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1
Introduction

Link level performance results for uplink VoHSPA were evaluated and performance comparisons against legacy R99 DCH channel were presented [1]. Simulation assumptions for baseline legacy DCH were given in [2].  In this contribution link level performance with CPC is analysed and presented for comparison. The link simulations used for this analysis are the same as those used in [1], and do not have CPC enabled. Instead, we compute the uplink DPCCH power that could have been eliminated by gating during those simulations if CPC had been enabled, and thus obtain the new link results with CPC. Thus, this analysis does not account for the losses that would have been incurred if the gating had actually been implemented – eg, losses due to intermittent inner-loop power control. Also, the assignment of HARQ process index to the voice packets is done attempting to maximize the uplink DPCCH gating time, which may not always be possible in a practical implementation due to scheduling constraints. Thus our analysis provides an upper bound on the link performance of UL VoHSPA with CPC.

2
Numerical Results

For the link level performance with CPC the DPCCH power removal amount is calculated for the Full and SID packet and DPCCH power amount for Null packet. In this analysis parameters are listed in the Table 1.
Table 1: CPC parameters

	Parameters
	Value

	UE DTX cycle 1
	16ms

	UE DTX cycle 2
	128ms

	Inactivity threshold for UE DTX cycle 2
	160ms

	CQI DTX Timer
	128ms

	CQI priority
	low

	CQI TX cycle
	8ms


2.1 How to calculate the DPCCH power removal amount for full and SID packet
For the Rx Ec/No with CPC, the DPCCH power removal amount is calculated and subtracted from total Rx Ec/No, as shown in Equation (1).  

Rx Ec/No for CPC is defined as below equation for full and SID packet.

[image: image2.png]Eq(1)




where f is removing weight factor and defined as

[image: image3.png]Eq(2)





where s(n) is fraction of time DPCCH is on if all packets took n HARQ attempts and p(n) is probability that packet needs exactly n HARQ attempts.

The following figures are shown for s(n) calculation for n=1,2,3,4.
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Figure 1: 1 HARQ Attempt Case

New packet is generated at every 20ms. In this Figure 1, new packet2 is transmitted at HARQ process index 4, not 2, so as to overlap with the CQI transmission and thus maximize the DPCCH gating opportunity. The 1 HARQ attempt case  has total 2 TTIs for 2 transmitted packets (HARQ process index 0, 4), 2TTIs for DPCCH pre/post-amble  (HARQ process index 0, 4), and total 3 CQI(HARQ process index  4,8,16) with each CQI having 1and 2/3 TTIs. This patterns repeat at every 20 TTI. For n= 2, 3, 4,  total # of TTIs for transmitted packets, pre/post-amble, CQI, period TTI and s(n)  are listed in the Table 2. 

Table 2: s(n) in case of the 1/2/3/4 HARQ attempts cases

	# of HARQ Attempt(n)
	Total # of  TTIs for Tx Packet
	Total # of  TTIs for Pre/post-amble
	Total # of  TTIs for  CQI
	Period TTI
	s(n)

	1
	2
	2
	3×(1+2/3)
	20
	0.45

	2
	4
	3
	2× (1+2/3) + 1×3/3
	20
	0.57

	3
	12
	8
	2× (1+2/3)+ 2×3/3
	40
	0.63

	4
	16
	10
	2×3/3
	40
	0.70
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Figure 2: 2 HARQ Attempt Case
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Figure 3: 3 HARQ Attempt Case
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Figure 4: 4 HARQ Attempt Case

The p(n) values are different for packet size and channel type. These are listed in the following  Table 3- 6.

Table 3: p(n) values  in AMR 12.2kbps

	CSoHS

	Channel

Type
	Full
	SID

	
	1st  Attempt
	2nd Attempt
	3rd Attempts
	4th Attempts
	1st  Attempt
	2nd Attempt
	3rd Attempts
	4th Attempts

	PA 3
	0.02
	0.35
	0.49
	0.14
	0.10
	0.50
	0.31
	0.08

	PB 3
	0.03
	0.39
	0.45
	0.12
	0.15
	0.49
	0.28
	0.08

	VA 30
	0.11
	0.42
	0.36
	0.11
	0.22
	0.45
	0.25
	0.08

	VA 120
	0.14
	0.45
	0.31
	0.09
	0.24
	0.44
	0.24
	0.08


Table 4: p(n) values  in AMR 5.9kbps

	CSoHS

	Channel

Type
	Full
	SID

	
	1st  Attempt
	2nd Attempt
	3rd Attempts
	4th Attempts
	1st  Attempt
	2nd Attempt
	3rd Attempts
	4th Attempts

