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1
Introduction

This document presents VoIP capacity simulations for both UL and DL using a 3GPP Release 6 configured WCDMA HSPA system simulator. The purpose is to discuss whether a 3GPP Release 6 configured WCDMA HSPA system is uplink or downlink limited when it comes to VoIP capacity. 
2
Simulation assumptions
The simulated radio network consists of 12 three-sector sites (36 cells) with 1.5 km site-to-site distance deployed in an ordinary hexagonal layout. Wrap-around is used to prevent border effects. Standard models for distance attenuation (29+35*log(d) where d is distance [m]), shadow fading (lognormal with standard deviation of 8 dB) and, multi-path fading (3GPP Typical Urban) are used.

A comprehensive WCDMA/HSDPA system model is used. The physical layer models, comprising quality models, measurement models (e.g. CQI and intra-frequency Ec/No) and power control models, have slot-level time resolution. The HSDPA link adaptation is based on reported CQI and the instantaneous available transmit power. Hybrid ARQ with 6 parallel processes and Chase combining are included. An RLC protocol configured in unacknowledged mode is modeled in detail. Code multiplex of up to four users is allowed.

The system comprises PS VoIP users only or CS speech users only. The speech codec is AMR12.2 and the speech activity is 50%, with on and off periods distributed exponentially.

Headers are compressed using RoHC (for VoIP) and we assume a constant state where the remaining header size is 3 bytes throughout the simulation. The scheduler is QoS-aware and determines priority based on delay (after a packet hasarrived at the buffer). The total time for scheduling and HARQ retransmissions is maximum 100ms.
Some simulation parameters are given in Table 1. 

Table 1  Simulation parameters

	Parameter
	Value
	comments

	UMTS BS Nominal TX power [dBm]
	43 (20W)
	

	HSPA DL orthogonal overhead channels (CPICH, E-HICH, BCCH etc)
	19% (3.8W)
	

	SCH power
	1% (0.2W)
	

	Path loss Model: COST 231
	-29.03-35.22*log10(d)
	

	Shadowing standard deviation [dB]
	8
	

	HS-SCCH power
	0.8W per channel, fixed
	

	Propagation Channel
	3GPP Typical Urban
	

	Number of cells
	36
	

	Cell layout
	3-Cell Clover Leaf
	

	Inter-site Distance [m]
	1500
	

	Frequency
	2 GHz
	

	EUL TTI length
	10 ms
	

	DL BLER target
	1%
	

	Receiver Type
	RAKE
	

	HSDPA codes for VoIP
	8
	

	Code multiplex
	Up to 4
	

	DL scheduler
	Opimized delay scheduler
	

	Packet discard at delay threshold
	Yes
	

	F-DPCH
	Modelled
	

	Max UL HARQ attempts
	3
	

	Max DL delay threshold
	100 ms
	

	E-DPCCH 
	Fixed
	

	UL DPCCH CIR target
	{-19, -22} dB
	

	E-DPCCH power offset
	0 dB
	

	E-DPDCH power offset
	{0, 3} dB
	

	HS-DPCCH
	Not modelled
	

	Voice call mean length
	30 seconds
	

	Voice on/off mean length
	2 seconds
	Exponential distribution

	RLC SDU size
	280 bits
	AMR12.2 + ROHC 3 bytes

	UE speed
	3 kmph
	

	VoIP packet arrival interval 
	20 ms
	

	Voice activity
	50%
	

	Satisfied user single link
	Max 1% PLR @ 95%
	


3
Simulation results
The simulations show that the capacity of VoIP over WCDMA HSPA based on 3GPP release 6 specifications may surpass that of CS speech, given the assumptions that these simulations are based on, see Figure 1. The downlink VoIP capacity is more than 10 percent better than CS downlink capacity when assuming a quality comparable to CS speech (max 1% packet loss per wireless link).
The CS capacity is limited by the DL. Therefore, throughout this document the CS DL voice service capacity is used as a reference and equals the value 1.
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Figure 1  DL CS speech and WCDMA HSDPA VoIP capacity
Figure 2 shows the VoIP over EUL capacity for a DPCCH CIR target of -19dB and -22dB, respectively, for the control channel carrying the physical layer control information. The use of a CIR target of -22 dB is used since it gives a TPC error rate of approximately 4%, see e.g. [1].
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Figure 2  UL CS speech and WCDMA EUL VoIP capacity (Relative capacity = 1 equals DL CS speech capacity)

The higher CIR target is included to demonstrate the importance of the DPCCH CIR target for the VoIP capacity. The VoIP capacity (with CIR -22dB) in the figure is around 40% higher than CS DL speech.

Note that the effect of HS-DPCCH is not included in the results in Figure 2. Therefore the results are a bit optimistic. The impact of the HS-DPCCH depends on the CQI update rate. An update rate of every 4th or 8th TTI seems reasonable for real-time services. The VoIP capacity loss due to HS-DPCCH can then be approximated to 19% and 11%, respectively. If the CQI reporting reduction concept [1] is applied the loss of VoIP capacity can be less. 
Taking the HS-DPCCH into account gives a VoIP uplink capacity approximately equal to the VoIP downlink capacity (as well as equal to the CS UL capacity), assuming that a DPCCH CIR target of -22dB is achievable.

4
Conclusions

Simulations show that given a sufficiently low DPCCH CIR target setting, in a 3GPP Rel 6 compliant WCDMA HSPA system the UL and DL VoIP capacity may be approximately equal.  
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