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1
Introduction

This contribution provides text proposal to Section 9 “Simulation Assumptions” of TR 25.702 for Dedicated Channel Enhancements[1]. The text proposal is modified based on the Rapporteur’s draft TR in R1-133698[2] with the following changes:
· Corrected the section numbers and references to tables and figures;
· Introduce Solution 1, 2, 3 and 4 as representative solutions for all possible FET solution combinations and to compare with VoHSPA. A table (as show below) is added in the beginning of Section 9.2 to describe the sub-features used by Solution 1, 2, 3 and 4 respectively. The section numbers and definitions of options are defined in the text proposals on UL/DL DCH Enhancements as proposed in R1-133861[3] and R1-133862[4] respectively.
	DCH Enhancements
	Solution 1
	Solution 2
	Solution 3
	Solution 4

	5.1.1 UL Frame Early Termination
	Option 1
	Option 2
	Option 1
	Option 2

	5.1.2 UL DPCCH Slot Format Optimization
	Option 1
	Option 2
	Option 1
	Option 2

	5.1.3 UL ACK Indication for DL Frame Early Termination
	Option 1
	Option 3
	Option 1
	Option 3

	5.2.1 DL Frame Early Termination 
	Option 1
	Option 2
	Option 3
	Option 2

	5.2.2 DL DPCCH Slot Format Optimization
	Option 1
	Option 2
	Option 3
	Option 2

	5.2.3 DL ACK Indication for UL Frame Early Termination
	Option 1 or 2
	Option 3
	Option 1 or 2
	Option 3

	5.2.4 DPCH Time Domain Multiplexing
	Option 1
	Option 2
	No
	No


2
Text Proposal

 [------------------------------------------------------------- TEXT START --------------------------------------------------------------]
9
Simulation Assumptions

9.1
Simulation assumptions for Voice over HSPA 

9.1.1
Link Simulation Assumptions for Voice over HSPA

9.1.1.1
Link Simulation Assumptions for downlink VoHSPA

The baseline downlink simulation assumptions for the evaluation of VoHSPA are given in Table 9.1.2.

Table 9.1.2: Baseline link simulation assumptions for evaluation of downlink VoHSPA.

	Parameter
	Value

	Physical Channels
	HS-PDSCH, HS-SCCH, F-DPCH, E-HICH

	TBS [bits]
	See Tables 9.1.6,9.1.7 (The TBS is shown in ‘TBS on DL’ column)

	Number of H-ARQ Processes
	6

	Maximum number of H-ARQ Transmissions
	4

	H-ARQ operating point
	10 % BLER after first transmission

	Traffic Source
	Packet generated every 20ms

	Number of Rx Antennas
	1

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	Channel Estimation
	Realistic

	Inner Loop Power Control for F-DPCH
	ON

	Inner Loop PC Step Size for F-DPCH
	±1 dB

	Inner Loop PC Delay
	2 slots

	SIR target for F-DPCH ILPC 
	Set to achieve 4% F-DPCH BER

	DL TPC Error Rate (for TPC sent on UL DPCCH)
	4 %

	HS-SCCH power control
	ON, targeting 1% BLER

	E-HICH power offset to F-DPCH
	Set to achieve Ack misdetection rate of 5% and false-Ack rate of 0.2% 

	Propagation Channel
	PA3, PB3, VA30, VA120: ITU. See Table 9.1.4 for power-delay profiles.

	Geometry
	[-3,0,3,6,9,12]dB

	Rake Finger Configuration

	Frequency and time tracking loops are disabled, fingers are assigned at fixed delays to be described together with simulation results

	UE Receiver Type
	Type 2

	Active set size
	1


Table 9.1.3: Frequency of occurrence of AMR packet types for 50% voice activity factor.

	Packet
	Probability

	FULL
	0.5

	SID
	0.0625

	NULL
	0.4375


Table 9.1.4: Power-delay profiles for ITU channels

	Channel
	Relative Path delays (in nanoseconds)
	Relative Path powers (dB)

	PA
	0,110,190,410
	0,-9.7,-19.2,-22.8

	PB
	0,200,800,1200,2300,3700
	0,-0.9,-4.9,-8.0,-7.8,-23.9

	VA
	0,310,710,1090,1730,2510
	0,-1,-9,-10,-15,-20


Table 9.1.6: TBS to be used for VoHSPA for different Vocoder packets

	Vocoder, packet type
	#bits at vocoder output
	#bits for header overheads
	Total payload
	TBS on DL (octet aligned)
	TBS on UL**

	
	
	Octet alignment
	PDCP header
	RLC UM header
	MAC header*

	
	
	

	AMR12.2k, full
	244
	4
	8
	8
	24
	288
	288
	296

	AMR12.2k and 5.9k, SID
	39
	1
	8
	8
	24
	80
	120
	120

	AMR5.9k, full
	118
	2
	8
	8
	24
	160
	160
	160


*MAC header refers to MAC-ehs header on DL and MAC-i/is header on UL.

** UL TBS assumes use of E-DCH TBS table 0 for 2ms TTI as specified in TS 25.321

Table 9.1.7: TBS to be used for VoIP for different Vocoder packets

	Vocoder, packet type
	#bits at vocoder output
	#bits for header overheads
	Total payload
	TBS on DL (octet aligned)
	TBS on UL**

	
	
	Octet alignment
	RoHC header
	RLC UM header
	MAC header*

	
	
	

	AMR12.2k, full
	244
	4
	32
	8
	24
	312
	312
	318

	AMR12.2k and 5.9k, SID
	39
	1
	32
	8
	24
	104
	120
	120

	AMR5.9k, full
	118
	2
	32
	8
	24
	184
	184
	185


*MAC header refers to MAC-ehs header on DL and MAC-i/is header on UL.

** UL TBS assumes use of E-DCH TBS table 0 for 2ms TTI as specified in TS 25.321

9.1.1.2
Link Simulation Assumptions for uplink VoHSPA

The baseline uplink simulation assumptions for the evaluation of VoHSPA are given in Table 9.1.8.

Table 9.1.8: Baseline link simulation assumptions for evaluation of uplink VoHSPA.

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH, HS-DPCCH

	E-DCH TTI [ms]
	2

	TBS [bits]
	See Table 9.1.6 (The TBS is shown in ‘TBS on UL’ column)

	Modulation
	QPSK

	Number of physical data channels and spreading factor
	1xSF4 for AMR 12.2k Full packet;

1xSF8 for AMR 5.9k Full packet;

1xSF16 for SID packet

	Puncturing Limit (PL_non_max)
	0.66

	20*log10(βed/βc) [dB]
	8

	20*log10(βec/βc) [dB]
	2

	20*log10(βhs/βc) [dB]
	2: UE not in SHO

4: UE in SHO

	HS-DPCCH transmission modeling
	CQI transmitted once every 8ms, 

ACK transmitted once every 20ms.

	Number of H-ARQ Processes
	8

	Traffic Source
	New packet generated every 20ms.

	Maximum number of H-ARQ Transmissions
	4

	H-ARQ operating point
	1 % Residual BLER after 4 H-ARQ attempt

	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)

	Channel Estimation
	Realistic

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Inner Loop PC Step Size
	±1 dB

	OLPC SIR-target up-step on packet error
	0.5dB

	UL TPC Delay (sent on F-DPCH)
	2 slots

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

	Propagation Channel
	PA3, PB3, VA30, VA120: ITU. See Table 9.1.4 for power-delay profiles

	Rake Finger Configuration

	Frequency and time tracking loops are disabled, fingers are placed at fixed delays to be described together with simulation results.

	NodeB Receiver Type
	Rake

	Active set size
	1, 2 (soft handover)

	Link imbalance in soft handover
	0dB


9.1.2
Link Performance metrics for Voice over HSPA
9.1.2.1
Link Performance metrics for downlink VoHSPA

a) Average Transmit Ec/Ior for each TBS, for each of: HS-PDSCH, HS-SCCH, E-HICH, F-DPCH.

b) Average of total Transmit Ec/Ior for all downlink physical channels, for each TBS.

c) Average of total Transmit Ec/Ior (the result of (b)) across TBS, weighted by their frequency of occurrence shown in Table 9.1.3. For the Null packet, the Transmit Ec/Ior to be used is obtained from the result of (b) for the SID packet but excluding the contribution of the HS-PDSCH and HS-SCCH to the transmit Ec/Ior.

d) Average number of HARQ transmissions for each TBS.

e) BER of TPC bits sent on F-DPCH.

f) Miss-detection and false-Ack rate for E-HICH

g) HS-SCCH BLER.

9.1.2.2
Link Performance metrics for uplink VoHSPA
a) Average of total Received Ec/No for all uplink physical channels, for each packet type.

b) Average of total Received Ec/No (the result of (a)) across all TBS, weighted by their frequency of occurrence shown in Table 9.1.3. For the Null packet, the received Ec/No to be used is obtained from the result of (a) for the SID packet but excluding the contribution of the E-DPDCH and E-DPCCH to the Rx Ec/No.

c) Average number of HARQ transmissions

d) BER of TPC bits sent on UL DPCCH.

