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1
Introduction

Enhanced uplink is expected to provide significant gains over the Rel-99. Some possible ways to achieve that is by introducing HARQ, higher data rates and shorter TTI length. Fast scheduling enables to take advantage of the temporal variations of the channel. This can help reducing interference to other cells, and therefore better utilize uplink available resources, resulting in higher throughput and lower delays.

In this document, we present the E-DCH system performance with HARQ, Node-B scheduler [1][2], and TTI lengths of 2ms and 10ms. The system performances are compared for different schedulers, including channel sensitive schedulers, in terms of cell throughput and delays. 
2
System Setup

The system configuration is shown in Table 1.

Table 1 

	Parameter
	Configuration

	Layout
	19 Node-B, 3-cell wrap-around layout

	Channel model
	Mixed (PA3 30%, VA30 50% and VA120 20%), for 2 ms TTI

Mixed (PA3 30%, PB3 30%, VA30 20% and VA120 20%), for 10 ms TTI

	Traffic model
	Mixed (4 FTP, 4 Video, 4 Gaming)

	#UE per cell
	12

	Duration
	200 s + 10 s warm-up

	HARQ
	2 ms TTI

10 ms TTI

Max # of transmissions

4

2

# of HARQ processes

5

3

Retransmission delay

10 ms

30 ms

Ack/Nack errors

0%

0%



	Scheduling algorithm
	1. Proportional Fair [1] [2], 
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Channel Sensitive with Max Threshold:

where Priorityi is the priority value for the i-th user, 
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      is the user’s maximum pilot power, and 
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      is the user’s pilot power at the moment of scheduling

3. Channel Sensitive with Average Threshold:
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       where Priorityi is the priority value for the i-th user,

       is the user’s pilot power averaged over 120 slots, and 
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       is the user’s pilot power at the moment of scheduling

The channel sensitive schedulers are genie aided

	Scheduling process
	As described in [2]. Decentralized Node-B scheduler with 

1 serving cell per UE = best DL (same as HSDPA serving cell). All cells in UE’s active set send ACK/NAK

	Scheduling delays
	2 ms TTI

10 ms TTI

Period

2 ms

10 ms

Uplink SI delay

10 slots

35 slots

DL Grant delay

1 slot

1 slot



	Power control
	Outer loop driven by 1% BLER on DPDCH

Inner loop error rate = 4%

	DCH
	TFCS = 8 kbps (100% duty cycle)

Minimum set: 8 kbps

	E-DCH
	TFCS = TFS = MCS as shown in Table 2

Minimum set is empty

E-TFC selection:

Similar to R99 TFC selection. UE MAC decides upon the E-DCH TFC in SUPPORTED_STATE and EXCESS_POWER_STATE every radio frame. The parameters {x, y, z} are set to {15, 30, 30} as in Rel‑99.

	E-DPCCH
	/c = 17/15, for 2ms TTI

/c = 7/15, for 10ms TTI

Error rate 0%

	SHO
	When in SHO, E-TFS is restricted to instantaneous rate of:

512kbps for 2ms TTI,

256 kbps for 10 ms TTI

	Decoding
	Short term link level curves:

[3] – Scenario 1, for 2m TTI

[4], for 10 ms TTI


The MCS for E-DCH is shown in Table 2 and 3, for 2 ms TTI and 10 ms TTI, respectively.

Table 2: E-DCH MCS for 2ms TTI 

	Transport Block Size
	Mod
	OVSF Codes
	Code Rate
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	Rate (kbps) after n Tx

	
	
	
	
	
	
	1 Tx
	2 Tx
	4 Tx

	128
	QPSK
	C(4,1)
	0.333
	1
	12/15
	64
	32
	16

	256
	QPSK
	C(4,1)
	0.333
	1
	17/15
	128
	64
	32

	512
	QPSK
	C(4,1)
	0.333
	1
	21/15
	256
	128
	64

	768
	QPSK
	C(4,1)
	0.333
	1
	27/15
	384
	192
	96

	1024
	QPSK
	C(4,1)
	0.333
	1
	38/15
	512
	256
	128

	2048
	QPSK
	C(4,1)
	0.533
	1
	47/15
	1024
	512
	256

	3072
	QPSK
	C(2,1)
	0.400
	1
	53/15
	1536
	768
	384

	4096
	QPSK
	C(2,1)
	0.533
	1
	67/15
	2048
	1024
	512

	5120
	QPSK
	C(2,1), C(4,1)
	0.444
	1
	61/15, 43/15
	2560
	1280
	640

	6144
	QPSK
	C(2,1), C(4,1)
	0.533
	1
	69/15, 49/15
	3072
	1536
	768

	7168
	QPSK
	C(2,1), C(4,1)
	0.622
	1
	77/15, 54/15
	3584
	1792
	896

	8192
	QPSK
	C(2,1), C(4,1)
	0.711
	1
	86/15, 61/15
	4096
	2048
	1024


Table 3: E-DCH MCS for 10 ms TTI

	Transport Block Size
	Mod
	OVSF Codes
	Code Rate
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	Rate (kbps) after n Tx

