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1. Introduction
A study item on heterogeneous network was initiated at the last RAN plenary [1]. In this contribution, we highlight some of the issues regarding existing mobility procedures when used in conjunction with low power node deployments.
2. Mobility Aspects for HSPA HetNets
The success/failure of the following mobility related events have been briefly evaluated for Heterogeneous Network deployment scenarios in this contribution. 
1. Legacy Serving Cell Change (Synchronized/UnSynchronized) SCC Procedure 
2. Enhanced Serving Cell Change (E-SCC)Procedure  
3. Active Set Update Procedure
This contribution considers only Iub implementation for backhaul. Iuh implementation is not considered.
3. Simulation Framework
Table 1 and Table 2 describes the simulation framework with assumptions related to carrier frequency (CF), distant dependent path loss, antenna pattern, shadowing as adapted from [2]. Table 3 describes the UE related parameters (mobility related parameters, UE speed, Fading Channels, direction of travel). Table 4 describes Cell Layout parameters. 
[bookmark: _Ref99889735]Table 1: Macro-cell Parameters for system simulation
	Parameter
	Assumption

	Antenna pattern 

	


 = 70 degrees,  Am = 20 dB 

	Total BS TX power (Ptotal)
	43dBm  5MHz carrier,   

	Distance-dependent path loss from Macro  node to UE
	
L= 128.1+37.6log10(R)



	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 [ETSI TR 101 112]

	Carrier Frequency
	CF= 2GHz 



Table 2: Pico-cell Parameters for system simulation 
	Parameter
	Assumption

	Distance-dependent path loss from Pico nodes to UE*1
	
 for 2GHz, R in km


	
	

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 [ETSI TR 101 112]

	
	

	Shadowing correlation

	For outdoor pico/Hotzone
0.5


	Penetration Loss  
	20dB

	
	

	
	

	Antenna pattern  (horizontal)
	
 dB (omnidirectional)

	
	

	Carrier Frequency
	CF= 2GHz 

	Total Pico Cell Tx Power
	30dBm, 5MHz carrier



Table 3: UE Parameters for system simulation
	Parameter
	Setting

	UE Speed
	3kmph, 30kmph, 60kmph, 90kmph, 120kmph

	UE power class
	 23dBm (200mW)
This corresponds to the sum of PA powers in multiple Tx antenna case

	Fading Channel
	AWGN, Pedestrian A, Vehicular A

	Filtering Time Constant (K)
	K=3
Note: dB domain 1st order IIR filter is implemented as per current 3GPP spec (Time Constant = 458ms for K=3 based on an observation interval of 200ms).

	Network delay for processing UE RRC messages
	200ms

	Event 1a parameters
	CIO macro :0dB
CIO pico: 3dB
W: 0
Reporting Range: 4.5
TTT: 0ms
Hysteresis: 0dB

	
	

	Event 1d parameters
	CIO macro :0dB
CIO pico: 3dB
TTT: 320ms
Hysteresis: 3dB

	
	

	
	

	UE distance
	Minimum distance from UE to Pico: 2m
Maximum distance from UE to Pico: 50m

	UE direction of travel
	UE travels at an angle of Φ relative to the line joining Macro Cell center to Pico Cell Center. 
Direction of travel should cover both Macro -> Pico and 
Pico->Macro 
Φ = 0, 30, 60, 90 degrees

	
	



Table 4: Cell Layout Parameters for system simulation 
	Parameter
	Setting

	Layout
	57 Macro Cells, all Macro Cells transmitting at full power. 1 Pico Cell is dropped inside the coverage of center NodeB

	Macro  Inter Site Distance
	500m

	Pico Location relative to macro
	Distance from Macro:
75m, 150m, 240m from Macro Cell Center
Angle of Orientation of Pico with respect to Macro antenna (θ): (See figure below shown for center NodeB for clarification)
0, 30, 60, 90 degrees 
[image: ]



4. Simulation Methodology
The simulation methodology is explained as follows:
1. 57 macro cells are deployed in the system. In addition, 1 Pico Cell is dropped inside Cell0 of centre Macro NodeB. Pico Cell is dropped such that the line joining Pico cell centre to macro cell centre is at an angle of θ to the main lobe of the macro antenna.  
2. Initial UE location depends on direction of travel. If the direction of travel is from Pico to Macro, initial UE location is 2m from Pico on the line joining the macro cell centre to Pico cell centre. UE then moves towards the macro at an angle of Φ relative to the line joining macro cell centre to Pico cell centre. If the direction of travel is from Macro to Pico, initial UE location is 50m from Pico on the line joining the macro cell centre to Pico cell centre. UE then moves towards the pico at an angle of Φ relative to the line joining macro cell centre to Pico cell centre. 
3. EcpIo from the strongest two cells (Macro, Pico) is recorded every 0.2m. 
4. EcpIo from each cell is filtered as per the filter time constant. Since the number of samples per time constant will vary due to different UE speed, the first order IIR filter coefficient is accordingly adjusted as per the following:
a. Number of samples per Filter Time Constant is calculated: 
Num_samples_per_Tc = Time Constant/(inter_measurement_time)
Inter_measurement= 1000*step_size/ue_speed
Step_size is assumed to be 0.2meters
UE_speed is expressed in meters/sec
Time Constant is in ms. (Signalled value of K is converted into ms for eg: K=3 corresponds to 458ms for CELL_DCH)
b. IIR coefficient for first order IIR filter is calculated as 
 
c. Filter EcpIo for each cell as 
 for each new EcpIo sample generated every 0.2m.
5. Evaluate Event 1a and Event 1d criteria using above filtered EcpIo of macro and pico cells
6. Report Event 1a.
7. Wait for Network_delay (200ms) for processing Event 1a.
8. Record unfiltered Ecp/Io of serving cell after network delay from reporting event 1a. This will be the Ecp/Io of ASU message.
9. Repeat similarly for event 1d to measure unfiltered Ecp/Io of serving cell when PCR/RBR arrives at the UE.

