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1. Introduction

In RAN#61 plenary, the WI of UMTS Hetnet mobility was approved [1]. The objectives of this work item are:

· Consider solutions for small cell discovery and identification.  Focus should be on proximity detection (UE based, NW based, UE based NW assisted) and the relaxed inter-frequency measurements for UE in Non DCH state (RAN2, RAN3, RAN4)

· Consider solutions to improve mobility for UEs with high speed. (RAN2, RAN4)
· Consider solutions to support mobility function for massive small cell deployments focusing on extended NCL list. (RAN2,RAN3, RAN4)
· Consider further mobility enhancements (e.g. intra-frequency event triggered reporting on the secondary carrier). (RAN2, RAN4)
In RAN2#83, RAN2 have reached on the conclusion on the second bulletin. 
Agreements:

For the solution options to speed based mobility, it is proposed that all the solution options could be further discussed/analysed in the WI phase.

This paper further discusses the solutions related with DCH state and tries to suggest the way forward for the next step.
2. Discussion

During Study phase, there are four solutions were proposed to improve mobility performance:

1 Keep the macro cell in the active set

2 UE speed knowledge based mobility

3 Avoid handover or reselection to small cells without using speed estimation. 

4 Additional cell information per cell in NCL in CELL_DCH

For solution 4, the additional information per cell may help for UE measurement. It can be considered as an ad-hoc solution for previous 3 solutions. We analyze the first three solutions and provide some simulation results for the solutions.

2.1 Keep the macro cell in the active set
2.1.1 Solution description
The main approach of this solution is to keep a macro cell always in the active set, which could reduce the number of handover signaling messages for UEs’ travelling across the small cell, e.g., when UE enters the coverage of a small cell, the UE will not report 1b for macro cell, and the active set update procedure for removing macro cell from active set will not be triggered. When UE moves toward the macro cell, there is no need to report 1a to add this macro cell back into the active set.
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Figure 1 Keep a macro cell1 when UE between C and D
Note: UE triggers Event 1A at point A, UE triggers Event 1D at point B, UE triggers Event 1B at point C, UE triggers Event 1A at point D, UE triggers Event 1D at point E, UE triggers Event 1B at point F.
The specification impacts for this solution are very limited:

· Network to indicate cell type to UE (Macro cell, small cell)

· UE not to report 1b for the macro cell in the active set.

The benefits of this solution are: 

· The number of signaling messages are reduced which could save some radio resources;

· Less number of signaling messages exchange could further improve the mobility performance, especially for high speed UEs; 

We provide the simulation results below in table 1&2 to show benefits above.

2.1.2 Simulation results

The simulation assumption is provided in annex. Table 1 shows the number of handover for different UE speed for macro only and HetNet deployment.
Table 1: the number of handover signaling messages for different UE speed and different deployment scenario 
	UE speed
	3 km/h
	30 km/h
	60 km/h
	90 km/h
	120 km/h

	baseline (macro only)
	493
	2163
	4287
	5867
	7147

	HetNet (1 Macro + 4 Small cell)
	770
	3965
	6404
	8233
	10027

	Increased HO rate compared to baseline
	56.19%
	51.74%
	49.38%
	40.33%
	40.30%

	HetNet + Keeping macro

(1 Macro + 4 Small cell)
	560
	3706
	5882
	7623
	9029


From this table, we can observe that the number of handover signaling is increased significantly for HetNet deployment scenario. 
Table below shows the reduction of the handover signaling number if the solution of keeping the only macro cell in the active set is used.
Table 2. Gain of the Reduced Numbers of handover procedures 

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

	Increased HO Number for Hetnet compared with Baseline
	277=

770-493
	1352=
3965-2163
	2117=
6404-4287
	2366=

8233-5867
	2880=
10027-7147

	Decreased HO Number for HetNet with keeping macro
	210=
770-560
	259=
3965-3706
	522=
6404-5882
	610=
8233-7623
	998=
10027-9029

	Rate of HO Number decease (%)
	75%
	19%
	24%
	25%
	34%


Note: Rate of HO Number decease (%) = Decreased HO Number for HetNet with keeping macro/ Increased HO Number for Hetnet compared with Baseline * 100%.
From the table above, we can observe about 19% ~ 75% of handover signaling number reduction after using the “keep macro cell in the active set” solution. This will save radio resource and signaling processing resource at network side.

