
3GPP TSG RAN WG1 Meeting #76

R1-140986
Prague, Czech Republic, 10th - 14th February 2014
Source:
Ericsson
Title:
Text Proposal on Link level simulation assumptions for Scalable UMTS
Agenda item:

6.6
Document for:
Decision

[------------------------------------------------------------Text Start----------------------------------------------------------------------]
6.8.1A
Link level simulation for filtered scalable UMTS 
Link-level simulation assumptions and performance metrics for filtered scalable UMTS are defined in this subclause, for the DownLink (DL). Specifically, the standalone DLand Carrier Aggregation (CA) DL cases are covered. 

6.8.1A.1
Simulation assumptions for filtered scalable UMTS
6.8.1A.1.1
Downlink simulation assumptions for filtered scalable UMTS
The baseline parameters to be used for link-level simulations of standalone filtered scalable UMTS DL are listed in Table 6.8.1A.1.1-1. For all DL link-level assumptions, residual frequency error shall be 0 ppm. 
Table6.8.1A.1.1-1: General simulation assumptions for standalone filtered scalable UMTS DL
	Parameter
	Value

	Carrier Frequency
	900 MHz, 2GHz

	Scaling factor
	1; UMTS carrier
2; filtered scalable UMTS carrier

4; filtered scalable UMTS carrier (HSPA data only)

	P-CPICH_Ec/Ior1
	-10dB for N=1

-10dB or (-10+TBC) dB for N=2, 4

	P-CCPCH_Ec/Ior
	(-12+10*logN)dB  (N=1,2,4)

	SCH_Ec/Ior
	N=1 -12dB

N=2 (-12+3)dB  
N=4: -12+9dB

	PICH_Ec/Ior2
	-15dB  for N=1

-12dB or -15dB+TBC  for N=2,4 

	HS-SCCH_Ec/Ior
	(-12+10*logN)dB  (N=1,2,4) 

	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

	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
	N=1: 15 codes per carrier for HS-PDSCH
N=2: 7 codes per carrier for HS-PDSCH
N=4: 3 codes per carrier for HS-PDSCH

	Number of HARQ Processes
	6

	Maximum HARQ Transmissions Time
	50ms 

	HARQ Combining
	Incremental Redundancy

	First transmission BLER
	10% after 1 transmission

	Number of Rx Antennas
	2 

	Channel Encoder
	3GPP Turbo Encoder for HSDPA

Convolutional for DCH

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	CQI Feedback delay
	8ms

	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

	Number of transmit antennas
	1


Table 6.8.1A.1.1-2 lists the general parameters to be used for filtered scalable UMTS carrier aggregation DL link simulations. 
Table6.8.1A.1.1-2: General simulation assumptions for filtered scalable UMTS carrier aggregation DL
	Parameter
	Value

	Scaling factor
	Primary Cell: 1;

Secondary Cell: 2; 4

	P-CPICH_Ec/Ior
	-10dB  
With pilot optimisation: TBC

	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/Ior3
	No cross carrier scheduling: 

 (-12+10*logN)dB  (N=2,4) secondary cell, 

-12dB primary cell

With cross carrier scheduling: 

OFF for secondary cell, 

-12 per HS-SCCH for primary cell or set to a lower value with MIMO HS-SCCH to achieve 1% decoding error

	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

	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
	N=1: 15 codes per carrier for HS-PDSCH
N=2: 7 codes per carrier for HS-PDSCH
N=4: 3 codes per carrier for HS-PDSCH

	Number of HARQ Processes
	6

	Maximum HARQ Transmissions Time
	50ms 

	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 

	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


Notes:

More realistic assumptions could be used based on RRM requirements. Current results in the TR are indicative. The areas in which the indicative simulations differ from the assumptions are as follows:

1The P-CPICH is modelled as either -10dB or -10+10log(N)dB in the indicative simulations. The correct P-CPICH level is likely to be either -10dB or somewhat higher.

2The PICH level is modelled as -12+10log(N) dB in the indicative simulations

3The HS-SCCH level for cross carrier scheduling depends on the specific cross carrier scheduling scheme. In the indicative simulations, the HS-SCCH level on the primary carrier is modelled as -12 dB, which assumes that MIMO HS-SCCH is used and power controlled to achieve 1% decoding error at the UE. More realistic simulations will use the yet to be identified P-CPICH level.
6.8.1A.2
Performance evaluation metrics for filtered scalable UMTS
For DCH voice traffic, the following metric should be considered:

· DL
· BLER v/s Ec/Ior

For HSPA traffic, the following metrics should be considered:
· Throughput.