9.1.3
System Simulation Assumptions for Voice over HSPA
9.1.3.1
System Simulation Assumptions for downlink VoHSPA

The baseline downlink system simulation assumptions for the evaluation of VoHSPA are given in Table 9.1.9.

Table 9.1.9: Downlink System Simulation Assumptions for VoHSPA

	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around

	Inter-site distance
	1000 m

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Penetration loss
	10 dB

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-NodeB  Correlation: 0.5

Intra-NodeB Correlation: 1.0

	Max BS Antenna Gain
	14 dBi 

	Antenna pattern
	[image: image21.emf](
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    = 70 degrees,

Am = 20 dB

	Number of UEs/cell
	BE: 4
Voice: 0, 8, 16, 24, 32 ,40, 48

UEs dropped uniformly across the system

	Channel Model
	ITU: PedA3, VA30

See Table 9.1.4 for power-delay profiles.

	CPICH Ec/Ior
	-10 dB

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	Maximum Sector

Transmit Power
	43 dBm 

	Soft Handover Parameters
	R1a (reporting range constant) = 6 dB

	Number of H-ARQ processes
	6

	H-ARQ operating point
	10 % BLER after first transmission

Max number of Transmissions = 4

	Maximum active set size
	3

	Common channel power including C-PICH
	20%

	HS-SCCH and HS-DSCH
	Up to 15 SF-16 codes per carrier for HS-PDSCH
HS-SCCH transmit power being driven by 1% HS-SCCH BLER.

0.5dB fixed margin is applied to CQI for rate control.

	CQI
	9 slot CQI delay
CQI estimation noise is Gaussian with mean of 0 dB and variance of 1dB

CQI Decoding at Node-B is ideal.

	F-DPCH
	1500Hz
2 slot delay

+1dB/-1dB step size

SIR target set to achieve 4% error rate

	F-DPCH Limits
	Maximum Ec/Ior = -10dB

	E-HICH
	E-HICH power offset to F-DPCH set to achieve Ack misdetection rate of 5% and false-Ack rate of 0.2%

	Scheduling Type
	Proportional Fair for BE users; 

Delay sensitive Qos based scheduling for voice users

	Scheduling delay bound for VoHSPA UEs
	100ms

	Voice codec
	AMR 12.2kbps, 

AMR 5.9kbps, 

See Table 9.1.6 for TBS sizes

	Voice activity
	0.5 (see table 9.1.10) 

	SID 
	Every 160ms during voice inactivity

See Table 9.1.6 for TBS size

	UE receiver type
	For VoHSPA UEs: Type 2  (Type 3i optional)

For BE UEs: Type 3i


AMR is modeled based on a two stage Markov model with two Active and Inactive states, where in the Active state, only Full packets are generated, and in the Inactive state, SID packets are generated with SID packet being generated once every 160 ms. The transition probability between the two Active and Inactive states is shown in Table 9.1.10.

Table 9.1.10: Transition probability of Active and Inactive states for AMR Traffic

	State n-1
	P(State n-1 ≠ State n)

	Active
	1%

	Inactive
	1%


9.1.3.2
System Simulation Assumptions for uplink VoHSPA

The baseline uplink system simulation assumptions for the evaluation of VoHSPA are given in Table 9.1.11.

Table 9.1.11: Uplink System Simulation Assumptions for VoHSPA

	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around

	Inter-site distance
	1000 m

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Penetration Loss
	10dB

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Antenna pattern
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     = 70 degrees,     Am = 20 dB

	Channel Model
	 PA3, VA30 (ITU channels). See Table 9.1.4 for power-delay profiles.
 Fading across all pairs of antennas is completely uncorrelated

	Maximum UE EIRP
	23 dBm

	Uplink system noise
	 –103.16 dBm

	HS-DPCCH 
	CQI Feedback Cycle
	1 TTI

	
	ACK [dB]
	2 (no SHO)

4(SHO)

	
	NACK [dB]
	2 (no SHO), 4 (SHO)

	
	CQI [dB]
	2 (no SHO), 4(SHO)

	E-DPCCH C/P 
	0dB

	Soft Handover Parameters
	R1a (reporting range constant) = 6 dB, 

	Traffic Source
	Voice packets generated every 20ms

	TBS 
	See Table 9.1.6

	Modulation 
	QPSK

	DPCCH Slot format
	8pilot bits, 2TPC bits

	UE distribution 
	Uniform over the area

	Number of Voice UEs per cell
	0, 8, 16, 24, 32, 40, 48

	Number of BE users per cell
	4

	NodeB Receiver
	2 Rx-Rake (Pilot Weighted Combining - PWC)

	Uplink HARQ
	2ms TTI, Max # of transmission =4 targeting 1% residual BLER after 4 HARQ. 

	Number of HARQ processes
	8

	ILPC
	1500Hz ILPC rate

2 slot feedback delay

+1dB/-1dB step size

4% error rate

	OLPC
	1% target residual BLER after 4 HARQ
+0.5dB when packet decoding error

	Target RoT
	6dB

	E-DCH Scheduling Delays
	Period
	2ms

	
	Uplink SI delay
	6 slots

	
	DL Grant delay
	As per 25.321

	Scheduling Type
	Proportional Fair for BE users; 

Delay sensitive Qos based scheduling for voice users

	Scheduling delay bound for VoHSPA UEs
	100ms


9.1.4
System Performance metrics for Voice over HSPA
9.1.4.1
System Performance metrics for downlink VoHSPA

a) Average cell throughput vs. Number of VoHSPA users per cell.

b) Average power per cell used by VoHSPA users

c) Average power per cell used by BE users 

d) CDF of the run-lengths of consecutive VoHSPA packet errors.

e) Percentages of VoHSPA users with Active set size of 1,2,3.

f) Percentage of VoHSPA users with BLER > 3%

g) CDF of packet delay for VoHSPA users.

9.1.4.2
System Performance metrics for uplink VoHSPA

a) Average cell throughput vs. Number of VoHSPA users per cell.

b) Average RxEc/No per cell used by VoHSPA users

c) Average RxEc/No per cell used by data users

d) CDF of the run-lengths of consecutive voice packet errors.

e) Percentages of VoHSPA users with Active set size of 1, 2, 3.

f) Percentage of VoHSPA users with BLER > 3%

g) CDF of RoT per cell.

h) CDF of packet delay for VoHSPA users.

9.2
Simulation Assumptions for voice over R99 and DCH Enhancements

Four representative solutions are evaluated in this study. The solutions studied are differentiated by the physical layer changes needed to support the enhancements, as described in Table 9.2 below.

Table 9-2: Representative FET designs evaluated in this study

	DCH Enhancements
	Solution 1
	Solution 2
	Solution 3
	Solution 4

	5.1.1 UL Frame Early Termination
	Option 1
	Option 2
	Option 1
	Option 2

	5.1.2 UL DPCCH Slot Format Optimization
	Option 1
	Option 2
	Option 1
	Option 2

	5.1.3 UL ACK Indication for DL Frame Early Termination
	Option 1
	Option 3
	Option 1
	Option 3

	5.2.1 DL Frame Early Termination 
	Option 1
	Option 2
	Option 3
	Option 2

	5.2.2 DL DPCCH Slot Format Optimization
	Option 1
	Option 2
	Option 3
	Option 2

	5.2.3 DL ACK Indication for UL Frame Early Termination
	Option 1 or 2
	Option 3
	Option 1 or 2
	Option 3

	5.2.4 DPCH Time Domain Multiplexing
	Option 1
	Option 2
	No
	No


9.2.1
Link Simulation Assumptions for voice over R99 DCH
9.2.1.1
Link Simulation Assumptions for Downlink voice over R99 DCH

The link simulation settings for downlink are shown in Table 9.2-1. Each simulation consists of transmissions of a payload whose bits are generated randomly at each TTI but whose size (TBS) is fixed over the entire simulation. The possible TBSs and their encoding details for AMR 12.2kbps and 5.9kbps codecs are shown in Table 9.2-3.

Table 9.2-1: Link Level Simulation Parameters for Downlink voice over R99 DCH

	Parameter
	Value

	Physical Channels
	DPCH, P-CPICH, P-CCPCH, PICH, and 16 OCNS codes

	Modulation
	QPSK

	DCH traffic type
	AMR12.2K or 5.9K voice frames

	DCH transport channels
	DTCH carries a fixed size AMR transport block every TTI.

DCCH (carrying SRBs) is configured but not transmitted.

