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1. Introduction

A study item on Scalable UMTS was started in RAN#58 [1]. As identified in the SID, the objective of this study item is to define deployment scenarios and evaluate the performance for S-UMTS. 

In this contribution, we present evaluation methodology for S-UMTS link level.
2. Channel Model

As agreed in RAN1 #72, the chip rate of S-UMTS could be reduced to ½ or ¼ from the existing 3.84 Mcps operation. Typically, in a UMTS link simulator, the wireless multipath resolution is in units of the over sampling frequency K/Tc at the output of the transmitter filter where Tc = 1 UMTS chip and K is the oversampling factor. This is shown in Figure 1.
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Figure 1: Sampling frequency at Tx filter output in UMTS.

As proposed in [3], channel multipath resolution should be invariant in different S-UMTS bandwidths, which could be realized by using the same channel sampling rate as in the legacy UMTS system. Via this way, the existing PA, PB and VA channel designed for legacy UMTS evaluation can be reused for S-UMTS. 
For example, when K=4, the oversampling frequency is 15.36MHz in legacy UMTS system. If it maintains the same multipath resolution, the S-UMTS oversampling frequency will be (K*N)/ Tc` = (K*N) / N*Tc =  K / Tc. Therefore, the oversampling in S-UMTS is also 15.36MHz. This is illustrated in Figure 2.
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Figure 2: Sampling frequency at Tx filter output in S-UMTS to maintain the same multipath resolution as in UMTS.
3. Link Level Simulation Assumptions
Simulation assumptions for standalone S-UMTS downlink, S-UMTS carrier aggregation downlink and standalone S-UMTS uplink are defined in the next subsections. 
3.1 Downlink Simulation assumptions
Table 1 lists the baseline parameters to be used for standalone S-UMTS DL link simulations. Reference scenarios specific parameters can be found in Table 2. 
Table 1: General Simulation Assumptions for standalone S-UMTS Downlink
	Parameter
	Value

	Carrier Frequency
	900 MHz, 2GHz

	Scaling factor
	1; Legacy UMTS carrier
2; S-UMTS carrier
4; S-UMTS carrier (HSPA data only)

	P-CPICH_Ec/Ior
	-10dB

	P-CCPCH_Ec/Ior
	-12dB 

	SCH_Ec/Ior
	-12dB 

	PICH_Ec/Ior
	-15dB 

	HS-SCCH_Ec/Ior
	-12dB

	HS-PDSCH_Ec/Ior
	Remaining power so that total transmit power spectral density of Node B (Ior) adds to one

	Spreading factor for HS-PDSCH
	16

	Modulation
	QPSK, 16QAM, 64QAM

	TTI [ms]
	DCH: 20ms

	TBS
	Variable for HS-PDSCH

AMR12.2K for DCH

	HSDPA Scheduling Algorithm
	CQI based

	Geometry
	[-5 0 5 10 15 20]dB

	CQI Feedback Cycle
	1TTI, 2TTIs

	CQI feedback error
	1%
CQI error means CQI erasure, in which case the Node B uses the previous CQI

	HS-DPCCH ACK/NACK feedback error
	1%

	Maximum number of HS-DSCH codes
	Up to 15*SF16 for TTI=2ms*Scaling factor per carrier for HS-PDSCH

	Number of HARQ Processes
	6

	Maximum HARQ Transmissions Time
	50ms * Scaling factor 

	HARQ Combining
	Incremental Redundancy

	First transmission BLER
	10% after 1 transmission

	Number of Rx Antennas
	2 

	Channel Encoder
	3GPP Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	CQI Feedback delay
	8ms*Scaling factor (the case TTI length is increased); 

8ms (the baseline or the case TTI length is not increased)

	Propagation Channel Type
	PA3,VA3, VA30,VA120

in specific cases AWGN simulations could be used

	Channel Estimation
	Realistic

	Noise Estimation
	Realistic

	UE Receiver Type
	1-Rx Rake and 2-Rx LMMSE (Type 3)

	Antenna imbalance [dB]
	0

	Tx Antenna Correlation
	0

	Rx Antenna Correlation
	0


Table 2: Reference Scenario Specific Parameters for S-UMTS
The first deployment scenarios to consider

	Mode of Operation
	Bandwidth
	Comments
	Bands

	Standalone
	2.5Mhz (corresponds to N=2)
	Support for DCH shall be considered.
	Band VIII as the first band to consider

	Standalone
	1.25Mhz (corresponds to N=4)
	HSPA data only
	Band VIII as the first band to consider

	Multi-carrier
	5MHz + 2.5 MHz (corresponds to N=2)

