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1. Introduction

In RAN2#83b, the solution to keep the macro cell in the active set was proposed, whose intention is to reduce the signalling and further improve the mobility performance in case of SRB over HSPA in [1]. This paper further analyzes the solution and tries to suggest the way forward for the next step.
2. Discussion

2.1 Overview of the solution description
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Figure 1. Keep a macro cell1 in active set when UE moves between C and D

As illustrated in Fig 1 above, the basic procedure is: 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.
· Case 1: When UE enters to the CELL_DCH state from the idle state in the small cell, RNC selects the macro cell based on the local configuration and configures the radio link of the macro cell for UE. When UE moves toward the macro cell, there is no need to report Event 1A to add this macro cell back to the active set. As a result, the active set update procedure for adding the macro cell is saved.
· Case 2: When UE moves from the macro cell to the small cell, RNC keeps the macro cell in the active set. For example, UE will not report Event 1B for the macro cell when the serving cell is the small cell. As a result, the active set update procedure for removing the macro cell from the active set is avoided. When UE moves toward the macro cell, there is no need to report Event 1A to add this macro cell back to the active set. As a result, the active set update procedure for adding macro cell to the active set is avoided.
2.2 Possible impacts of keeping a macro cell in the active set

Technically from UE side, there could be two different behaviors:

· Either UE doesn’t report 1B or 1A, or,

· UE reports, but the network doesn’t handle the report

But for the two cases above, the consequences should be the same, i.e., the macro cell link may be out of synchronization with UE when UE is in the area between C and D. 
· RLF procedure
According to the downlink synchronization criteria description in TS 25.214/4.3.1.2, in case of F-DPCH configuration, UE estimates the quality of the TPC fields of the F-DPCH frame received from the associated serving HS-DSCH cell. When the small cell is serving cell and is in downlink synchronization, the out-of-sync primitive could not be reported. Therefore UE could not encounter the RLF when the macro radio link is in bad radio condition.
In case of DPCCH configuration, UE also could not encounter the RLF since UE evaluates the quality of DPCCH received from the radio links in the active set and the serving radio link is in good radio condition. 

· Uplink power control
According to the uplink power control description in TS 25.214/5.1.2, when UE is in soft handover, multiple TPC commands may be received from different cells in the active set. UE may wrongly decode the TPC command from the macro cell due to its bad radio condition when UE is the area between C and D.

As long as UE follows the combining of reliable TPC commands in the DPCCH from radio links of different radio link sets as specified in 25.101, UE should be able to decode downlink TPC command, the power control remains in normal operation status. If UE could selectively combine the TPC command from the cells in the active set based on the quality of the F-DPCH, the uplink power control should not be impacted. However, it has not specified the UE behavior to selectively combine the TPC command in stage3 specification both for F-DPCH and DPCCH case.
· Downlink power control

In case SRB over DPCCH, UE adjusts the DPCCH/DPDCH power in order to keep the received downlink SIR at a given SIR target. When the UE is in soft handover, the UE should estimate SIRest from the downlink signals of all cells in the active set. If UE determines the TPC command based on the radio link, the quality of which is above the defined level then the downlink power control could not be impacted. This behavior has not been defined in specification.
In case of F-DPCH, UE adjusts the F-DPCH power of the HS-DSCH serving cell based on the downlink TPC command error rate target value signaled by the UTRAN. It is not impacted by the F-DPCH of the other radio link
· Downlink DPDCH reception
In case of SRB over DCH and UE is in soft handover area, when UE is in CD area, it is up to network implementation that the network may stop the downlink DPDCH/DPCCH transmission. If UE combines the DPCH from the macro cell then it could impact the downlink reception performance since it just increases the noise. If UE could selectively combine the DPDCH from the cells in the active set based on the quality of the radio link, then the downlink reception could not be impacted. This behavior has not been defined in specification.
According to above analysis, the specification impacts for this solution are mainly following:

· UE selectively combines the power control command based on the quality of F-DPCH/DPCCH.

· UE selectively combines the DPDCH based on the quality of DPCCH
· In addition, it is simple for the network if UE does not report 1B for the macro cell in the active set, therefore the additional specification is following: Network to indicate cell type to UE (Macro cell, small cell)

· UE not to report 1b for the macro cell in the active set.
We provide the simulation results below in table 1&2 to show benefits above.

2.3 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. 
The benefits of this solution are: 

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

· Less number of ASU messages exchange further improve the mobility performance, especially for high speed UEs; 
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.
2.4 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 to keep macro cell always in active set, i.e. CELL_DCH UE does not report the Event 1B when the serving cell is the small cell.
Proposal 2: UE selectively combines the power control command based on the quality of the F-DPCH/DPCCH of the cells in the active set.
Proposal 3: UE selectively combines the DPDCH based on the quality of the DPCCH of the cells in the 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 to keep macro cell always in active set, i.e. CELL_DCH UE does not report the Event 1B when the serving cell is the small cell.
Proposal 2: UE selectively combines the power control command based on the quality of the F-DPCH /DPCCH of the cells in the active set.
Proposal 3: UE selectively combines the DPDCH based on the quality of the DPCCH of the cells in the active set.
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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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