	(DTCH, DCCH) TTIs
	 (20,40)

	DTCH TBS and encoding
	See Table 9.2-3

	DCH rate-matching
	Fixed positions. See Table 9.2-3 for rate-matching attributes

	Transmit powers for physical channels
	DPCH    : Determined via power control

P-CPICH  : Ec/Ior = -10dB

P-CCPCH : Ec/Ior = -12dB

PICH     : Ec/Ior = -15dB

OCNS    : OVSF indices and relative powers of the 16 codes are as in 3GPP TS 25.101 (Rel.11, Table C6). Total power of all OCNS codes is fixed in each slot = Ior- ∑c Pc, where Pc = average power of channel c in that slot. Summation is over all channels except OCNS. Ior is a fixed constant power (eg, 20 Watts), and geometry = Ior/No, where No = variance of the AWGN.

	DPCCH/DPDCH power offsets
	Offsets PO1,PO2,PO3 for TPC, TFCI, pilots respectively are all equal, with value 3dB for AMR12.2K and 0dB for AMR5.9K. 

Power offset of 0dB for AMR12.2K is optional.

	DPCH slot format
	AMR12.2K: 8, AMR5.9K: 2. See Table 9.2-2

	DL DPCH ILPC rate
	1500Hz

	DPCH ILPC up-down power step-size
	1dB

	Command error rate for TPC up-down commands transmitted on uplink
	4%

	DPCH ILPC feedback delay
	1 slot

	DPCH ILPC gain change boundary within slot
	Start of first DPCCH pilot symbol

	DPCH ILPC SNR estimation
	Realistic

	DPCH maximum and minimum power limits
	ILPC is over-ridden if neccesary so that Ec/Ior for non-DTXed DPDCH symbols is within the range [-40dB, -10dB].

	OLPC BLER target
	1% residual BLER (after all decoding attempts)

	OLPC SIR-target up-step on packet error
	0.5dB

	Number of Rx Antennas
	1

	Channel Encoder
	3GPP Release 6 Convolutional coder

	Channel estimation for DCH demodulation
	Realistic, based on P-CPICH

	Transport format detection
	Ideal

	Propagation Channel
	ITU: PA3, PB3, VA30, VA120. See Table 9.1.4 for power-delay profiles

	Rake Finger configuration
	Frequency and time tracking loops are disabled. Delays of assigned fingers are located at fixed delays to be described together with simulation results.

	UE Receiver Type
	1-Rx Rake (Pilot-weighted Combining (PWC) across fingers)

	Active set size
	1,2 (soft handover)

	Link imbalance in soft handover
	0dB

	Geometry
	0,3,6,9,12 dB (when not in soft handover); -3,0,3dB (for soft handover)

In soft handover, geometry = Ior1/No, and link imbalance=Ior1/Ior2, where Ior1,Ior2 are the Ior values for the two cells in the active set.


Table 9.2-2: DL DPCH slot format

	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/ Slot
	DPDCH Bits/Slot
	DPCCH

Bits/Slot
	Transmitted slots per radio frame

NTr
	Vocoder

	
	
	
	
	
	NData1
	NData2
	NTPC
	NTFCI
	NPilot
	
	

	8
	60
	30
	128
	40
	6
	28
	2
	0
	4
	15
	AMR12.2K

	2
	30
	15
	256
	20
	2
	14
	2
	0
	2
	15
	AMR5.9K


Table 9.2-3: Voice packets simulated on DL

	Air interface
	Vocoder
	Packet
	TBS=

Ninfo
	CRC size=Ncrc
	Encoding
	Slot for-mats
	Number of encoded bits punctured by rate-matching=Npunc*
	Rate-matching Attributes++
	Packet frequency?

	R99
	AMR12.2K
	Full-A
	81
	12
	Conv 1/3
	8
	13
	180,175,234,180
	0.5



	R99
	AMR12.2K
	Full-B
	103
	0
	Conv 1/3
	8
	21
	180,175,234,180
	

	R99
	AMR12.2K
	Full-C
	60
	0
	Conv 1/2
	8
	-34
	180,175,234,180
	

	R99
	AMR12.2K
	SID
	39
	12
	Conv 1/3
	8
	8
	180,175,234,180
	0.0625

	R99
	AMR12.2K
	Null
	0
	12
	Conv 1/3
	8
	3
	180,175,234,180
	0.4375

	R99
	AMR5.9K
	Full-A
	55
	12
	Conv 1/3
	2
	85
	180,174,230
	0.5



	R99
	AMR5.9K
	Full-B
	63
	0
	Conv 1/3
	2
	83
	180,174,230
	

	R99
	AMR5.9K
	SID
	39
	12
	Conv 1/3
	2
	67
	180,174,230
	0.0625

	R99
	AMR5.9K
	Null
	0
	12
	Conv 1/3
	2
	23
	180,174,230
	0.4375


* Negative number indicates repetition. Definition of Npunc is illustrated in Figure 9.2-1. Its value depends on rate-matching attributes.

++ Rate matching attributes are listed in the order (DTCH-A, DTCH-B, DTCH-C, DCCH) for AMR12.2kbps, and in the order (DTCH-A,DTCH-B,DCCH) for AMR 5.9kbps codec. For both codecs, the DCCH is configured for 40ms TTI with TBS=148, Ncrc=16 and convolutional encoding with rate 1/3. Even though DCCH is not transmitted, these parameters are required to determine the rate-matching pattern for the packets that are transmitted.

? Packet frequencies are used as weights to average the TxEcIor values obtained from simulations for each packet type, to obtain an overall TxEcIor for the given vocoder and air-interface. The frequencies in Table 9.1.3 correspond to 50% voice activity factor. The Full-A,B,C packet types for AMR vocoder are all transmitted together, and hence have the same frequency.
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Figure 9.2-1: Encoding and modulation of voice packets for downlink, showing number of bits at each stage
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Figure 9.2-2: Showing DL TxEc/Ior calculation accounting for power-offsets and DTX.

9.2.1.2
Link Simulation Assumptions for Uplink voice over R99 DCH
Link level simulation parameters for uplink are shown in Table 9.2-4.

Table 9.2-4: Link Level Simulation Parameters for Uplink voice over R99 DCH

	Parameter
	Value

	Physical Channels
	DPCCH, DPDCH

	Modulation
	BPSK

	DCH traffic type
	AMR12.2K and 5.9K

	DCH transport channels
	DTCH carries a fixed size AMR transport block.

DCCH is not transmitted.

	(DTCH, DCCH) TTIs
	 (20,40)ms

	DTCH TBS and spreading factor
	See Table 9.2-5

	DCH rate-matching
	Since DCCH is not transmitted, rate-matching punctures or repeats encoded DTCH packet so as to fill up all available DPDCH bits in the TTI, in accordance with 3GPP TS 25.212

	Puncturing Limit (PL)
	0.66

	DPDCH/DPCCH power ratio
	Specified for each TFC as in Table 9.2-8.

	DPCCH slot format
	0 (6 pilots, 2 TFCI, 2 TPC bits per slot).

	UL DPCH ILPC rate
	1500Hz

	ILPC up-down power step-size
	1dB

	Command error rate for TPC up-down commands transmitted on downlink
	4%

	DPCH ILPC feedback delay
	2 slots

	OLPC BLER target
	1% residual BLER after 20ms

	OLPC SIR-target up-step on packet error
	0.5dB

	OLPC delay
	2 radio-frames

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Convolutional coder

	Channel estimation for DCH demodulation and ILPC SNR estimation
	Realistic

	Transport format detection
	 Realistic (TFCI errors impact DTCH BLER)

	Propagation Channel
	ITU: PA3, PB3, VA30, VA120. See Table 9.1.4 for power-delay profiles

	NodeB Receiver Type
	2-Rx Rake (Pilot-weighted Combining (PWC) across fingers)

	Rake Finger Configuration
	Frequency and time tracking loops are disabled. Delays of assigned fingers are located at fixed delays.

	Active set size
	1,2 (soft handover)

	Link imbalance in soft handover
	0dB


Table 9.2-5: Voice packets simulated on UL and corresponding spreading factors

	Vocoder
	Packet
	TBS=

Ninfo
	CRC size=Ncrc
	Rate matching attributes++
	DPDCH Spreading factor

	AMR12.2K
	Full  (A,B,C)
	(81,103,60)
	(12,0,0)
	180,175,234,180
	64

	AMR12.2K
	SID
	39
	12
	180,175,234,180
	256

	AMR12.2K
	Null
	0
	0
	180,175,234,180
	DPDCH not sent

	AMR5.9K
	Full (A,B)
	(55,63)
	(12,0)
	180,170,180
	128

	AMR5.9K
	SID
	39
	12
	180,170,180
	256

	AMR5.9K
	Null
	0
	0
	180,170,180
	DPDCH not sent


++ Rate matching attributes are listed in the order (DTCH-A, DTCH-B, DTCH-C, DCCH) for AMR12.2kbps, and in the order (DTCH-A,DTCH-B,DCCH) for AMR 5.9kbps codec. For both codecs, the DCCH is configured for 40ms TTI with TBS=148, Ncrc=16 and convolutional encoding with rate 1/3. Even though DCCH is not transmitted, these parameters are required to determine the rate-matching pattern for the packets that are transmitted.