There are four type of handover considering the source cell type and target cell type:

· M2M: The source cell is macro cell and the target cell is macro cell.

· M2P: The source cell is macro cell and the target cell is small cell.

· P2M: The source cell is small cell and the target cell is macro cell.

· P2P: The source cell is small cell and the target cell is small cell.

The solution will not impact the handover failure ratio for M2M, M2P and P2P. However, as the macro cell is kept in the active set, the handover failure ratio will be decreased for P2M handover. Below table shows handover failure reducing for the solution.

Table 3. The number of P2M handover failure for different UE speed

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

	1Macro+4 small Cell without keeping macro cell (Baseline)
	0
	3
	39
	110
	206

	1Macro+4 small Cell with keeping macro cell
	0
	2
	32
	80
	185

	HOF decreased rate
	0.00%
	33.33%
	17.94%
	27.27%
	10.19%


From table above, we can observe about 10%~20% reduction in the number of handover failure after using the “keep macro cell in the active set” solution for high speed UE for P2M mobility scenario. 

Observation 1: The solution of keeping the macro cell always in active set could significantly decrease the number of handover signaling messages and, improve the handover performance for P2M mobility scenario.
2.2 Solution based on UE speed knowledge

This main approach of this solution is to dynamically configure the NCL through addition or removal of small cells into NCL based on the knowledge of UE speed information, which could be estimated through the statistics of the frequency of cell reselection or active set changes, so that network could control to handover or not to handover the UE to small cells. Some additional info, e.g., cell size or cell type, could help the estimation to be more accurate.

Theoretically, to not include small cells into NCL for medium and high speed UE could potentially avoid unnecessary handover UE to/from small cells, through which improvement of HO performance could be expected. However, there are some realistic issues which would impact the final performance of this solution:
· The accuracy of the speed info: Actually it is difficult to get accurate and timely speed info with current mechanism, since the frequency of handover or cell reselection is closely related with the size of a macro cell and the moving direction of a UE, unless we use GPS and let UE report the actual speed info.
· Difficulty in making decision of adding or removing small cells: Since the network doesn’t know the moving direction of the UE, and in practice a small cell should not be in a regular shape, while the decision has to be based on the working assumption that, UE is traversing the small cell, and the small cell is of regular shape. Given such difficulties, very likely the network could not make a timely and accurate decision of adding or removing small cells in the NCL.
Therefore, we could have the following observation:

Observation 2: for solution based on UE speed knowledge, performance gain depends on the accuracy and usage of the speed, which is closely related with the detailed mechanism and implementation. 
2.3 Solutions to avoid handover or reselection to small cells without using speed estimation. 

The main approach of this solution is that in CELL_DCH state it is possible to configure measurements in order that some measurement parameters are applicable to small cells and others to macro cells. 
The intention of this solution is to treat small cell and macro cell differently. However, the main problem is, without knowing the UE’s accurate speed info, it is difficult for the network to configure suitable small cell specific parameters. Actually the problem here is very similar as what observed for solution 2, we could take high speed and low speed UEs respectively as example to see the potential issues.