· UL Ec/No difference
· For latency:

· Compute transmission delay CDF for L1 delay.

· 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 [9]. The interference rise metric should be considered. 
In filtered scalable UMTS link-level simulation, the performance metrics shall be carrier specific.

[------------------------------------------------------------Text End-----------------------------------------------------------------------]
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6.8 
Scalable Bandwidth UMTS by Filtering

6.8.1
Description
The "Scalable Bandwidth UMTS solution by Filtering" comprises of using the same BB processing and the typical 3.84 Mcps chip rate used in UMTS FDD systems, and filtering the signal to fit to a channel bandwidth below 3.84 MHz. That is, the filtering is used to trade off signal quality and occupied bandwidth. 
In the present document, this solution is referred to as "Scalable Bandwidth UMTS by Filtering".

Figure 6.8.1-1 illustrates the concept, where the filtered UMTS pass-bandwidth is narrower than the 3.84 Mcps signal. For illustration purposes 2.5 MHz filter has been shown, but the filter pass bandwidth could be selected to best fit a given deployment scenario.
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Figure 6.8.1-1: Normal and 2.5 MHz filtered UMTS waveforms

The "Scalable Bandwidth UMTS solution by Filtering" uses the UMTS FDD physical layer specifications as is, with the only difference being the transmit and receive filters.

6.8.2
Preliminary evaluation results on filtered UMTS motivating further study
6.8.2.1
Downlink link level results
NOTE: The following results were obtained during the first SI on scalable UMTS bandwidths [3] as a motivation to consider pure and enhanced filtering solutions further. These simulations differ from more realistic results in their assumptions on P-CPICH overhead, SCH overhead, PICH overhead.
6.8.2.1.1
HSDPA link analysis

The spectral efficiency comparison between regular UMTS (5.0 MHz deployment) with the filtering solution (2.5 MHz) and time-dilation UMTS (2.5 MHz) is given in Figures 6.8.2.1.1-1~2. 

From Figure 6.8.2.1.1-1, it can be observed that UMTS and time-dilation UMTS have comparable spectral efficiencies. On the other hand, the filtering solution has lower spectral efficiency that saturates at high geometry. 
This can be attributed to the Inter-Symbol Interference (ISI) that results from the filtering operation. 
Note that while there is a type 3i equalizer utilized, it is still insufficient to combat the large ISI and spectral efficiency caps below 1 bps/Hz/cell for PA3 channel. Other channels based on VA models recorded even lower spectral efficiencies (0.6 bps/MHz/cell for VA 120 channel) owing to the fact that filtering-induced ISI is now compounded with the channel induced ISI. 

Results for 1.25 MHz bandwidth in Fig 6.8.2.1.1-2 re-iterate the same issue with filtering solution, albeit in a stronger sense with lower spectral efficiencies due to increased ISI compared to filtering solution (2.5 MHz). 
Note that in this setting, the RRC (1.25 MHz) has main-lobe that spans 4 symbols on the right and 4 symbols on the left. 
On the other hand, the main-lobe spans 2 symbols on each side for RRC(2.5 MHz) whence the ISI is relatively lower.
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(c) VA30













(d) VA120

[image: image4.png]Spectral efficiency (bps/Hz/cell)

=3
T

o
T

S
T

N
T

041

0.2

—®—UMTS
—*— Time-dilation UMTS (N=2)
—*— 2.5MHz filtered UMTS (A)
L L Il L

(3,1

10 15 20
Geometry (in dB)

25



   [image: image5.png]Spectral efficiency (bps/Hz/cell)

o
T

S
T

N
T

0.8

o
~
T

0.2

—®—UMTS
—*— Time-dilation UMTS (N=2)
—*— 2.5MHz filtered UMTS (A)

0 5 10 15 20
Geometry (in dB)

25




Figure 6.8.2.1.1-1: Spectral efficiency (bps/Hz/cell) of HSDPA 
(2.5 MHz solutions versus UMTS (5.0 MHz))
(a) PA3














(b) VA3
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(c) VA30














(d) VA120
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Figure 6.8.2.1.1-2: Spectral efficiency (bps/Hz/cell) of HSDPA
 (1.25 MHz solutions versus UMTS (5.0 MHz))
6.8.2.1.2
DCH simulation results

Scalable UMTS with 2.5 MHz filtering is considered to be able to carry AMR 12.2 kbps DCH voice. 
In order to compare the performance of UMTS with Filtering and the original UMTS, the following performance metrics are computed as:

· UMTS with Filtering gain (UL) =(Rx Ec/No with UMTS) - (Rx Ec/No with UMTS with Filtering -3dB)
· UMTS with Filtering gain (DL) =(Tx Ec/Ior with UMTS) - (Tx Ec/Ior with UMTS with Filtering -3dB)
Table 6.8.2.1.2-1: Uplink performance of AMR 12.2 kbps voice

	Carrier Frequency
 (MHz)
	Channel
	UMTS
	2.5MHz filtered UMTS

	
	
	Rx EcNo
 (dB)
	Tx EcNo
 (dB)
	Rx EcNo Loss
 (dB)
	Tx EcNo Loss
 (dB)

	900
	PA3
	-18.12
	-19
	-0.1
	0

	900
	VA3
	-17.388
	-19.6
	0
	0.4

	900
	VA30
	-17.298
	-19.5
	0.3
	0.3

	900
	VA120
	-17.017
	-19.7
	0.1
	-0.1

	2000
	PA3
	-18.323
	-19.2
	0.3
	0.9

	2000
	VA3
	-17.354
	-19.3
	0.3
	0.8

	2000
	VA30
	-17.018
	-19.5
	0.1
	0.1

	2000
	VA120
	-16.543
	-19.3
	-0.1
	-0.3


Table 6.8.2.1.2-2: Downlink performance of AMR 12.2 kbps voice

	Carrier Frequency

 (MHz)
	Channel
	Geometry
	UMTS
	2.5 MHz filtered UMTS

	
	
	
	DPCH EcIor
	EcIor Loss

	900
	PA3
	0
	-12.9
	

	900
	PA3
	5
	-17.1
	-0.2

	900
	PA3
	10
	-20.5
	1.1

	900
	VA3
	0
	-14.9
	0

	900
	VA3
	5
	-18.1
	1.3

	900
	VA3
	10
	-19.8
	1.5

	900
	VA30
	0
	-15.5
	1.1

	900
	VA30
	5
	-18.5
	1.5

	900
	VA30
	10
	-20.5
	2.2

	900
	VA120
	0
	-14.7
	-0.5

	900
	VA120
	5
	-18
	0.8

	900
	VA120
	10
	-19.7
	1.3

	2000
	PA3
	0
	-12.3
	

	2000
	PA3
	5
	-17
	0.7

	2000
	PA3
	10
	-20.4
	0.9

	2000
	VA3
	0
	-15.7
	1

	2000
	VA3
	5
	-18.9
	2.1

	2000
	VA3
	10
	-20.5
	2.3

	2000
	VA30
	0
	-15.8
	1.1

	2000
	VA30
	5
	-18.7
	1.4

	2000
	VA30
	10
	-20.4
	2

	2000
	VA120
	0
	-14.5
	-0.6

	2000
	VA120
	5
	-17.8
	0.7

	2000
	VA120
	10
	-19.7
	1.5


6.8.2.2
Uplink link level results
The following results were obtained during the first SI on scalable UMTS bandwidths [3]as a motivation to consider pure and enhanced filtering solutions further. The results may differ from more realistic results in their assumptions on the UL receiver type, HARQ operating point, code tree utilisation, and number of parallel users.
6.8.2.2.1
Uplink E-DCH performance of Scalable Bandwidth UMTS by filtering in 2.5 MHz channel BW

Link simulation is performed for different E-DCH transport block sizes and channel models with a 2.5 MHz filter that is achieved by halving the pass-band of a nominal 5 MHz filter, i.e. the transmitted signal is a regular 3.84 Mcps E-DCH signal with a filter that is narrower than the bandwidth of the signal and no other filter optimizations have been introduced. The required received C/I needed for 90% nominal throughput (e.g. for 1 Mbps instantaneous data rate, 900 kbps data rate is achieved after HARQ) is logged for a given data rate and power control is turned off. 
A dual-Rx Rake receiver was used.

[image: image10.png]1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

N———

== Voice

—8—0.2Mbps
—4—0.5Mbps

1Mbps

VA3 VA30 VA120 VA250





Figure 6.8.2.2.1-1: Spectral efficiency of a filtered 2.5 MHz 3.84 Mcps E-DCH link 
relative to 5 MHz link

A small link performance loss can be observed for low data rates. The loss appears to increase as a function of data rate for other channels, but less so for the PA3 channel. However, it should be noted that there was no attempt to optimize the transmit filter or the receiver to the narrower bandwidth, so drawing firm conclusions based on these results may be premature.
6.8.2.2.2
Uplink E-DCH performance of Scalable Bandwidth UMTS by filtering and zeroing every second chip in 2.5 MHz channel BW