9.2.2
Link Performance Evaluation Metrics

9.2.2.1
Link Performance metrics for downlink voice over R99 DCH

a) DPCH TxEc/Ior averaged over entire simulation, for each packet type. The averaging accounts for DTX and DPCCH/DPDCH power offsets, as shown in Figure 9.2-2. 

b) Average of (a) across packet types, weighted by their frequency of occurrence shown in Table 9.1.3. This is the metric used for comparing different voice codecs and physical layers.

c) Decoding block error rate for each simulation (each packet type).

d) BER of TPC bits sent on DL DPCCH.

9.2.2.2
Link Performance metrics for uplink voice over R99 DCH
a) Average Received Ecp/No of DPCCH per channel type per packet type. No= Variance of AWGN.

b) Total Average Received Ec/No for data plus control channels (DPDCH+DPCCH).

c) Decoding block error rate

d) BER of TPC bits sent on UL DPCCH.

9.2.3
System Simulation Assumptions
9.2.3.1
System Simulation Assumptions for Downlink

9.2.3.1.1
Simulation Assumptions for Downlink voice over R99 DCH

Table 9.2-6: Downlink System Simulation Assumptions for R99 CS Voice

	Parameters
	Comments

	Traffic 
	RAB: AMR12.2K, AMR5.9K; SRB: not transmitted

	TBS on DTCH
	Null: 0, SID: 39; Full-AMR12.2K: (81,103,60) for DTCH-A,B,C; Full-AMR5.9K: (55,63) for DTCH-A,B.

	RM attributes
	AMR12.2K: 180,175,234,180 for DTCH-A,B,C, DCCH.

AMR5.9K: 180,174,230 for DTCH-A,B, DCCH.Using fixed position rate matching in both cases.

	DL DPCH Slot format
	Slot format 8 for AMR12.2K and 2 for AMR 5.9K

	Encoder
	1/3, 1/3, 1/2 rate convolutional code for Class A,B,C (Class-C only for AMR12.2K codec)

	CRC
	12-bit CRC on ClassA

	OLPC
	1% target BLER
+0.5dB when packet decoding error

	ILPC
	1500Hz

1 slot delay

+1dB/-1dB step size

4% error rate

	DL DPCH TxEc/Ior limits
	Maximum = -10dB, minimum = -40dB.


AMR is modeled based on a two stage Markov model with two Active and Inactive states, where in the Active state, only Full packets are generated, and in the Inactive state, SID and NULL packets are generated with SID packet being sent after every 7 NULL packets. The transition probability between the two Active and Inactive states is shown in Table 9.1.10. The AMR Markov model described above is used for both uplink and downlink.
9.2.3.1.2
General System Assumptions for Downlink
The system simulation assumptions for the mixed CS voice on DCH and BE data over HSDPA are listed in Table 9.2-7.

Table 9.2-7: DL System Simulation Assumptions for mix of CS voice on DCH and BE data on HSDPA

	Parameters
	Comments

	Cell Layout
	Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around

	Inter-site distance
	1000 m

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Penetration loss
	10 dB

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation:0.5

Intra-Node B Correlation :1.0

	Max BS Antenna Gain
	14 dBi 

	Antenna pattern
	[image: image25.emf]dB
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	Number of UEs/cell
	BE: 4

Voice: 0, 8, 16, 24, 32 ,40, 48

UEs dropped uniformly across the system

	Channel Model
	100% PA3 (ITU), 100% VA30 (ITU). See Table 9.1.4 for power-delay profiles

Fading across all pairs of antennas is completely uncorrelated.

	CPICH Ec/Ior
	-10 dB

	Total Overhead power including C-PICH
	20%

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	UE Receiver 
	Type 3i for BE UE.  

MRC-Rake with 1 receive antenna for Voice UE.

	Thermal noise density
	-174 dBm/Hz

	Maximum Sector

Transmit Power
	43 dBm 

	Soft Handover Parameters
	R1a (reporting range constant) = 6 dB


	HS-DSCH 
	Up to 15 SF-16 codes per carrier for HS-PDSCH

HS-SCCH transmit power being driven by 1% HS-SCCH BLER.

0.5dB fixed margin is applied to CQI for rate control.

	CQI
	9 slot CQI delay

CQI estimation noise is Gaussian with mean of 0 dB and variance of 1dB

CQI Decoding at Node-B is ideal.

	Number of H-ARQ processes
	6

	Maximum number of HARQ transmissions
	4

	Maximum active set size
	3

	DL Scheduling
	Proportional Fair.


9.2.3.1.3
Simplified simulation methodology for HSDPA throughput from voice-only simulation
A simplified simulation methodology may also be used in order to evaluate HSDPA data throughput by modeling only voice users in the system simulations. This is done by estimating the data throughput as a function of the power and number of codes available for HSDPA after accounting for the power and codes used by the overhead channels and by the circuit-switched voice UEs. This methodology is described as follows:

The radio resources shared by CS voice and HSDPA data include both transmit power and OVSF codes. In system simulations, the set of OVSF codes used by CS voice users is determined once the active set for each user is computed. Power used by each CS voice user is determined by inner/outer loop power control which maintains voice quality. When CS voice and HSDPA data coexist, the QoS of CS voice has a priority over HSDPA data. Hence available power and OVSF code of HSDPA data is then determined after the allocation of CS voice power and code. 

In this simplified model, we use the following steps in modelling HSDPA throughput, where only CS voice needs to be simulated in system simulation

· Step 1: Fix DL NodeB transmit power to the maximum as Pmax
· Step 2: Running CS voice only in a system simulation, compute the averaged OVSF code Cvoice and average DL voice power Pvoice per cell as follows

Cvoice  = ∑n C(n)/N,  Pvoice  = ∑n P(n)/N

where n is the cell index, N is the total number of cells, the summations run over all cells in the simulation, and C(n), P(n) are respectively the number of OVSF codes (in units of SF512) and transmit power used by voice users in cell n.

· Step 3: Calculate available SF16 OVSF code and power for HSDPA as

Chs = └(512-Ccomm – Cvoice)/32 ┘ , Phs = Pmax – Pcomm – Pvoice
where Ccomm =24 and  Pcomm= 0.2 Pmax are respectively the OVSF code and power used for common channels.

Then using  Chs and Phs as the index, interpolate the HSDPA power vs. code vs. throughput tables shown in Tables 9.7A and 9.7B to get the corresponding HSDPA throughput. These tables are also displayed as mapping curves in Figures 3,4.

Note that power compression for CS voice users is needed whenever the total power of voice users exceeds the upper bound of NodeB transmit power. Considering the slot averaged power from all voice users is Pvoice , and the maximum transmit power of NodeB is Pmax , thus Pcomp =Pmax - Pvoice is the power that needs to be compressed. Voice UEs with maximum slot averaged power are compressed. Here we select voice UEs with maximum DL Ec/Ior which have  Pvoice_max > Pcomp, where Pvoice_max  is the sum of the powers of the selected voice UEs. Each UE’s power is then compressed with a scaling factor (Pvoice_max - Pcomp)/Pvoice_max.

Table 9.2-7A: DL Mapping Table for PA3(ITU) 
	Mapping power (% of max) and number of SF-16 OVSF codes to HSDPA throughput (Mbps)

	Available Power\ Code
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1

	80%
	6.5
	6.3
	6.1
	5.8
	5.5
	5.2
	5.0
	4.6
	4.3
	3.9
	3.5
	3.0
	2.4
	1.8
	0.9

	70%
	6.1
	6.0
	5.7
	5.5
	5.2
	4.9
	4.7
	4.4
	4.0
	3.7
	3.3
	2.9
	2.3
	1.7
	0.9

	60%
	5.7
	5.5
	5.3
	5.1
	4.8
	4.6
	4.4
	4.1
	3.8
	3.5
	3.1
	2.7
	2.2
	1.6
	0.9

	50%
	5.2
	5.1
	4.9
	4.7
	4.5
	4.2
	4.1
	3.8
	3.5
	3.2
	2.9
	2.5
	2.1
	1.6
	0.9

	40%
	4.7
	4.5
	4.3
	4.2
	4.0
	3.8
	3.7
	3.4
	3.2
	3.0
	2.7
	2.3
	1.9
	1.5
	0.8

	30%
	4.0
	3.8
	3.7
	3.6
	3.5
	3.3
	3.1
	3.0
	2.8
	2.6
	2.3
	2.0
	1.7
	1.3
	0.8

	20%
	3.1
	3.0
	2.9
	2.9
	2.8
	2.6
	2.6
	2.4
	2.3
	2.1
	1.9
	1.7
	1.5
	1.2
	0.7

	10%
	1.9
	1.9
	1.9
	1.8
	1.8
	1.7
	1.7
	1.6
	1.6
	1.5
	1.4
	1.2
	1.1
	0.9
	0.5


Table 9.2-7B: DL Mapping Table for VA30(ITU) 
	Mapping power (% of max) and number of SF-16 OVSF codes to HSDPA throughput (Mbps)

