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1
Introduction

In this paper, we present the simulation results of on-time percentage of both UL and DL when CPC is applied to time dilation UMTS (N=2), as compared to the UMTS system (N=1). The on-time percentage reflects the effectiveness of CPC in the respective systems.
2
Simulation Assumptions
The basic simulation parameters are summarized in Table 1. For each test traffic (Ping, Web browsing and YouTube), we performed simulation over all combinations of time-dilation factor (N = 1 and 2), number of Rx antennas and geometry.
Table 1 Simulation parameters
	Category
	Parameter
	Description/Value

	CPC
	CPC_DTX_CYCLE_1
	8 TTIs

	
	CPC_DTX_CYCLE_2
	32 TTIs

	
	CPC_DRX_CYCLE
	16 TTIs

	
	INACT_TIMER_DTX_CYCLE_2
	16 TTIs

	
	INACT_DRX_TIMER
	16 TTIs

	
	CQI_DTX_TIMER
	16 TTIs

	
	CQI_FEEDBACK_CYCLE
	8 TTIs

	
	LONG_PREAMBLE
	4 slots

	UE
	No. of UE
	1

	
	UE Tx power
	0dBm

	
	UE Rx Antenna
	single/dual

	TCP
	Maximum TCP Connections for web browsing
	3

	
	DELAYED_ACK_TIMER
(time UE withhelds a TCP Ack due to the TCP delayed-Ack mechanism)
	50ms

	
	Ack size
	320bits

	
	Round-Trip Delay
(time from TCP request/Ack sent from NB to server till TCP data arrives NB from server)
	80ms

	UMTS
	DL BLER
	10%

	
	UL BLER
	10%

	
	Maximum No. of Retx on DL
	1

	
	Maximum No. of Retx on UL
	1

	
	DL HARQ Retx Delay
	10ms (N=1) / 20ms (N=2)

	
	UL HARQ Retx Delay
	16ms (N=1) / 32ms (N=2)

	
	TTI Length
	2ms (Legacy, N=1)

4ms (time dilated UMTS, N=2)

	
	Geometry
	0, 3, 10dB

	Traffic
	Ping
	320bits on UL/320bits on DL every 5 seconds

	
	Web Browsing
	· www.cnn.com
· www.amazon.com

	
	YouTube
	http://www.youtube.com/watch?v=Xl65O425FK0


During the simulation the UE remains in CELL_DCH so that CPC is consistently on. We collect data for 20000 TTIs (60000 slots) regardless of the time dilation factor. Define the following parameters:

· #TTI_DPCCH_on: number of TTIs during which DPCCH is transmitted on UL.

· #slot_DPCCH_preamble: number of slots during which DPCCH preamble is transmitted on UL.

· #slot_DPCCH_postamble: number of slots during which DPCCH postamble is transmitted on UL.

· #TTI_HS_SCCH: number of TTIs during which UE needs to monitor HS-SCCH/HS-PDSCH.

The on-percentage for UL/DL is computed as follows:

· UL_on_percentage = (#TTI_DPCCH_on + #slot_DPCCH_preamble/3+#slot_DPCCH_postamble/3)/20000.

· DL_on_percentage = #TTI_HS_SCCH_on/20000.

The on-time percentage increase is computed as:

· UL/DL_on_percentage of time dilated UMTS – UL/DL_on_percentage of legacy UMTS.

3
Simulation Results
In this section, we show the simulated on-time percentage and on-time increase in both DL and UL when we transition from legacy UMTS (N=1) to time dilated UMTS (N=2).

	Traffic
	DL on-time percentage
	UL on-time percentage

	Ping
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	YouTube
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Table 3 Simulation results – percentage increase of on-time in DL and UL
	Traffic
	DL on-time percentage increase
	UL on-time percentage increase

	Ping
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4
Conclusions

We have presented the simulation assumptions and the simulation results of the CPC on-time percentage on both DL and UL when we transition from legacy UMTS (N=1) to time dilated UMTS (N=2). This increase in on-time percentage reflects the impact to CPC effectiveness in time dilation UMTS. 
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Appendix
A sample trace for time dilated UMTS (N=2)
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In the appendix we provide a sample trace of CPC state transition driven by the Ping traffic as described in the paper in a time dilated UMTS (N=2) system. The simulation begins with TTI index of 0 and we have zoomed into the portion from TTI 2460 to TTI 2660.

Initially, there is no data transfer in either direction. CPC DRX is on and CPC DTX cycle 1 is being used. UE wakes up and monitors HS-SCCH every CPC_DTX_CYCLE_2 = 32 TTIs. UE wakes up and sends on DPCCH, along with CQI, every CPC_DRX_CYCLE = 16 TTIs. 
On the UL, a Ping request of 320 bits is sent on E-DCH at TTI 2531 (marked by “A”). E-HICH also becomes active for that TTI. Upon E-DCH activity, UE switched to CPC_DTX_CYCLE_1 = 8 TTIs, as can be seen from the change of DPCCH and CQI pattern. Since the round trip delay is set to 80ms, the DL data reaches the NodeB at TTI 2551, which is in the middle of a DRX cycle. After INACT_TIMER_DTX_CYCLE_2 = 16 TTIs, UE switches back to DTX cycle 2.
When UE wakes up and monitors the HS-SCCH again at TTI 2560 (marked by “B”), UE receives the data on HS-PDSCH and for the next INACT_DRX_TIMER = 16 TTIs, UE stays awake on the DL as can be seen from HS-SCCH and CPC DRX state. During this time, CQI also takes priority and is transmitted every CQI_FEEDBACK_CYCLE = 8 TTIs.
UE does not send a TCP Ack immediately due to the delayed Ack mechanism. However, after 13 TTIs (52ms), the DELAYED_ACK_TIMER = 50ms has expired. UE sends TCP Ack of 320bits on E-DCH at TTI 2573 (marked by “C”). After INACT_TIMER_DTX_CYCLE_2 = 16 TTIs, UE resumes CPC DTX cycle 2 and DRX.
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