	PA 3
	0.06
	0.46
	0.37
	0.10
	0.10
	0.50
	0.31
	0.08

	PB 3
	0.10
	0.49
	0.32
	0.08
	0.15
	0.49
	0.28
	0.08

	VA 30
	0.18
	0.46
	0.28
	0.08
	0.22
	0.45
	0.25
	0.08

	VA 120
	0.20
	0.45
	0.27
	0.08
	0.24
	0.44
	0.24
	0.08


Table 5: p(n) values  in AMR 12.2kbps

	VoIP

	Channel

Type
	Full
	SID

	
	1st  Attempt
	2nd Attempt
	3rd Attempts
	4th Attempts
	1st  Attempt
	2nd Attempt
	3rd Attempts
	4th Attempts

	PA 3
	0.01
	0.34
	0.50
	0.15
	0.10
	0.50
	0.31
	0.08

	PB 3
	0.03
	0.39
	0.46
	0.13
	0.15
	0.49
	0.28
	0.08

	VA 30
	0.10
	0.42
	0.37
	0.11
	0.22
	0.45
	0.25
	0.08

	VA 120
	0.14
	0.46
	0.31
	0.09
	0.24
	0.44
	0.24
	0.08


Table 6: p(n) values  in AMR 5.9kbps

	VoIP

	Channel

Type
	Full
	SID

	
	1st  Attempt
	2nd Attempt
	3rd Attempts
	4th Attempts
	1st  Attempt
	2nd Attempt
	3rd Attempts
	4th Attempts

	PA 3
	0.05
	0.44
	0.40
	0.11
	0.10
	0.50
	0.31
	0.08

	PB 3
	0.08
	0.47
	0.36
	0.09
	0.15
	0.49
	0.28
	0.08

	VA 30
	0.16
	0.46
	0.29
	0.08
	0.22
	0.45
	0.25
	0.08

	VA 120
	0.19
	0.47
	0.26
	0.08
	0.24
	0.44
	0.24
	0.08


2.2     How to calculate the DPCCH power amount for Null packet
Rx Ecp/No for CPC is defined as below equation (3) for null packet.

[image: image8.png]Eq(3)




where fnull is weight factor

The procedure to calculate fnull is shown in the following Figure 5 and  6. First, for the case when downlink has heavy traffic, the DPCCH transmits at every 8 TTI and CQI at 4 TTI with pre/post-amble.  This case has total 5 TTIs for DPCCH, 5TTIs for DPCCH pre/post-amble, and total 5 CQI with each CQI having 1and 2/3 TTIs in 40 TTI. The DL light traffic case  has total 10 TTIs for DPCCH, 10TTIs for DPCCH pre/post-amble, and total 8 CQI with each CQI having 1and 2/3 TTIs in 80 TTI as shown in Table 7.  
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Figure 5: DL heavy traffic case
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Figure 6: DL light traffic case

Table 7: fnull calculation

	DL Traffic
	Total # of  TTIs for DPCCH TX
	Total # of  TTIs for Pre/post-amble
	Total # of  TTIs for  CQI
	Period TTI
	fnull

	heavy
	5
	5
	5×(1+2/3)
	40
	0.46

	light
	10
	10
	8×(1+2/3) 
	80
	0.42


2.3     Link Performance of AMR 12.2K 

The received Ec/No with CPC is presented in the Table 8. In this analysis, an upper bound on the link performance is used in case of VoHSPA.  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. The gains due to enhancement against VoHSPA are observed in PB3, VA30 and VA120. 