	Available Power\ Code
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1

	80%
	3.6
	3.5
	3.4
	3.3
	3.1
	3.0
	2.8
	2.7
	2.5
	2.3
	2.1
	1.8
	1.5
	1.2
	0.7

	70%
	3.4
	3.3
	3.2
	3.1
	2.9
	2.8
	2.7
	2.5
	2.3
	2.1
	1.9
	1.7
	1.5
	1.2
	0.7

	60%
	3.1
	3.0
	2.9
	2.8
	2.7
	2.6
	2.5
	2.3
	2.2
	2.0
	1.8
	1.6
	1.4
	1.1
	0.7

	50%
	2.8
	2.7
	2.6
	2.5
	2.5
	2.3
	2.2
	2.1
	2.0
	1.8
	1.7
	1.5
	1.3
	1.0
	0.6

	40%
	2.4
	2.4
	2.3
	2.2
	2.2
	2.1
	2.0
	1.9
	1.8
	1.7
	1.5
	1.3
	1.1
	0.9
	0.6

	30%
	2.0
	2.0
	1.9
	1.9
	1.8
	1.7
	1.7
	1.6
	1.5
	1.4
	1.3
	1.2
	1.0
	0.8
	0.5

	20%
	1.5
	1.5
	1.4
	1.4
	1.4
	1.3
	1.3
	1.3
	1.2
	1.1
	1.0
	1.0
	0.8
	0.7
	0.4

	10%
	0.9
	0.9
	0.9
	0.9
	0.9
	0.8
	0.8
	0.8
	0.8
	0.8
	0.7
	0.7
	0.6
	0.5
	0.3
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Figure 9.2-3: HSDPA Mapping, PA3(ITU).
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Figure 9.2-4: HSDPA Mapping, VA30(ITU)

9.2.3.1.4 
Link-to-system mapping for DCH

This section describes the downlink DCH link-to-system mapping methodology to be used for the evaluation of DCH enhancememts. Similar methodology also applies to the link-to system mapping for uplink DCH.

Step 1: Obtain the mapping curves from DPCH RX SINR to DTCH BLER from link level simulations.

  Step 1-1 : DPCH RX slot SINR calculation
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    The DPCH RX slot SINR (dpch_slot_sinr_lin) is calculated as follows:
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    , where dpch_pwc_sp stands for power of (signal part after PWC), which is calculated by
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    , intra_cell_pwc_np stands for PWCed intra-cell interference power, which is calculated by
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    and havg(c,f,r) is defined as

    If RX finger number is different to multipath number, corresponding modifications are required.

  Step 1-2 : DPCH RX TTI SINR calculation.

    DPCH RX TTI SINR is obtained by averaging DPCH RX slot SINR across all slots in the TTI.

  Step 1-3 : Mapping curve generation

    Given different channel models and different geometry, simulations are performed to get curves that map DPCH RX SINR to DTCH BLER.
Step 2: System level simulation

For each UE, DPCH RX TTI SINR is calculated every TTI and is used to obtain the DTCH BLER using the mapping curves generated in Step 1. The DTCH BLER is used to determine whether the instantaneous speech block is successfully decoded or not. Outer loop power control is simulated to adjust the target SINR accordingly. Inner loop power control is simulated based on the simulated TPC rate.

9.2.3.2
System Simulation Assumptions for Uplink
9.2.3.2.1
Simulation Assumptions for Uplink voice over R99 DCH

Table 9.2-8: Uplink System Simulation Assumptions for R99 CS Voice
	Parameters
	Comments

	Traffic Type
	RAB: AMR12.2K; AMR5.9K

SRB:  not transmitted

	TBS, Spreading Factor and DPDCH Power Boost
	Packet
	TBS
	Spreading Factor
	DPDCH/DPCCH power ratio(dB)

	
	Full-AMR12.2K
	(81,103,60) for DTCH-A,B,C
	64
	-0.5993

	
	SID-AMR12.2K
	39
	256
	-6.6199

	
	Null-AMR12.2K
	0
	DPDCH DTXed
	N/A

	
	Full-AMR5.9K
	(55,63) for DTCH-A,B
	64
	-2.694

	
	SID-AMR5.9K
	39
	128
	-6.6199

	
	Null-AMR5.9K
	0
	DPDCH DTXed
	N/A

	TTI Configuration
	20ms 

	Encoder
	rate  of 1/3, 1/3, 1/2 convolutional code for Class A,B,C

	CRC
	12-bit CRC on Class-A and on SID frames.

	Modulation
	BPSK

	DPCCH slot format
	0 (6 pilots, 2 TPC, 2 TFCI bits per slot)

	TFCI Decoding Error Modeling
	0% error rate

	OLPC
	1% target residual BLER at TTI end
+0.5dB when packet decoding error

	ILPC
	1500Hz ILPC rate

2 slot feedback delay

+1dB/-1dB step size

4% error rate


9.2.3.2.2
General System Assumptions for Uplink

The system simulation assumptions for the mixed CS voice on DCH and BE data sover HSUPA are listed in Table 9.2-9.

Table 9.2-9: UL System Simulation Assumptions for mix of CS voice on DCH and BE data on HSUPA

	Parameters
	Comments

	Cell Layout
	Hexagonal grid, 19 NodeBs, 3 sectors per Node B with wrap-around

	Inter-site distance [m]
	1000

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometres

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Antenna pattern
	[image: image33.emf](
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	Channel Model
	100% PA3 (ITU), 100% VA30 (ITU). See Table 9.1.4 for power-delay profiles. 

	Penetration loss [dB]
	10

	Maximum UE EIRP
	23 dBm

	Uplink system noise
	 –103.16 dBm

	HS-DPCCH 
	CQI Feedback Cycle
	1 TTI

	
	ACK [dB]
	2 (not in SHO), 4 (in SHO)

	
	NACK [dB]
	2 (not in SHO), 4 (in SHO)

	
	CQI [dB]
	2 (not in SHO), 4 (in SHO)

	βec/ βc 
	15/15

	Soft Handover Parameters
	R1a (reporting range constant) = 6 dB

	UE distribution 
	Uniform over the area

	Number of UEs per sector
	4 (BE users on E-DCH)
0, 8, 16, 24, 32, 40, 48 (CS Voice on DCH)

	NodeB Receiver
	MRC Rake (2 antennas per cell)

	Uplink HARQ
	2ms TTI,Max # of transmissions =4,Target BLER=1% after 4th transmission, 8 HARQ processes.

	Maximum active set size
	3

	Inner Loop Power Control Delay
	2 slots

	Outer Loop Power Control Delay [radio frames]
	2

	UL TPC Error Rate [%] 
	4

	HSUPAScheduling Delays
	Period
	2ms

	
	Uplink SI delay
	6 slots

	
	DL Grant delay
	As per 25.321

	Scheduling Type
	Proportional Fair

	Target RoT
	6dB


A simplified simulation methodology may also be used in order to evaluate HSUPA data throughput by modeling only voice users in the system simulations. This is done by estimating the data throughput as a function of the fraction of RoT available for HSDPA after accounting for the power used by the overhead channels and by the circuit-switched voice UEs. This methodology is described as follows:

In UL system simulation, CS voice and HSUPA data services share the load of the cell together. With increasing number of CS voice users, load of CS voice is also increasing which means less available load for HSUPA data users. Assuming the load of the cell is fixed, HSUPA throughput can be calculated as a function of available HSUPA load. Here a simplified way in mapping the HSUPA throughput is provided with the following steps:



· Step 1: Assume fixed Iototal  on each cell, based on the target RoT in Table 9.2-9.

· Step 2: Simulating the CS voice only case, compute the long term averaged load of CS voice as

Lvoice = Iovoice_mean/Iototal;  where Iovoice_mean = ∑n Iovoice(n)/N, where n is the cell index, N is the total number of cells, the summations run over all cells in the simulation, and Iovoice(n) is the total received power from voice users in cell n.
· Step 3: Calculate available load for HSUPA user by as Lhs = 1- Lvoice – 1/RoT, and use it to interpolate the HSUPA load vs. throughput table shown in Table 9.2-10 and Figure 9.2-5 to compute the HSUPA throughput.

Table 9.2-10: HSUPA load vs throughput (kbps) mapping for ITU channels
	HSUPA  Load
	10%
	20%
	30%
	40%
	50%
	60%
	70%
	80%


	HSUPA Throughput(PA3)
	34.35
	288.13
	557.77
	846.55
	1172.83
	1552.94
	1963.71
	2338.79

	HSUPA Throughput(VA30)
	35.59
	171.21
	385.96
	597.76
	810.85
	1036.84
	1274.61
	1521.69
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Figure 9.2-5: HSUPA Mapping in ITU channels.

