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1
Introduction

In ‎[1], the simulations indicate that the uplink and downlink VoIP capacities in a Rel-6 compliant WCDMA HSPA network may be approximately equal. By that statement, it is not said that uplink improvements like uplink DPCCH  gating not are needed; on the contrary identified capacity improvements for the uplink should encourage the 3GPP community to seek for additional downlink capacity improvements. One such possible downlink enhancement is reduced HS-SCCH overhead or even HS-SCCH-less operation; see ‎[2] and ‎[3].
This paper analyses the possible VoIP capacity gain of either reducing the power consumption (by reducing size) or even removing the HS-SCCH.
2
VoIP capacity gain when reducing HS-SCCH power 
2.1
Theory

To analyse the possible gain of reducing the HS-SCCH overhead a theoretical model of VoIP over HSDPA was used. In this model a cell with M VoIP users is considered, each with a voice activity factor ρ, which give a number of simultaneous users Mactive =M ρ. 

The packets arrive at MAC-hs with an interval of TVoIP which typically is one packet every 20 ms.  It is also assumed that the VoIP service is delay sensitive and that all packets more delayed than Dmax are thrown away. This gives the highest amount of VoIP packets that can be bundled in a TTI: 
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The actual number of VoIP packets per TTI depends on how often a user can be scheduled. Here we assume a round-robin scheduler. By doing that the time between transmission opportunities for a user becomes the ratio between the number of active users (Mactive) and the amount of code multiplexing used (C) times the TTI length (TTTI = 2 ms)
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The number of VoIP packets in average sent to a user in a TTI will then be
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Now we assume that one VoIP packet requires a CIR of γm to be transmitted. Knowing that each TTI may contain n VoIP packets we assume that the total required CIR to send a transport block with n VoIP packets is
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However there are some retransmissions also so the total number of packets per transport block can be written as

[image: image5.wmf](

)

(

)

erage

TTI

voip

active

erage

tot

R

R

T

T

C

M

R

R

n

n

cov

cov

×

+

×

=

×

+

=

b

b


where R is the average number of transmissions needed including retransmissions due to bad CQI estimation. Rcoverage models the users with a so bad CIR that all n packets cannot be transmitted. Therefore in that case only a fraction of the n packets are transmitted or equivalently the n packets are transmitted Rcoverage times. It is also assumed that only a fraction β of the users have bad coverage. 
These “traffic model” equations are then used with the downlink pole equations to solve for the VoIP capacity M. After a lengthy derivation equation the following expression is obtained:
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where Pdpch is the power of the A/F-DPCH per user, Pcommon is the power of the common channels such as CPICH and BCCH etc, Phsscch is the HS-SCCH power, Pmax is the maximum carrier power per cell, and φworst the 98 percentile of the combined fast and slow fading (3GPP Typical Urban channel is used here). 
2.2
Results

To estimate the possible DL VoIP capacity gain a theoretical calculation was performed. The theoretical calculation used the following assumptions:
· Average CIR needed to send a packet: γm = 0.06  (from ‎[1], typical value for an AMR12.2 packet with ROHC)
· Code multiplex (C) = up to 8
· Power of synchronization channel = 0.2W

· Total common channel powers (CPICH, BCH, etc) = 3.8W

· Power of HS-SCCH = Constant power of 0W, 0.2W, 0.4W, 0.6W, 0.8W and 1.0W per channel
· Max base station power = 20W
· Power of F-DPCH (Pdpch) = 0.046 W/user (calculated value) assuming  (for comparison with system simulations, see also ‎[4])
· Interference from other cells = 0.80
· Orthogonality = 0.66

· Channel model: 3GPP Typical Urban 3 km/h giving  φworst = 4.5  
· AMR 12.2 kbps encapsulated in RTP/UDP/IP with ROHC enabled

· Voice activity (ρ)= 50%
· Round-robin scheduler with delay threshold 
· Delay threshold = 100ms (i.e. Dmax =100/20 = 5 since in the calculations, the delay is given as the number of VoIP packets the threshold corresponds to)
· Number of transmissions in average (R) = 1.4

· Fraction of UEs in bad coverage = 10%

· Number of transmissions due to bad coverage (Rcoverage): Solved for every load by 
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, typically in the region of 3 for the fraction of users with bad coverage. 
· The result of the calculations is presented in Figure 1.
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Figure 1: DL VoIP capacity gain with HS-SCCH enhancements
3
Discussion and Conclusions

By analytical calculations, the potential VoIP capacity gain of reducing the power consumption of the HS-SCCH has been shown. From the results it can be concluded that:

· Code multiplexing does not come for free. The need of transmitting a HS-SCCH creates an overhead. In the system simulations in ‎[1], a typical value for the average HS-SCCH power consumption is 0.8 W. In this calculation this gives a capacity of ~67 users per cell using code multiplexing 4. However, when consuming about 0.8 W per HS-SCCH further code multiplexing does not increase the cell capacity significantly due to the overhead the additional HS-SCCH channels create.

· Totally removing HS-SCCH increase capacity but when still only allowing code multiplexing of 4, this increase is not that significant (~8-9 users).

· If the power of the HS-SCCH is reduced to half by for instance reducing the number of bits to transmit the increase is a bit less (~4-5 users).

The real gain with reducing HS-SCCH power consumption for VoIP capacity is if it can be combined with higher code multiplexing than 4. However, when increasing code multiplexing beyond 4, the NodeB needs to group UEs since they only can listen to 4 HS-SCCHs. This extra complexity may reduce the potential gain.
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