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1
Introduction

In this contribution, link level performance results for uplink VoHSPA are evaluated and performance comparisons against legacy R99 DCH channel are presented.  Simulation assumptions for baseline R99, DCH enhancements, and VoHSPA are as described in [1], and key assumptions are also listed in Appendix. 
2
Simulation Results

2.1
     Link Performance of AMR 12.2K 
Table 1 provides link performance results for AMR 12.2K codec over legacy R99 DCH channel in terms of received Ec/No. The received Ec/No presented in this table encompasses DPDCH channel along with all overhead channels. The description of the received Ec measurement is provided in Figure 1 in the Appendix. There are significant reductions in received Ec/No levels by DCH enhancement and by VoHSPA, as compared with legacy R99 DCH. The gains due to enhancements applied to the DCH channel are 2.29dB, 2.55dB, 2.47dB and 2.57dB for PA3, PB3, VA30, and VA120, respectively. Note that Null packets are not transmitted on the uplink, however the DPCCH is still transmitted for the duration of the Null packet, hence the Ec/No of the Null packet is defined to be the same as the Ecp/No of the SID packet, in all the schemes (R99, DCH-enhancements, and VoHSPA).
Table 1: Link Performance of AMR 12.2kbps

	Channel Type

	Voice Packet Type
	Received Ec/No (dB)

	
	
	R99
	DCH-Enh
	VoHSPA
	VoIP
	Gain of DCH-Enh
	Gain of VoHSPA

	PA3
	Full
	-17.5546
	-19.6606
	-18.492
	-18.219
	2.106
	0.938

	
	SID
	-20.1647
	-22.6862
	-21.088
	-21.088
	2.522
	0.923

	
	Null
	-21.0204
	-23.7734
	-26.125
	-26.125
	2.753
	5.105

	
	Average
	-18.914
	-21.204
	-20.640
	-20.415
	2.290
	1.726

	PB3
	Full
	-17.1555
	-19.471
	-17.933
	-17.683
	2.316
	0.777

	
	SID
	-19.6671
	-22.5716
	-20.239
	-20.239
	2.905
	0.572

	
	Null
	-20.5227
	-23.6588
	-25.185
	-25.185
	3.136
	4.662

	
	Average
	-18.484
	-21.036
	-20.015
	-19.813
	2.553
	1.531

	VA30
	Full
	-16.9857
	-19.2084
	-17.710
	-17.471
	2.223
	0.724

	
	SID
	-19.5188
	-22.3514
	-20.067
	-20.067
	2.833
	0.548

	
	Null
	-20.3744
	-23.4386
	-24.921
	-24.921
	3.064
	4.546

	
	Average
	-18.321
	-20.785
	-19.789
	-19.596
	2.465
	1.469

	VA120
	Full
	-16.4797
	-18.7702
	-16.915
	-16.662
	2.291
	0.435

	
	SID
	-18.9611
	-21.9682
	-19.266
	-19.266
	3.007
	0.305

	
	Null
	-19.8168
	-23.0553
	-24.071
	-24.071
	3.239
	4.254

	
	Average
	-17.798
	-20.363
	-18.987
	-18.782
	2.565
	1.189


The TPC error rate performances on UL DPCCH and received Ecp/No are shown in Table 2 and in Table 3, respectively.
Table 2: TPC decoding error rate
	Channel Type
	Voice Packet Type
	TPC error rate

	
	
	R99
	DCH-Enh
	VoHSPA
	VoIP

	PA3
	FULL
	0.0125
	0.0234
	0.0769
	0.0703

	
	SID
	0.0212
	0.0163
	0.1594
	0.1594

	PB3
	FULL
	0.0214
	0.0361
	0.1007
	0.0933

	
	SID
	0.0328
	0.0259
	0.1832
	0.1832

	VA30
	FULL
	0.0319
	0.0442
	0.1039
	0.0949

	
	SID
	0.0451
	0.0356
	0.1822
	0.1822

	VA120
	FULL
	0.0436
	0.0515
	0.0984
	0.0918

	
	SID
	0.0555
	0.0436
	0.169
	0.169


Table 3: Received Ecp/No
	Channel Type
	Voice Packet Type
	Received  Ecp/No

	
	
	R99
	DCH-Enh
	VoHSPA
	VoIP

	PA3
	FULL
	-20.2756
	-24.2235
	-23.9036
	-23.6747

	
	SID
	-21.0204
	-23.7734
	-26.1249
	-26.1249

	PB3
	FULL
	-19.8765
	-24.0339
	-23.2648
	-23.0337

	
	SID
	-20.5227
	-23.6588
	-25.1909
	-25.1909

	VA30
	FULL
	-19.7067
	-23.7713
	-22.8633
	-22.6432

	
	SID
	-20.3744
	-23.4386
	-24.9205
	-24.9205

	VA120
	FULL
	-19.2007
	-23.3331
	-21.9119
	-21.682

	
	SID
	-19.8168
	-23.0553
	-24.0684
	-24.0684


2.2
     Link Performance of AMR 5.9K 
Table 4 shows the performance comparison of AMR 5.9K codec against R99 legacy DCH channel.  There are substantial gains due to enhancements applied to the DCH channel and VoHSPA when compared to AMR 5.9K codec performance carried over legacy DCH channel. 