9.2.4
System Performance Evaluation Metrics 

9.2.4.1
System Performance metrics for downlink voice over R99 and enhanced DCH

a) Average cell throughput vs. Number of voice users per cell.

b) Average power per cell used by voice users

c) Average power per cell used by HS-PDSCH & HS-SCCH

d) CDF of the run-lengths of consecutive voice packet errors.

e) Percentages of voice users with Active set size of 1,2,3.

f) Percentage of voice users with BLER > 3%

g) CDF of packet delay for voice users.
9.2.4.2
System Performance metrics for uplink voice over R99 and enhanced DCH
a) Average cell throughput vs. Number of voice users per cell.

b) Average RxEc/No per cell used by voice users

c) Average RxEc/No per cell used by data users

d) CDF of the run-lengths of consecutive voice packet errors.

e) Percentages of voice users with Active set size of 1,2,3.

f) Percentage of voice users with BLER > 3%

g) CDF of RoT per cell.

h) CDF of packet delay for voice users.

9.2.5
Link Simulation Assumptions for voice over enhanced DCH (Solution 1 and 3)

9.2.5.1
Link Simulation Assumptions for Downlink voice over enhanced DCH

9.2.5.1.1
Pilot-Free DPCCH Slot Formats
The new pilot free DPCCH slot formats are listed in Table 9.2-11.

The slot formats 17-24 are used in pairs corresponding to the TDM of two users over a 20ms period. Figure 9.2-6 illustrates the slot formats for a pair of AMR5.9k users.  Only one user of a pair of TDM users is evaluated in the link simulations.  Slot formats 17 and 18 are to be used for the AMR 5.9K codec, and slot formats 21 and 22 are to be used for the AMR 12.2K codec. The DPCCH/DPDCH power offsets used are the same as those in the baseline assumptions as described in Table 9.2-1. The TTI reduction causes higher setpoints for each UE, although average power spent by NodeB does not increase since the number of UEs to which simultaneous transmission is required is halved. Hence, the maximum TxEcIor setting for use with these slot formats can be appropriately increased compared to that used for R99 DCH as listed in Table 9.2-1.

Table 9.2-11: New DL DPCH slot formats

	Vocoder
	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/ Slot
	DPDCH Bits/Slot
	DPCCH

Bits/Slot
	Transmitted slots per radio frame

NTr

	
	
	
	
	
	
	NData1
	NData2
	NTPC
	NTFCI
	NPilot
	

	AMR 5.9K
	17
	60
	30
	128
	40
	4
	32
	4, last 2 are DTXed
	0
	0
	15

	AMR 5.9K
	18
	60
	30
	128
	40
	4 DTX
	32 DTX
	4, last 2 are DTXed
	0
	0
	15

	AMR 5.9K
	19
	60
	30
	128
	40
	4
	32
	4, first 2 are DTXed
	0
	0
	15

	AMR 5.9K
	20
	60
	30
	128
	40
	4 DTX
	32 DTX
	4, first 2 are DTXed
	0
	0
	15

	AMR 12.2K
	21
	120
	60
	64
	80
	12
	64
	4, last 2 are DTXed
	0
	0
	15

	AMR 12.2K
	22
	120
	60
	64
	80
	12

DTX
	64 DTX
	4, last 2 are DTXed
	0
	0
	15

	AMR 12.2K
	23
	120
	60
	64
	80
	12
	64
	4, first 2 are DTXed
	0
	0
	15

	AMR 12.2K
	24
	120
	60
	64
	80
	12 DTX
	64 DTX
	4, first 2 are DTXed
	0
	0
	15
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Figure 9.2-6: Slot Formats used with TDM of two users – AMR5.9K

9.2.5.1.2
DPDCH Frame Early Termination (FET)
Frame Early Termination (FET) is an enhancement in which the receiver attempts early decoding of the packet, i.e., decoding prior to complete reception of the packet. An ACK feedback mechanism informs the transmitter of successful early decoding, and the transmission is terminated upon reception of the ACK. Since the false CRC-pass rate increases due to increase in the number of early decoding attempts, a 16 bit CRC is used for error detection (using the 16 bit CRC polynomial defined in 3GPP TS 25.212).  DL FET parameters are listed in Table 9.2-12.

Table 9.2-12: DL FET Parameters
	Parameter
	Value

	Channel Encoding
	Joint coding for AMR Class A,B,C bits

	Early decode attempts
	Once every slot, starting after receiving the first 2ms (=3 slots) of the transport block

	Early termination modelling
	DTX entire-DL-DPCCH and DL-DPDCH upon receiving ack, except for warm up period where only DL DPCCH is transmitted

	Number of warm up slots for DPCCH
	0,1

	CRC Size
	16, 12 (optional)


The ACK feedback timeline is shown in Figure 9.2-7.   
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Figure 9.2-7: DL FET
The OLPC operation is modified to account for successful early decoding attempts in FET.  A successful early decoding event results in a reduction of the SIR target. The receiver does not attempt any further decode attempts once the frame has successfully decoded. The SIR target is increased if the packet fails in all decoding attempts, including early decoding instances and final decoding after the entire packet has been observed.  

During warm up slots, only DPCCH is transmitted to assist ILPC with tracking the channel, if necessary.

Ideal ACK decoding is assumed for simplicity.  A 2 slot delay is assumed for ACK message. The parameters pertaining to the ACK modeling are shown in Table 9.2-13.

Table 9.2-13: ACK channel modelling in DL

	Parameter
	Value

	Early decode ack-delay —See Figure 9.2-7.
	2 slots

	Early decode Ack miss rate
	0%

	Early decode false-Ack rate
	0%


The rate matching parameters to be used with the new slot formats are specified in Table 9.2-14.  Figure 9.2-8 shows DL bit pipeline and defines the parameters specified in Table 9.2-14. A single transport channel is used to carry all DTCH packets. This ensures that all bits are protected by CRC, as opposed to the current scheme where the Full voice packet is subdivided into separately encoded packets, some of which are not protected by the CRC. Using the current scheme would result in higher BER for the bits that are not protected by CRC if the packet is terminated when the bits that are protected by CRC are early decoded.

Table 9.2-14: DTCH rate matching parameters

	Vocoder
	Transport block
	TBS=

Ninfo
	CRC size = Ncrc
	Encoding
	Slot 

formats+
	Number of encoded bits punctured by rate-matching

Npunc*
	Rate-matching Attributes

(DTCH, DCCH)

	AMR12.2K
	Full-joint A,B,C+CI**
	245
	16
	Conv 1/3
	21,22
	-83
	205,180

	AMR12.2K
	SID+CI
	40
	16
	Conv 1/3
	21,22
	-20
	205,180

	AMR12.2K
	Null+CI
	1
	16
	Conv 1/3
	21,22
	-8
	205,180

	AMR5.9K
	Full-joint A,B+CI
	119
	16
	Conv 1/3
	17,18
	99
	218,230

	AMR5.9K
	SID+CI
	40
	16
	Conv 1/3
	17,18
	45
	218,230

	AMR5.9K
	Null+CI
	1
	16
	Conv 1/3
	17,18
	18
	218,230


* Negative number indicates repetition. Definition of Npunc is illustrated in Figure 9.2-8, and its value depends on the rate-matching attributes.

+ A pair of  slot-formats indicates slot-formats used in alternate 10ms TTIs.

** CI = control indicator = 1 bit indicating presence or absence of DCCH; so that UE, on successful early decoding of DTCH, requests NodeB to early-terminate DPDCH if and only if DCCH is absent.
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Figure 9.2-8: Encoding and modulation of voice transport blocks for downlink, showing number of bits at each stage

9.2.5.2
Link Simulation Assumptions for Uplink voice over enhanced DCH
9.2.5.2.1
DPDCH Frame Early Termination (FET)
UL FET is similar to DL FET in principle; upon early decoding of data transport channel, an ACK message is sent to terminate UL transmission.  Since false CRC pass rate increases by increasing the number of early decoding attempts, 16 bit CRC is used for error detection. The UL FET parameters are listed in Table 9.2-15.

Table 9.2-15: UL FET Parameters
	Parameter
	Value

	Channel Encoding
	Joint coding for Class A,B,C bits in AMR full packet

	Early decode attempts
	Once every slot 

	Early termination modelling
	DTX entire UL-DPCCH and UL-DPDCH upon receiving ack, except during warmup periods where only UL-DPCCH is sent.