Link simulation is performed for different E-DCH transport block sizes and channel models with a 2.5 MHz filter that is achieved by halving the pass-band of a nominal 5 MHz filter. In addition to this, every second chip is set to zero in the transmitter. No other optimizations have been introduced. The required received C/I for 90% BLER after the first transmission attempt is compared to that achieved with a regular 5 MHz transmit filter. I.e. the transmitted signal is a regular 3.84 Mcps E-DCH signal, then every second chip is set to zero before feeding the signal to 2.5 MHz transmit filter.
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Figure 6.8.2.2.2-1: Spectral efficiency of a filtered 2.5 MHz 3.84 Mcps E-DCH link
 with zeroing every second chip relative to 5 MHz link

The negative impacts of over-filtering have been largely mitigated by the chip-zeroing. A small link performance loss can be observed for low to medium data rates, and even 1 Mbps link performs well in a good channel, but more significant loss can be observed in more difficult channel conditions.
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Figure 6.8.2.2.2-2: Gain from setting every second chip to zero 
in a 3.84 Mcps signal and 2.5 MHz filter [dB]
Chip-zeroing does not provide any meaningful benefits for low rates. With higher data rates, more loss is observed from filtering, and the chip zeroing is mitigating this effect, and the negative impacts of over-filtering have been largely mitigated by the chip-zeroing.

6.8.2.2.3
EUL link analysis
This subclause presents EUL simulation results with regular UMTS (5.0 MHz deployment) with the filtering solution (2.5 MHz) and time-dilation UMTS (2.5 MHz) and provides comparison between these two schemes in terms of throughput and spectral efficiency. Table 6.8.2.2.3-1 shows the throughput for UMTS, time dilation UMTS, and 2.5 MHz filtered UMTS. It is observed in Table 6.8.2.2.3-2 that the performance with UMTS and time-dilation UMTS are observed to be comparable. On the other hand, the 2.5 MHz filtered UMTS inducing ICI has spectral efficiency losses by 20-33% compared to UMTS as provided in Table 6.8.2.2.3-3. In these simulations, there is 10% target BLER setting after 1 HARQ with 2 ms TTI.
Table 6.8.2.2.3-1: Throughput

	Channel
	Rx Ec/No=5dB

	
	 Throughput (kbps) @10% BLER after 1 HARQ

	
	UMTS
	Time Dilation UMTS
	2.5 MHz filtered UMTS

	
	Carrier Frequency
 (MHz)
	Carrier Frequency
 (MHz)
	Carrier Frequency
 (MHz)

	
	900
	2000
	900
	2000
	900
	2000

	PA3
	3267.5
	3244.4
	1701.6
	1686.4
	1267.7
	1264.3

	VA 3
	2695.2
	2675.9
	1413.6
	1397.2
	1073.2
	1054.8

	VA 30
	2601.4
	2309.1
	1225.6
	954.6
	1015.8
	862.9

	VA 120
	1890.7
	1880.2
	959.7
	902.6
	639.7
	628.9


Table 6.8.2.2.3-2: Spectral Efficiency in case of Time Dilation UMTS

	Channel
	Spectral Efficiency

	
	UMTS
	Time Dilation UMTS
	Gain (%)

	
	Carrier Frequency
 (MHz)
	Carrier Frequency
 (MHz)
	Carrier Frequency
 (MHz)

	
	900
	2000
	900
	2000
	900
	2000

	PA3
	0.65
	0.65
	0.68
	0.67
	4.15
	3.96

	VA 3
	0.54
	0.54
	0.57
	0.56
	4.90
	4.43

	VA 30
	0.52
	0.46
	0.49
	0.38
	-5.77
	-17.32

	VA 120
	0.38
	0.38
	0.38
	0.36
	1.52
	-3.99


Table 6.8.2.2.3-3: Spectral Efficiency in case of 2.5 MHz filtered UMTS

	Channel
	Spectral Efficiency

	
	UMTS
	2.5 MHz filtered UMTS
	Gain (%)

	
	Carrier Frequency
 (MHz)
	Carrier Frequency
 (MHz)
	Carrier Frequency
 (MHz)

	
	900
	2000
	900
	2000
	900
	2000

	PA3
	0.65
	0.65
	0.51
	0.51
	-22.41
	-22.06

	VA 3
	0.54
	0.54
	0.43
	0.42
	-20.36
	-21.16

	VA 30
	0.52
	0.46
	0.41
	0.35
	-21.90
	-25.26

	VA 120
	0.38
	0.38
	0.26
	0.25
	-32.33
	-33.10