· For high speed UEs, it is obvious that handover/reselection to small cells should be avoided for high speed UEs, which could be achieved by configuring those parameters applicable to small cells, e.g. larger TTT, high hysteresis or small CIO. The first problem here is, the network doesn’t timely and accurately determine UE’s speed status which would make network difficult to configure a suitable TTT value. Secondly, larger TTT would result in a later HO if HO is finally needed, during which UE would suffer intra-frequency interference since UE is not served by a suitable serving cell. 
· For low speed UEs, less than 30KM/H for example, handover/reselection to small cells is preferred when UE is within the coverage of a small cell, since UE could enjoy better service with a more suitable serving cell, i.e., small cell in this case, which should require a shorter TTT, small hysteresis or large CIO. On other hand, since UE is of low speed, which actually requires no specific considerations for these mobility parameters expect a suitable TTT, simulation results below justify such observations.
Figure 2 show the simulation results for different UE speed with different TTT and CIO. As could be seen that, with TTT=640ms and CIO=0 or 3, for each speed level the handover failure rate is remarkably higher than other case. (Here TTT=320/640 means 640 for M2M and P2P, 320 for M2P and P2M)
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Figure 2 HOF rate Comparison for different TTT
Observation 3: Larger TTT would result in higher handover failure rate

2.4 Summary

Based on the analysis and observations above, we could see benefits from the solution of keeping macro cell always in active set under HetNet deployment scenario.

Proposal 1: It is proposed that for CELL_DCH UEs under HetNet deployment scenario, to the mobility performance issue based on UE speed, RAN2 should focus on the solution of keeping macro cell always in active set.
3. Conclusions
In this document we analyzed some solutions to the issues of mobility performance issue based on UE speed for DCH state, it is proposed RAN2 to discuss and approve the following proposal.
Proposal 1: It is proposed that for CELL_DCH UEs under HetNet deployment scenario, to the mobility performance issue based on UE speed, RAN2 should focus on the solution of keeping macro cell always in active set.

4. References

[1] RP-131348, WID UMTS HetNet Mobility, Huawei, Hisilicon
5. Annex

Table 1: Mobility simulation assumptions
	Parameter
	Value

	Macro-pico deployment type
	Co-channel

	Simulation time[s]
	50

	Cell loading [%]
	100

	Number of sites/sectors
	19/57

	Power of Macro cell[dBm]
	43

	LPN deployment method
	Random placement: LPN randomly and uniformly placed within a Macro cell satisfying the distance requirement

	Num of LPN per macro cell
	4

	Power of LPN cell[dBm]
	30

	UE num per macro cell
	4

	UE deployment method
	Random placement: UE randomly placed within a Macro cell

	UE speed  [km/h]
	3, 30, 60, 90,120

	UE movement
	Random

( After initially being dropped at a random location, the UE will randomly select a direction and move in a straight line at a constant speed)

	Event 1A, 1B Reporting Range [dB]
	1A 3, 1B 6

	Event 1A, 1B, 1C TimeToTrigger [ms]
	1A 320, 1B:640, 1C:320

	Event 1A, 1B, 1C Hysteresis [dB]
	1A:0dB, 1B:0dB, 1C:4dB

	Event 1A, 1B Maximum Network Delay [ms]
	100 for SRB over HSPA

(the interval between the time UE sends a mobility event report (E1a, E1b) on the UL till the time it receives a L3 confirmation on the DL ( ASU ))

	Event 1D TimeToTrigger [ms]
	640

	Event 1D Hysteresis [dB]
	4

	Event 1D Maximum Network Delay [ms]
	200  for SRB over DCH and 100 for SRB over HSPA

(the interval between the time UE sends a mobility event report (E1d) on the UL till the time it receives a L3 confirmation on the DL ( RBR or PCR))

	Tmeasurement period intra [ms] 
	200

	Layer3 Filter Parameter K

(corresponding to 458ms filter time constant with Tmeasurement period intra =200 ms)
	3

	CIO [dB]
	0 

(value 0 for Macro/LPN to  Macro , 0 & 3 for macro/LPN to LPN)

	Max active set size
	3

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

	UL UE category
	2ms TTI 

	Active set size to trigger 1C
	Equal to Max active set size

	Active set size to trigger 1A
	Equal to or lower than (Max active set size-1)

	Event 1A, 1B W
	0

	Period to evaluate the Ping-pong handover [s]
	1
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