	Warm up period (slots)
	0,1


The ACK feedback timeline for UL FET is shown in Figure 9.2-9.
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Figure 9.2-9: UL FET

Warm up slots in UL DPCCH are provisioned to enhance channel tracking in presence of FET.  REF _Ref328571039 \h 

In the UL, the OLPC is modified to assist FET by targeting to achieve a certain BLER value at a particular FET attempt.  The BLER value is chosen such that the overall final BLER after all decoding attempts is less than or equal to desired block error rate for the voice traffic, and the slot at which BLER target is enforced may be an earlier slot in the TTI.  This is shown in Figure 9.2-10 REF _Ref348605114 \h 
, where the parameter OLPC_TARGET_SLOT specifies the location within the entire transport block (combined repeated transport blocks) at which OLPC targets a specified BLER.  The values of OLPC_TARGET_SLOT and BLER in this study are TBD.  OLPC updates the SIR target at the NodeB whenever a successful decoding attempt occurs for any transport channel (a CRC pass), or if decoding fails (no CRC pass) in all decoding attempts up to, and including, the decoding attempt happening at OLPC_TARGET_SLOT.   
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Figure 9.2-10: OLPC and Multiple Decoding Attempts  

The details of the OLPC operation are shown in Table 9.2-16.

Table 9.2-16: OLPC Operation
	Decoding Attempt A
	Decoding Attempt B
	Decoding Attempt C
	OLPC SIR Update

	CRC Pass
	Not tried 
	Not tried
	Update as a CRC Pass – immediately after A

	CRC Fail
	CRC Pass
	Not tried
	Update as a CRC Pass – immediately after B

	CRC Fail
	CRC Fail
	CRC Pass
	Update as a CRC Fail – immediately after B

	CRC Fail
	CRC Fail
	CRC Fail
	Update as a CRC Fail – immediately after B


The ACK channel for UL FET is assumed to be ideal for the purpose of this study for the sake of simplicity.  A 2ms delay for ACK message is assumed. The parameters pertaining to the ACK modeling are shown in Table 9.2-17.

Table 9.2-17: ACK channel modelling in UL

	Parameter
	Value

	Early decode ack-delay.  See Figure 9.2-9. 
	2 slots 



	Early decode Ack miss rate
	0%

	Early decode false-Ack rate
	0%


9.2.5.2.2
Uplink DTCH / DCCH Compression and Repetition

In the uplink, the compression and repetition of the DTCH/DTCH allows for more efficient FET operation. This is achieved by configuring the DTCH channel with 10ms TTI, along with a repetition at the MAC layer. Figure 9.2-11 shows the UL compression using 10ms TTI and transport block retransmission at MAC layer.  
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Figure 9.2-11: Transport block repetition at MAC Layer in UL

The beta gain factors in dB along with spreading factors used in UL are listed in Table 9.2-18 for the different TFCs. Optimization of the beta gain factors has been performed while taking the uplink DTCH / DCCH compression and repetition into account.
Table 9.2-18:  Voice transport blocks simulated on UL with enhanced DCH, and corresponding spreading factors

	Vocoder
	Transport block
	TBS=

Ninfo
	CRC size=Ncrc
	DPDCH Spreading factor
	DPDCH/DPCCH beta gain factors(dB)

	AMR12.2K
	Full
	244
	16
	32
	2.694

	AMR12.2K
	SID
	39
	16
	128
	-5.46

	AMR5.9K
	Full
	118
	16
	64
	-0.5993

	AMR5.9K
	SID
	39
	16
	128
	-5.46


* For Null transport block, DPDCH is entirely DTXed, and decoding is based on TFCI information.
9.2.5.2.3
FET-DPCCH

The FET-DPCCH is an uplink channel that carries the UL TFCI, and the ACK information for DL FET. The first 2 slots of FET-DPCCH are allocated to TFCI information, which is encoded using the mechanism in use for CQI encoding in HS-DPCCH channel based on (20,5) Reed Muller codes. The ACK information can be sent in subsequent slots as shown in Figure 9.2-12 and is encoded in the same way as the HARQ-ACK in the HS-DPCCH channel. TFCI information is sent at the beginning to allow NodeB to decode UL transport block format earlier.

 REF _Ref348682659 \h 
Tables 9.19  and 9.20 list other parameters pertaining to the FET-DPCCH channel.

Table 9.2-19: TFCI Control Channel Slot Format

	Slot Format
	Channel Bit Rate
	Channel Symbol Rate
	SF
	Bits/Slot

	0
	15
	15
	256
	10


Table 9.2-20: TFCI Control Channel Parameters

	Parameter
	Value

	TFCI encoding
	(20,5) Reed Muller Code

	Multiplexing
	Sent using a new channelization code on the UL

	Transmission
	Transmitted over the first 2 slots of every 20ms TTI

	Power offset w.r.t pilot
	0dB
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Figure 9.2-12: TFCI Control channel carrying TFCI and ACK information on UL.  
9.2.6
Link Simulation Assumptions for voice over enhanced DCH (Solution 2 and 4)
9.2.6.1
Link Simulation Assumptions for Downlink voice over enhanced DCH

9.2.6.1.1
New Proposed Slot Formats
Table 9.2.6-1 lists 4 new proposed DL DPCH slot formats (#17, #18, #19 and #20). DL DPCH slot format #17 is the default one if new proposed slot format is used. 

Table 9.2.6-1 - The proposed new DL DPCH slot formats
	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/ Slot
	DPDCH Bits/Slot
	DPCCH

Bits/Slot
	Transmitted slots per radio frame

NTr

	
	
	
	
	
	NData1
	NData2
	NTPC
	NTFCI
	NPilot
	

	17
	60
	30
	128
	40
	6
	32
	2
	0
	0
	15

	18
	60
	30
	128
	40
	4
	32
	4
	0
	0
	15

	19
	60
	30
	128
	40
	38
	0
	2
	0
	0
	15

	20
	60
	30
	128
	40
	36
	0
	4
	0
	0
	15


Table 9.2.6-2 and Figure 9.2.6-1 describes the proposed DL DPCH slot formats when TDM is introduced. Slot format #21 is the default simulated one if TDM is used.
Table 9.2.6-2: New DL DPCH Slot Formats with TDM

	Slot Format #i
	SF
	DPDCH Bits/Slot
	DPCCH

Bits/Slot
	Transmitted slot index per radio frame

	
	
	NData1
	NData2
	NTPC
	

	21A
	64
	12
	62
	6, last 4 are DTXed
	{0,3,6,9,12}

	21B
	64
	12 DTX
	62 DTX
	6, last 4 are DTXed
	{1,2,4,5,7,8,10,11,13,14}

	22A
	64
	12
	62
	6, first 2 and last 2 are DTXed
	{0,3,6,9,12}

	22B
	64
	12 DTX
	62 DTX
	6, first 2 and last 2 are DTXed
	{1,2,4,5,7,8,10,11,13,14}

	23A
	64
	12
	62
	6, first 4 are DTXed
	{0,3,6,9,12}

	23B
	64
	12 DTX
	62 DTX
	6, first 4 are DTXed
	{1,2,4,5,7,8,10,11,13,14}
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Figure 9.2.6-1: Illustration of DL DPCH slot formats for TDM of three users
9.2.6.1.2
Early Termination
ETI feedback error rate is assumed to be 0 for simplicity. The receiver decoding attempts are assumed slot 2 to slot 29 within a TTI, and the early termination indicator feedback delay is assumed 2 slots. As shown below, UE has no successful decoding until it collects data of slot 0~slot 9. According to the ETI feedback procedure, NodeB terminates DPDCH after slot 12. Since ET indicator transmission mechanism is still under discussion. To isolate the ET performance and the ETI mechanisms, it is assumed ETI can be transmitted in some way.
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Figure 9.2.6-2 – An example of ET for DL data transmission with new DL DPCH slot format
When DL and UL data transmission are both early terminated, DPCCH can be also terminated with negligible impact to system performance. Since UL is not simulated in DL performance simulation, NodeB is assumed to be able to stop DPCCH transmission as long as NodeB terminates DPDCH transmission for simplicity. The period is called ET Gap. One slot is used for power control warm up before entering the next TTI. ET Gap is shown in the below figure.
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Figure 9.2.6-3 – An example of ET for DL data transmission with new DL DPCH slot format
Table 9.2.6-3 lists parameters specific to ET. Additional parameters are listed in Table 9.2.6-4.

Table 9.2.6-3 – ET related parameters

	Parameter
	Description

	ETI feedback error rate
	0%

	ETI feedback delay
	2 slots

	Decoding attempts
	slot 2~ slot 29

	ET Gap warm up slot number
	1

	CRC size
	16


Table 9.2.6-4 – some other parameters

	Parameter
	Description

	Speech codec
	AMR 12.2k

	TFCI or BTFD
	BTFD

	TPC rate
	1500Hz

	RX finger assignment
	The unit is 1/8 chip

PA : [0, 3, 6, 13]

PB : [0, 6, 25, 37, 71, 114]

VA : [0, 10, 22, 33, 53, 77]

	CE mechanism
	PWC

	CE average symbol length
	29 symbols

	DPDCH power adjustment
( “Final DPDCH Tx power” = “DPDCH Tx power” + “DPDCH power adjustment” )
	-10.48 dB for “Null”
-6.29 dB for “SID”

0 dB for “Full”

	
	


9.2.6.1.3
Others
Table 9.2.6-5 lists some additional parameters. In this table, E-WCDMA stands for WCDMA with DPCH optimizations including DPCH slot format optimization, dynamic TPC, and early termination. Note that 1.5dB TPC PO is used for “E-WCDMA +TDM” for fair comparison, otherwise there will be bias against the other two schemes (Legacy and E-WCDMA) in terms of TPC CER. Since three UEs share one DPCH channel in TDM, the maximum DPDCH Ec/Ior is relaxed from -10dB to -7dB in simulation.