5 MHz+ 1.25 MHz (corresponds to N=4)
	6 MHz of contiguous band to consider first
	Band VIII as the first band to consider

	Standalone
	2.5Mhz (corresponds to N=2)
	To understand the impact of band
	Band I as the first band to consider


Additional scenarios that may be considered

	Mode of Operation
	Bandwidth
	Comments
	Bands

	Multi-carrier
	5MHz + 2.5 MHz (corresponds to N=2)
	For example 3x5MHz + 1x2.5MHz in 15 MHz of band
	Band I as the first band to consider


Table 3 lists the general parameters to be used for S-UMTS carrier aggregation DL link simulations. Reference scenarios specific parameters can be found in Table 2.
Table 3: General Simulation Assumptions for S-UMTS carrier aggregation Downlink
	Parameter
	Value

	Scaling factor
	Primary Cell: 1;

Secondary Cell: 2; 4

	P-CPICH_Ec/Ior
	-10dB

	P-CCPCH_Ec/Ior
	Primary Cell: -12dB
Secondary Cell: OFF

	SCH_Ec/Ior
	Primary Cell: -12dB
Secondary Cell: OFF

	PICH_Ec/Ior
	Primary Cell: -15dB
Secondary Cell: OFF

	HS-SCCH_Ec/Ior
	-12dB

	HS-PDSCH_Ec/Ior
	Remaining power so that total transmit power spectral density of Node B (Ior) adds to one on each cell

	Spreading factor for HS-PDSCH
	16

	Modulation
	QPSK, 16QAM, 64QAM

	TBS
	Variable for HS-PDSCH

	HSDPA Scheduling Algorithm
	CQI based

	Geometry
	[-5 0 5 10 15 20]dB

	CQI Feedback Cycle
	1TTI, 2TTIs

	CQI feedback error
	1%
CQI error should be explained to mean CQI erasure, in which case the Node B uses the previous CQI

	HS-DPCCH ACK/NACK feedback error
	1%

	Maximum number of HS-DSCH codes
	Up to 15*SF16 for TTI=2ms*Scaling factor per carrier for HS-PDSCH

	Number of HARQ Processes
	6

	Maximum HARQ Transmissions Time
	50ms * Scaling factor

	HARQ Combining
	Incremental Redundancy

	First transmission BLER
	10% after 1 transmission

	Number of Rx Antennas
	2 

	Channel Encoder
	3GPP Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	CQI Feedback delay
	8ms*Scaling factor (the case TTI length is increased); 

8ms (the baseline or the case TTI length is not increased)

	Propagation Channel Type
	PA3,VA3, VA30,VA120

in specific cases AWGN simulations could be used

	Channel Estimation
	Realistic

	Noise Estimation
	Realistic

	UE Receiver Type
	1-Rx Rake and 2-Rx LMMSE (Type 3)

	Antenna imbalance [dB]
	0

	Tx Antenna Correlation
	0

	Rx Antenna Correlation
	0


3.2 Uplink Simulation Assumptions
Table 4 lists the general parameters to be used for UL link simulations, including DCH for voice traffic evaluation and E-DCH for data traffic evaluation. Reference scenarios specific parameters can be found in Table 2.
Table 4: General Simulation Assumptions for standalone S-UMTS Uplink 
	Parameter
	Value

	Physical Channels
	E-DCH: E-DPDCH, DPCCH, EDPCCH
DCH: DPCCH, DPDCH

	Scaling factor
	1; Legacy UMTS carrier
2; S-UMTS carrier

4; S-UMTS carrier (HSPA data only)

	TTI [ms]
	E-DCH: 
(2ms/10ms)*Scaling factor
DCH: 
20ms

	TBS[bit]
	DCH: 
AMR12.2K for DCH

	Maximum HARQ Transmissions Time
	50ms * Scaling factor 

	Operating Point
	E-DCH: 

HARQ 1 % Residual BLER within maximum HARQ transmission time.

DCH: 

1 % BLER 

	E-DCH Scheduling Algorithm
	RoT based

	RoT
	6dB

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Inner Loop PC Step Size
	±1 dB

	UL TPC Delay (sent on F-DPCH)
	E-DCH: 

1.33ms*Scaling factor 

	UL TPC Error Rate (sent on F-DPCH)
	4%

	Propagation Channel
	PA3, VA3, VA30, VA120
in specific cases AWGN simulations could be used

	NodeB Receiver Type
	LMMSE, Rake

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	NodeB Rx Correlation
	0

	UE DTX
	OFF


3.3 Link level performance metrics
This section indicates performance measures that are used when evaluating the link level simulations.
For DCH voice traffic, the following metric should be considered:

· DL
-  BLER v/s Ec/Ior
· UL
-
Residual BLER v/s Transmitted Ec/No.

