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1
Introduction
Release 7 introduced the DTX feature which allows discontinuous transmission on the uplink [1]. Accordingly, the UE transmits pilot channel only at multiples of UE_DTX_Cycle’s. UE_DTX_Cycle_1 and UE_DTX_Cycle_2 must be chosen based on the traffic flows’ arrival patterns in order to optimize the pilot overhead reduction and packet delay. Choosing a large UE_DTX_Cycle_1 value will provide battery savings and higher system capacity due to reduced interference of the overhead channels. However this might cause additional delay which may not be acceptable for delay-sensitive traffic such as VoIP. We propose that a new DTX_Cancellation_Timer is defined which forces UE to transmit a packet as soon as possible without waiting for the next DTX cycle time if the packet’s waiting time (delay) at the UE the buffer exceeds this timer. This provides using a larger UE_DTX_Cycle time but still keeping the delay under control.
2 Analysis and Simulation
We will show how the proposed scheme works in the case of VoIP traffic and compare the system performance with and without the timer. 
For VoIP, feasible DTX parameters for TTI=2ms are: UE_DTX_Cycle_1 = 4 or 8 subframes, and UE_DTX_Cycle_2 = 8 subframes. Also the MAC DTX cycle is set to be equal to the UE_DTX_Cycle. We compare the two values, 4 and 8 subframes, for DTX_Cycle_1 and show that the larger value provides capacity gains while the DTX timer proposed here keeps the delay under a configurable threshold.
The main simulation assumptions are given in Table 2 in the Appendix. We assume the maximum number of HARQ attempts to be 4 or 5. Furthermore the DTX_Cancellation_Timer = 15 subframes when the UE_DTX_Cycle_1 = 8 subframes. This value was chosen to guarantee a maximum delay of 80ms for 4tx attempts and 100ms for 5tx attempts on the uplink. The timer is necessary for the 8 subframes case since the maximum delay could be quite large otherwise. This is because an arriving VoIP packet will most likely find the next transmission times at the DTX cycles to be occupied by HARQ retransmissions of earlier packets. When the cycle is 4 subframes, this situation happens less often. In order to evaluate the capacity difference at similar maximum delay values, we considered the DTX_Cycle_1 = 4 subframes without any timers (as implemented in Release 7) and 8 subframes with the above value of the timer.
The Noise Rise levels for each case are shown in Figure 1 below. From this graph, the system capacity obtained according to the 7dB 1% outage criteria are as follows:
	
	UE_DTX_Cycle_1 = 4 subframes,      4tx max attempts
	UE_DTX_Cycle_1 = 8 subframes,      4tx max attempts
	UE_DTX_Cycle_1 = 4 subframes,       5tx max attempts
	UE_DTX_Cycle_1 = 8 subframes,       5tx max attempts

	Cell Capacity at 7dB 1% Noise Rise
	117
	126
	130
	137


Table 1 System Capacity according to the Noise Rise outage
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Figure 1 Noise Rise for different DTX configurations
The corresponding packet delays at the system capacity are shown in Figure 2 below:
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Figure 2 Packet Delay for different DTX configurations
It is seen that a capacity increase of 8% is achieved in the case of 4tx maximum attempts at the expense of 10ms additional packet delay at the 98% level. For the 5tx attempt case, the 98% packet delays are equivalent for the DTX cycles of 4 and 8 subframes yet a capacity increase of 5% is obtained.  
The gains are expected to be higher if Interference Cancellation (IC) is employed at the Node B. With IC, the outer-cell interference (which can not be cancelled) has a larger share of the total uplink interference. Thus, the reduction in the pilot overhead by using a longer DTX cycle along with the proposed timer will provide more gains compared to non-IC implementation.
The DTX_Cancellation_Timer should be signalled by the RRC along with other DTX parameters. Its exact value will be determined by how much uplink radio delay that the network can tolerate which in turn depends on the total delay budget. We note that the MAC Inactivity Threshold should be set to greater than the MAC_DTX_Cycle for this parameter to take effect since otherwise the UE is forced to transmit only at the MAC_DTX_Cycle periods.
3
Conclusion
We propose that a new CPC parameter DTX_Cancellation_Timer is introduced. The parameter is signalled to the UE by the RRC. We have shown that this timer controls the queuing delay of a packet at the UE buffer and provides system capacity gains for VoIP. The UE shall start the transmission of a packet as soon as the E-TFC selection allows when the queuing delay of the packet exceeds this timer.
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Appendix
(Simulation Assumptions)
	Parameter
	Units
	Value
	Comment

	Total # Node-Bs
	
	19
	With wraparound

	Cells per Node-B
	
	3
	Simulating a total of 57 cells

	Users per cell
	
	100
	Dropped uniformly

	Carrier Frequency
	MHz
	2000
	

	Inter-site Distance (ISD)
	m
	1000
	

	BS Antenna Gain & Cable Loss
	dBi
	14.0
	

	Sector Antenna Gain
	dB
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 is angle w.r.t. antenna bore sight. 
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 is 3dB antenna beam width.

	BS Front-Back Ratio (
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	dB
	20.0
	

	Sector Antenna 3dB Beamwidth
	degs
	70.0
	

	Path Loss Model
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	UMTS 30.03, Section B.1.4.1.3

	Penetration Loss
	dB
	10dB
	

	UE Max Output Power
	dBm
	24
	

	BS Noise Figure
	dB
	9.0
	

	Shadowing Lognormal Standard Dev.
	dB
	8.0
	

	Shadowing Inter-site Correl. Coeff.
	
	0.5
	

	Shadowing Intra-site Correl. Coeff.
	
	1.0
	

	Power Control
	
	Enabled
	2 slot delay, 4% Error

	Channel Type
	
	PA3, PB3,VA30, VA120

[30 30 20 20]
	3GPP Mix

	Receiver
	
	Rake Receiver
	2 Rx antenna

	Node-B  Channel Estimator
	
	Realistic
	

	Traffic Model
	
	AMR 12.2
	Exponential ON (talking)-OFF (silent) with 2s mean times.

	Transport Block Size
	Bits
	120 (SID)

307 (Full Frame)
	

	VoIP activity
	
	50%
	One full frame every 20ms when talking, one SID frame every 160ms  when silent

	TTI Duration
	[ms]
	2
	

	Simulation Duration
	s
	120
	With 30s warm-up

	βed
	
	34/15 (SID)

47/15 (FULL)
	

	βec
	
	1
	

	βhs
	
	1 (SHO)

12/15 (non-SHO
	Transmitted every 8 TTIs

	βc
	
	1
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