Table 9.2.6-5 – Additional parameters

	Parameter
	Value

	Speech codec
	AMR 12.2k

	TPC PO
	3dB for “Legacy” and “E-WCDMA”

1.5dB for “E-WCDMA+TDM”

	Max Ec/Ior
	-10dB for “Legacy” and “E-WCDMA”

-7dB for “E-WCDMA+TDM”

	TFCI or BTFD
	BTFD

	CE mechanism
	PWC

	CE average symbol length
	29 symbols


9.2.6.2 
Link Simulation Assumptions for Uplink voice over enhanced DCH
9.2.6.2.1
TFCI based transmission
The original TFCI (10,32) code is still applied with early decoding. The maximum number of TFC for 12.2k services is 16, which means only 4 bits out of 10 TFCI bits are valid. When 4 bits are encoded to 32 bits, the probability of a successful decoding before the whole 32 bits are fully collected is quite high. Whenever NodeB tries to decode the data, it first performs early decoding for TFCI. This is called TFCI early decoding.
9.2.6.2.2
Early Termination
ETI feedback error rate is assumed to be 0 for simplicity. The receiver decoding attempts are assumed slot 6 to slot 29 within a TTI, and the early termination indicator feedback delay is assumed 2 slots. As shown below, NodeB has no successful decoding until it collects data of slot 0~slot 9. According to the ETI feedback procedure, UE terminates DPDCH after slot 12. Since ET indicator transmission mechanism is still under discussion. To isolate the ET performance and the ETI mechanisms, it is assumed ETI can be transmitted in some way.
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Figure 9.2.6-4 – An example of ET for UL data transmission
When DL and UL data transmission are both early terminated, DPCCH can be also terminated with negligible impact to system performance. Since DL is not simulated in UL performance simulation, UE is assumed to be able to stop DPCCH transmission as long as UE terminates DPDCH transmission for simplicity. The period is called ET Gap. One slot is used for power control warm up before entering the next TTI. ET Gap is shown in the below figure.
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Figure 9.2.6-5 – An example of ET for UL data transmission
Table 9.2.6-6 lists simulation parameters specific to ET. Additional parameters are listed in Table 9.2.6-7.

Table 9.2.6-6 – Simulation parameters

	Parameter
	Description

	ETI feedback error rate
	0%

	ETI feedback delay
	2 slots

	Decoding attempts
	slot 6~ slot 29

	ET Gap warm up slot number
	1

	CRC size
	16


Table 9.2.6-7 – Additional parameters

	Parameter
	Description

	Speech codec
	AMR 12.2k

	TFCI or BTFD
	TFCI

	TPC rate
	1500Hz

	RX finger assignment
	The unit is 1/8 chip

PA : [0, 3, 6, 13]

PB : [0, 6, 25, 37, 71, 114]

VA : [0, 10, 22, 33, 53, 77]

	CE mechanism
	PWC

	CE average symbol length
	29 symbols

	βd/ βc for NULL, SID, FULL
	{DTX, 7/15, 14/15}

	DPDCH spreading factor
	32 for “SID”, and “Full”


9.2.7
Link Performance Evaluation Metrics for voice over enhanced DCH
Table 9.2-21 shows the metrics to be evaluated for each simulation, in order to judge the merits of the proposed enhancements. Note that these metrics include all the metrics described in the assumptions for baseline R99 evaluation as described in Section 9.2.2, so as to allow comparison against the baseline, as well as additional metrics to quantify FET performance and gating statistics. For the proposed uplink enhancement that involves a new UL TFCI and Ack channel design, Table 9.2-22 shows the metrics to be evaluated to capture the link performance of the new channel.

Table 9.2-21: Performance Metrics 
	Metric
	Definition
	Link
	Unit/Scaling

	DPCH Tx Ec/Ior per TFC
	Average power spent on DPDCH and DPCCH, combined, for each TFC, relative to total transmit Ior.  The averaging is performed over the entire simulation duration, including all DTX and turned-off (gated) periods.

OCNS power profile is used to maintain a total Ior of 1.  
	DL
	dB

	Average DPCH Tx Ec/Ior
	Average power spent on combined DPDCH and DPCCH relative to total transmit Ior, averaged across all TFCs according to their respective frequencies.  
	DL
	dB

	Received Ecp/No per TFC
	Average received Ecp/No for DPCCH per TFC, where averaging includes DTX and turned off (gated) periods.
	UL
	dB

	Received Ec/No per TFC
	Average received Ec/No for DPCH, including DPCCH+DPDCH+FET-DPCCH per TFC, where averaging includes DTX and turned off (gated) periods, for each TFC.


	UL
	dB

	Average Ec/No
	Total average received Ec/No for DPCH, including DPCCH+DPDCH+FET-DPCCH, where averaging includes DTX and turned off (gated) periods, averaged across all TFCs. A 2dB power offset is assumed for the FET-DPCCH channel.
	UL
	dB

	Total BLER
	Block error rates for all early decoding attempts for DPDCH averaged across all TFCs, according to TFC frequencies.
	DL/UL
	Percentage

	FET decoding BLER statistics
	Residual BLER at early decoding attempts, defined as total number of simulated transport blocks that resulted in a failed CRC check in each early decoding attempt, divided by the total of number of simulated transport blocks.
	DL/UL
	Percentage

	UE transceiver gating statistics
	Average amount of time UE transmitter is gated.
	UL
	Percentage

	TPC error rate
	TPC decoding bit error rate
	DL/UL
	Percentage


Table 9.2-22: FET-DPCCH channel Metrics
	Metric
	Definition
	Link
	Unit/Scaling

	TFCI decoding error rate
	TFCI decoding error rate on FET-DPCCH channel
	UL
	Percentage

	ACK missed detection
	Rate of missed detection for the ACK message
	UL
	Percentage

	ACK false alarm
	Rate of false alarm for the ACK message
	UL
	Percentage


9.2.8
System Simulation Assumptions for voice over enhanced DCH (Solution 1 and 3)
The system simulation assumptions for voice over enhanced DCH are in line with those for voice over R99, so as to enable comparison between the two. Thus, most parts of Sections 9.2.3 and 9.2.4 also apply for voice over enhanced DCH. The only parts that don’t apply are certain parameter value assumptions listed for R99 DCH in Tables 9.6 and 9.8 (eg, the DL rate-matching attributes) which are actually identical to the corresponding values assumed in the link simulation assumptions for R99 DCH. Since the corresponding link simulation assumptions for enhanced DCH are different, this change needs to be also reflected in the system simulation assumptions for enhanced DCH. These changes are captured in Tables 9.23 and 9.24.

Table 9.2-23: Downlink System Simulation Assumptions for CS Voice over enhanced DCH: Changes relative to Table 9.2-6

	Parameters
	Comments

	TBS on DTCH
	Null: 1, SID: 40; Full-AMR12.2K: 245 for DTCH; Full-AMR5.9K: 119 for DTCH.

	RM attributes
	AMR12.2K: 205, 180 for DTCH, DCCH.

AMR5.9K: 218,230 for DTCH, DCCH.Using fixed position rate matching in both cases.

	DL DPCH Slot format
	As in Table 9.2-11

	Encoder
	1/3 rate convolutional code

	CRC
	16-bit CRC

	DL DPCH TxEc/Ior limits
	Maximum = -6.24dB (AMR12.2kbps) and -6.65dB (AMR5.9kbps), minimum = -40dB.


Table 9.2-24: Uplink System Simulation Assumptions for CS Voice over enhanced DCH - Changes relative to Table 9.2-8
	Parameters
	Comments

	TBS, Spreading Factor and DPDCH Power Boost
	As in Table 9.2-18

	TTI Configuration
	10ms with 2 repetitions

	Encoder
	rate  1/3 convolutional code

	CRC
	16-bit CRC for Full and SID frames

	DPCCH slot format
	1 (8 pilots, 2 TPC)


9.2.9
System Simulation Assumptions for voice over enhanced DCH (Solution 2 and 4)
For those system simulation assumptions, which are specific to enhanced DCH or other than those in Section 9.2.3 and Section 9.2.4, they can be found in Section 9.2.6 “Link Simulation Assumption”.

[---------------------------------------------------------------- TEXT END --------------------------------------------------------------]

3
Conclusions

It is proposed to agree to and capture the text proposal on DCH enhancements as presented in this document to TR 25.702 [1].
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