5. Performance Metrics
5.1	Legacy SCC Success Failure Metric

For legacy SCC to succeed, the Active Set Update message adding the new cell to the active set in response to the generated event 1a as well as the Radio bearer reconfiguration (or Phy channel reconfiguration) message in response to the event 1d must be successfully received from the serving (source) cell. Between the ASU and RBR, reception of RBR/PCR is the stronger criteria since it will be received much later (and event 1d can only be triggered on cell currently in active set). If the RBR/PCR is not received (not successfully decoded at the UE due to radio conditions), the SCC will fail which would in turn lead to a call drop. For measuring SCC success/failure the true EcpIo (unfiltered EcpIo) of the serving cell should be higher than a certain threshold. Assume EcpIo threshold for successful decode for Active Set Update as well as PCR/RBR is -20dB. In summary, the below must be recorded for each case for determining success/failure of SCC.
1. True EcpIo when ASU, PCR/RBR is received at the UE
2. SCC success/failure as defined by true EcpIo above or below a threshold of -20dB when the above messages are received at the UE. 
For eg:, Table 5 shows the true EcpIo of serving cell when PCR/RBR is received at the UE (for AWGN channel and θ =0degrees). The cells in red are SCC failure scenarios for the various speeds considered.


Table 5: True EcpIo of Serving Cell when PCR/RBR is received at UE for AWGN, θ = 0deg, Φ = 0 deg
	UE direction of travel
	Distance from Pico to Macro
	True EcIo of Serving Cell (dB) when PCR/RBR is received at UE (dB)

	
	
	

	
	
	3kmph
	30kmph
	60kmph
	90kmph
	120kmph

	Pico->Macro
(Pico is SC)
	75m
	-16.8
	-26.4
	-34.7
	-41.1
	-46.9

	
	150m
	-16.5
	-21.7
	-26.9
	-31.0
	<-40

	
	240m
	-17.3
	-20.5
	-24.0
	-26.9
	-29.5

	Macro->Pico
(Macro is SC)
	75m
	-13.1
	<-40
	<-40
	<-40
	<-40

	
	150m
	-12.9
	-19.5
	<-40
	<-40
	<-40

	
	240m
	-13.6
	-16.4
	-23.5
	-37.7
	<-40



5.2 E- SCC Success Failure Metric
For E-SCC to succeed, the Active Set Update message adding the new cell to the active set in response to the generated event 1a must be successfully received from the serving (source) cell. The ASU message contains important information pertaining to pre-configuration of the neighbor non-serving cells (for eg: HS-SCCH channelization code index of the HS-SCCH order). If the ASU is not received, the UE will not be able to trigger event 1d on a cell not yet in the active set and thus E-SCC will fail. Assume EcpIo threshold for successful decode for Active Set Update as well as PCR/RBR is -20dB. In summary, the below must be recorded for each case for determining success/failure of ESCC
3. True EcpIo when ASU is received at the UE
4. SCC success/failure as defined by true EcpIo above or below a threshold of -20dB when ASU is  received at the UE. 
For eg: Table 6 shows the true EcpIo of serving cell when ASU is received at the UE (for AWGN channel and θ =0degrees). The cells in red are E-SCC failure scenarios for the various speeds considered.
Table 6: True EcpIo of Serving Cell when ASU is received at UE for AWGN, θ = 0degrees, Φ = 0 degrees
	UE direction of travel
	Distance from Pico to Macro
	True EcIo of Serving Cell (dB) when ASU is received at UE (dB)

	
	
	

	
	
	3kmph
	30kmph
	60kmph
	90kmph
	120kmph

	Pico->Macro
(Pico is SC)
	75m
	-11.8
	-17.1
	-22.3
	-26.2
	-29.7

	
	150m
	-11.6
	-14.3
	-17.3
	-20.1
	-22.4

	
	240m
	-12.1
	-13.9
	-16.0
	-17.9
	-19.6

	Macro->Pico
(Macro is SC)
	75m
	-10.9
	-13.8
	-25.0
	<-30
	<-30

	
	150m
	-11.0
	-12.0
	-14.1
	-17.5
	-23.3

	
	240m
	-12.0
	-12.5
	-13.3
	-14.4
	-15.9



Initial results indicate that E-SCC alone may not be sufficient to handle mobility in Heterogeneous Networks. Further enhancements to E-SCC may be necessary.

6. Conclusion
In this contribution, a simulation framework for mobility study of a user in a heterogeneous environment of macro and low power nodes for UMTS is introduced. Metrics for the above described study are also identified. It is proposed that this simulation framework be discussed further with the aim to arrive at a commonly agreed system scenario for studying mobility in a heterogeneous deployment of macro and low power nodes for UMTS. Initial results indicate that E-SCC alone may not be sufficient to handle mobility in Heterogeneous Networks. Further enhancements to E-SCC may be necessary.
Proposal: Adopt the proposed simulation framework in order to study mobility procedures
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