Table 8: Link Performance of AMR 12.2kbps

	Channel Type
 
	Voice Packet Type 

 
	Received Ec/No (dB)

	
	
	R99
	DCH-Enh
	VoHSPA
	VoIP
	gainEnh
	gainVoHSPA

	PA3
	Full
	-17.55
	-19.66
	-19.00
	-18.72
	2.11
	1.45

	
	SID
	-20.16
	-22.69
	-21.69
	-21.69
	2.52
	1.53

	
	Null
	-21.02
	-23.77
	-29.32
	-29.32
	2.75
	8.30

	
	Average
	-18.91
	-21.20
	-21.41
	-21.16
	2.29
	2.50

	PB3
	Full
	-17.16
	-19.47
	-18.46
	-18.21
	2.32
	1.30

	
	SID
	-19.67
	-22.57
	-20.87
	-20.87
	2.90
	1.20

	
	Null
	-20.52
	-23.66
	-28.38
	-28.38
	3.14
	7.86

	
	Average
	-18.48
	-21.04
	-20.82
	-20.60
	2.55
	2.34

	VA30
	Full
	-16.99
	-19.21
	-18.29
	-18.04
	2.22
	1.30

	
	SID
	-19.52
	-22.35
	-20.73
	-20.73
	2.83
	1.21

	
	Null
	-20.37
	-23.44
	-28.12
	-28.12
	3.06
	7.74

	
	Average
	-18.32
	-20.79
	-20.65
	-20.43
	2.46
	2.32

	VA120
	Full
	-16.48
	-18.77
	-17.53
	-17.27
	2.29
	1.05

	
	SID
	-18.96
	-21.97
	-19.94
	-19.94
	3.01
	0.98

	
	Null
	-19.82
	-23.06
	-27.27
	-27.27
	3.24
	7.45

	
	Average
	-17.80
	-20.36
	-19.88
	-19.66
	2.56
	2.08


2.4
    Link Performance of AMR 5.9K 

Table 8 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 when compared to AMR 5.9K codec performance carried over legacy DCH channel. The gain due to enhancement against VoHSPA is observed in VA120 and the very slightly losses in PB3, VA30. 

Table 8: Link Performance of AMR 5.9kbps

	Channel Type
 
	Voice Packet Type 

 
	Received Ec/No (dB)

	
	
	R99
	DCH-Enh
	VoHSPA
	VoIP
	gainEnh
	gainVoHSPA

	PA3
	Full
	-19.07
	-21.41
	-20.88
	-20.46
	2.34
	1.80

	
	SID
	-20.16
	-22.69
	-21.69
	-21.69
	2.53
	1.53

	
	Null
	-21.02
	-23.77
	-29.32
	-29.32
	2.76
	8.30

	
	Average
	-19.89
	-22.38
	-22.99
	-22.65
	2.49
	3.10

	PB3
	Full
	-18.56
	-21.24
	-20.18
	-19.77
	2.68
	1.62

	
	SID
	-19.69
	-22.57
	-20.87
	-20.87
	2.89
	1.18

	
	Null
	-20.54
	-23.66
	-28.38
	-28.38
	3.12
	7.84

	
	Average
	-19.39
	-22.23
	-22.26
	-21.92
	2.83
	2.87

	VA30
	Full
	-18.41
	-20.98
	-19.99
	-19.61
	2.57
	1.58

	
	SID
	-19.52
	-22.35
	-20.73
	-20.73
	2.83
	1.21

	
	Null
	-20.38
	-23.44
	-28.12
	-28.12
	3.06
	7.74

	
	Average
	-19.24
	-21.98
	-22.06
	-21.75
	2.75
	2.83

	VA120
	Full
	-17.89
	-20.56
	-19.22
	-18.82
	2.67
	1.33

	
	SID
	-18.97
	-21.97
	-19.13
	-19.94
	3.00
	0.17

	
	Null
	-19.82
	-23.06
	-27.27
	-27.27
	3.23
	7.44

	
	Average
	-18.70
	-21.57
	-21.21
	-20.96
	2.87
	2.50


3
Conclusions

In this contribution, link level numerical results and comparison for uplink VoHSPA with CPC for AMR 12.2K and AMR5.9K voice codecs are provided.  In case of AMR 12.2K the gains due to enhancement against VoHSPA are observed in PB3, VA30 and VA120. On the other hand, VA120 channel has the gain from enhancement against VoHSPA and slightly losses are observed in PB3 and VA30 for AMR 5.9K. The VoHSPA performance results used here represent an upper-bound on achievable VoHSPA performance with CPC, since the  UL DPCCH gating not actually modelled in simulation, but was only accounted for in the RxEc/No calculation. Also the allocation of HARQ processes to packets was aimed at maximizing the gating time, which may not be always feasible in a practical implementation due to scheduling constraints.
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