using RSRP based MSE.

Proposal: RAN2 to consider using RSRP based MSE for Rel-12.
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4      Annex A - Simulation assumptions
Large scale simulation uses bouncing circle model.
Table A-1: Radio configurations for macro and pico cells
	Items 
	Macro cell 
	Pico cell

	ISD
	500m
	

	Distance-dependent path loss 
	TR 36.814 [4] Macro-cell model 1
	TR 36.814 [4] Pico cell model 1

	Number of sites/sectors
	19/57
	1

	BS Antenna gain including Cable loss 
	15dB
	5dB

	MS Antenna gain 
	0 dBi
	0 dBi

	Shadowing standard deviation 
	8 dB 
	10 dB 

	 Correlation distance of Shadowing

NOTE: this is the distance where correlation is 0.5 (not 1/e as defined in TR 36.814 B.1.2.1.1)
	25 m
	25 m

	Shadow correlation
	0.5 between cells/ 1 between sectors
	0.5 between cells

	Antenna pattern
	The same 3D pattern as is specified in TR 36.814,  Table A.2.1.1-2 [4]
	Omni, as is specified in TR 36.814, Table A.2.1.1.2-3 [4]

	Carrier Frequency / Bandwidth 
	2.0Ghz/ 10MHz 
	2.0Ghz/ 10MHz 

	BS Total TX power 
	46 dBm 
	30dBm 

	Penetration Loss
	20dB
	20dB

	Antenna configuration
	1x2
	1x2

	Minimum distance
	The same requirements as specified in TR 36.814 [4].


Table A-2: RRM/RLM configurations
	Items
	Description

	Fixed Pico cell placement
	Fixed location(s) as shown in Figure 5.4.5.1-2 of TR [1] RP-110709, Study on HetNet mobility enhancements for LTE, Alcatel-Lucent. [1]

	Number of Random Pico cell placement
	0, 1, 2, 4

	Cell loading 
	100%

	UE speed 
	3km/h, 30km/h, 60km/h, 120km/h

	Channel model 
	TU (fast fading included)

	TimeToTrigger  [ms]
	Refer to the table

	A3-offset [dB]
	Refer to the table

	TMeasurement_Period, Intra,  L1 filtering time in TS36.133 
	200ms 

	Layer3 Filter Parameter K
	Refer to the table

	Measurement error modeling for relative RSRP
	To obtain the 90% bound for +/- 2 dB, a normal distribution with deviation = 2 dB / (sqrt(2)*erfinv(0.9)) = 1.216 dB is used (ref: TS36.133 [3])

	Measurement error modeling for absolute RSRQ
	To obtain the 90% bound for +/- 2.5 dB, a normal distribution with deviation = 2.5 dB / (sqrt(2)*erfinv(0.9)) =  1.5199 dB is used (ref: TS36.133 [3])

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms
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