Table 4: Link Performance of AMR 5.9kbps

	Channel Type
 
	Voice Packet Type 

 
	Received Ec/No (dB)

	
	
	R99
	DCH-Enh
	VoHSPA
	VoIP
	gainEnh
	gainVoHSPA

	PA3
	Full
	-19.0718
	-21.4108
	-20.314
	-19.911
	2.339
	1.242

	
	SID
	-20.1609
	-22.6859
	-21.088
	-21.088
	2.525
	0.927

	
	Null
	-21.0166
	-23.773
	-26.125
	-26.125
	2.756
	5.108

	
	Average
	-19.890
	-22.377
	-22.072
	-21.767
	2.487
	2.182

	PB3
	Full
	-18.5592
	-21.239
	-19.580
	-19.188
	2.680
	1.020

	
	SID
	-19.6867
	-22.5718
	-20.239
	-20.239
	2.885
	0.552

	
	Null
	-20.5424
	-23.659
	-25.185
	-25.185
	3.117
	4.643

	
	Average
	-19.393
	-22.227
	-21.293
	-20.999
	2.834
	1.900

	VA30
	Full
	-18.4103
	-20.9846
	-19.349
	-18.981
	2.574
	0.938

	
	SID
	-19.5198
	-22.3507
	-20.067
	-20.067
	2.831
	0.547

	
	Null
	-20.3754
	-23.4379
	-24.921
	-24.921
	3.063
	4.545

	
	Average
	-19.237
	-21.985
	-21.060
	-20.785
	2.748
	1.824

	VA120
	Full
	-17.8875
	-20.5576
	-18.567
	-18.173
	2.670
	0.679

	
	SID
	-18.9663
	-21.9688
	-18.567
	-19.266
	3.003
	-0.400

	
	Null
	-19.822
	-23.056
	-24.071
	-24.071
	3.234
	4.249

	
	Average
	-18.702
	-21.574
	-20.206
	-19.970
	2.872
	1.504


Table 5: TPC decoding error rate

	Channel Type
	Voice Packet Type
	TPC error rate

	
	
	R99
	DCH-Enh
	VoHSPA
	VoIP

	PA3
	FULL
	0.0203
	0.0218
	0.1336
	0.1215

	
	SID
	0.0211
	0.0163
	0.1594
	0.1594

	PB3
	FULL
	0.0313
	0.034
	0.1560
	0.1443

	
	SID
	0.0331
	0.0259
	0.1832
	0.1832

	VA30
	FULL
	0.0432
	0.0429
	0.1561
	0.1427

	
	SID
	0.045
	0.0357
	0.1822
	0.1822

	VA120
	FULL
	0.0543
	0.0497
	0.1482
	0.1351

	
	SID
	0.0554
	0.0436
	0.169
	0.169


Table 6: Received Ecp/No

	Channel Type
	Voice Packet Type
	Received  Ecp/No

	
	
	R99
	DCH-Enh
	VoHSPA
	VoIP

	PA3
	FULL
	-20.9407
	-24.1317
	-25.5128
	-25.1502

	
	SID
	-21.0166
	-23.773
	-26.1249
	-26.1249

	PB3
	FULL
	-20.4282
	-23.96
	-24.616
	-24.3122

	
	SID
	-20.5424
	-23.659
	-25.1909
	-25.1909

	VA30
	FULL
	-20.2792
	-23.7056
	-24.2832
	-23.953

	
	SID
	-20.3754
	-23.4379
	-24.9205
	-24.9205

	VA120
	FULL
	-19.7564
	-23.2786
	-23.4644
	-23.0611

	
	SID
	-19.822
	-23.056
	-24.0684
	-24.0684


3
Conclusions

In this contribution, we have provided link level simulation performance results comparing R99, DCH enhancements and VoHSPA on the uplink for AMR 12.2K and AMR5.9K voice codecs. Simulation results show significant gain from DCH enhancements in overall received Ec/No. 
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Annex
	Parameter
	Value

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

	E-DCH TTI [ms]
	2

	TBS [bits]
	See Tables 11,12 (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 for power-delay profiles

	Rake Finger Configuration

	Frequency and time tracking loops are disabled, fingers are assigned as in Table 10

	NodeB Receiver Type
	Rake

	Active set size
	1, 2 (soft handover)

	Link imbalance in soft handover
	0dB


Table 8: 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: 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 10: Delays of assigned Rake fingers in ITU channels

	Channel
	Path delays (in 1/8th of a chip)

	PA
	0,7

	PB
	0,7,25,37,71,114

	VA
	0,10,22,33,53,77


Table 11: 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

Table 12: 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
Received Ec measurement
A new voice packet is generated at every 20ms, as shown in Figure 1. In this example, it is assumed that 3 packets are generated and 4/1/2 HARQ attempts are made for packet 1/2/3, respectively. E-DPDCH and E-DPCCH are transmitted for each HARQ attempt.  DPCCH is transmitted continuously and CQI/ACK are transmitted on HS-DPCCH once every 8ms/20ms respectively. The received total power is the sum of all these channel powers.  The average of this received power across the whole simulation is recorded as the received Ec.   
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Figure 1: Received Ec
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