-
Residual BLER v/s Received Ec/N0.
For HSPA traffic, the following metrics should be considered:
-  Throughput.
-  For latency:
· Compute transmission delay CDF.
· CELL_DCH latency

· Compare the CDFs of the average number of the transmissions and then take into account the increase in the TTI lengths to evaluate the latency.

· Access latency 

· Consider with and without additional power/overhead.

· For coverage:

· CELL_DCH coverage 

· Examine performance at different geometries.

· Access coverage

· Consider with and without additional power/overhead.

Inter-Carrier Interference (ICI) should be taken into account. The ICI model is described in [7]. The interference rise metric should be considered.
In S-UMTS link-level simulation, the performance metrics shall be carrier specific.
4. Conclusion
In this contribution, channel model, link level simulation assumptions and performance metrics were described for evaluating the performance of Scalable UMTS. 
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Appendix A

An example to illustrate the narrow band filtering effect of the channel for S-UMTS is given. Consider a two-path channel and the Channel Impulse Response (CIR) for each of the UMTS and S-UMTS (N=2) after convolution with the channel (resolution is in UMTS Tc/8). The channel pulse for the S-UMTS case becomes fatter due to the narrow band filtering effect. A similar analysis can be done for N=4 as well.
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Figure 1 UMTS pulse shape
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Figure 2 S-UMTS pulse shape (N=2)
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Figure 3: Channel Impulse Response
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Figure 4: Filtered Channel Response
Also, by setting the sample and hold period in the Jakes fader to 64/N S-UMTS chips, we ensure that the same Doppler spread quantization error is maintained between the UMTS and S-UMTS systems, i.e. Doppler spread quantization error is invariant to N.
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Figure 5: Sample&Hold setting for Jakes fading generator
Table 5: Doppler Quantization

	Quantization Precision
(M*Tc)
	Speed (km/h)
	Doppler Spread (Hz)
	Quantized Doppler Frequency Spread (Hz)

	
	
	
	N=1
	N=2
	N=4
	N=8

	256
	3
	5.555556
	5.580357
	5.580357
	5.326705
	5.859375

	
	30
	55.55556
	58.59375
	58.59375
	58.59375
	29.29688

	
	120
	222.2222
	234.375
	117.1875
	Inf
	Inf

	128
	3
	5.555556
	5.580357
	5.580357
	5.580357
	5.326705

	
	30
	55.55556
	58.59375
	58.59375
	58.59375
	58.59375

	
	120
	222.2222
	234.375
	234.375
	117.1875
	Inf

	64
	3
	5.555556
	5.547337
	5.580357
	5.580357
	5.580357

	
	30
	55.55556
	55.14706
	58.59375
	58.59375
	58.59375

	
	120
	222.2222
	234.375
	234.375
	234.375
	117.1875

	32
	3
	5.555556
	5.547337
	5.547337
	5.580357
	5.580357

	
	30
	55.55556
	55.14706
	55.14706
	58.59375
	58.59375

	
	120
	222.2222
	234.375
	234.375
	234.375
	234.375

	16
	3
	5.555556
	5.555556
	5.514706
	5.547337
	5.580357

	
	30
	55.55556
	55.14706
	52.08333
	55.14706
	58.59375

	
	120
	222.2222
	220.5882
	234.375
	234.375
	234.375

	8
	3
	5.555556
	5.555556
	5.555556
	5.547337
	5.580357

	
	30
	55.55556
	55.55556
	55.14706
	55.14706
	58.59375

	
	120
	222.2222
	220.5882
	220.5882
	234.375
	234.375

	4
	3
	5.555556
	5.555556
	5.555556
	5.555556
	5.547337

	
	30
	55.55556
	55.55556
	55.55556
	55.14706
	55.14706

	
	120
	222.2222
	220.5882
	220.5882
	220.5882
	234.375

	2
	3
	5.555556
	5.555556
	5.555556
	5.555556
	5.547337

	
	30
	55.55556
	55.55556
	55.55556
	55.55556
	55.14706

	
	120
	222.2222
	222.2222
	220.5882
	220.5882
	234.375

	1
	3
	5.555556
	5.555556
	5.555556
	5.555556
	5.555556

	
	30
	55.55556
	55.55556
	55.55556
	55.55556
	55.55556

	
	120
	222.2222
	222.2222
	222.2222
	220.5882
	220.5882
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