	
	
	
	
	
	
	1 Tx
	2 Tx

	320
	QPSK
	C(4,1)
	0.333
	1
	11/15
	32
	16

	640
	QPSK
	C(4,1)
	0.333
	1
	15/15
	64
	32

	1280
	QPSK
	C(4,1)
	0.333
	1
	21/15
	128
	64

	1920
	QPSK
	C(4,1)
	0.333
	1
	27/15
	192
	96

	2560
	QPSK
	C(4,1)
	0.333
	1
	30/15
	256
	128

	5120
	QPSK
	C(4,1)
	0.533
	1
	42/15
	512
	256

	7680
	QPSK
	C(4,1)
	0.400
	1
	53/15
	768
	384

	10240
	QPSK
	C(4,1)
	0.533
	1
	60/15
	1024
	512

	12800
	QPSK
	C(2,1)
	0.333
	1
	67/15
	1280
	640

	15360
	QPSK
	C(2,1)
	0.400
	1
	75/15
	1536
	768

	17920
	QPSK
	C(2,1)
	0.470
	1
	84/15
	1792
	896

	20480
	QPSK
	C(2,1)
	0.533
	1
	95/15
	2048
	1024


3
Performance

The following figures present the system performance of E-DCH with different scheduling algorithms and TTI lengths. The comparison of the performances, in terms of throughput, delays, RoT overshoot (defined as Probability {RoT > 7dB}, and fairness are shown.

3.1


Results for 2 ms TTI

Figure 1 shows the system throughput as a function of the average RoT. The channel sensitive scheduling yields only a slight gain over the proportional fair scheduling.

The RoT overshoot is given in Figure 2. It can be seen that the RoT overshoot is similar for all scheduling schemes, with the channel sensitive with average threshold being a little better.

The cumulative density function (CDF) of user throughputs normalized by the average throughput per user is used to represent the fairness. The fairness curve, given in Figure 3, shows that the fairness is similar for all schedulers. The channel sensitive with max threshold is a little less fair than the proportional fair, and the channel sensitive with average threshold a little more fair than the proportional fair.

Figures 4, 5, 6, and 7 present the average packet call delays and the average packet delays. Packet call delay is the time between two consecutive reading periods. For Gaming users, packet call delay represents the time of a gaming session that includes the time during which the packets are generated (active period), and the time needed for transmission of the data packets accumulated during the active period. For FTP users, packet call delay is the time needed for an FTP file upload. Packet delay is the time needed for a packet to be received at a Node-B. It can be seen that the channel sensitive scheduling can significantly decrease the delays of the FTP users, and in the regions of lower RoT the delays of the Gaming users, as well. Due to their traffic characteristics (small packets consistently arriving), Video users experience the higher delays with the less fair schedulers. Therefore, the lowest delays for Video users are seen with the channel sensitive with average threshold.

Figures 8, 9, 10 and 11 show the CDF of the packet call delays and packet delays.

[image: image5.wmf]400

600

800

1000

1200

1400

1600

3.5

3.7

3.9

4.1

4.3

4.5

4.7

4.9

5.1

5.3

5.5

5.7

5.9

6.1

6.3

6.5

Average RoT [dB]

Cell Throughput [kbps]

EUL PF

EUL Channel Sensitive

EUL Channel Sensitive (Avg Thres)


Figure 1: Average cell throughput as a function of the average RoT 
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Figure 2: Percentage of time the RoT is greater than 7 dB
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Figure 3: Fairness curves
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Figure 4: Average packet call delay for FTP users
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Figure 5: Average packet call delay for Gaming users
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Figure 6: Average packet delay for FTP users
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Figure 7: Average packet delay for Video users
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Figure 8: CDF of the packet call delays for FTP users
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Figure 9: CDF of the packet call delays for Gaming users
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Figure 10: CDF of the packet delays for FTP users
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Figure 11: CDF of the packet delays for Video users

3.2


Results for 10 ms TTI

Figure 12 shows the system throughput as a function of the average RoT. The channel sensitive scheduling yields only a slight gain over the proportional fair scheduling.

The RoT overshoot is given in Figure 13. It can be seen that the RoT overshoot is similar for all scheduling schemes, with the channel sensitive with average threshold being a little better.

The cumulative density function (CDF) of user throughputs normalized by the average throughput per user is used to represent the fairness. The fairness curve, given in Figure 14, shows that the fairness is similar for all schedulers. The channel sensitive with max threshold is a little less fair than the proportional fair, and the channel sensitive with average threshold a little more fair than the proportional fair.

Figures 15, 16, 17, and 18 present the average packet call delays and the average packet delays. Packet call delay is the time between two consecutive reading periods. For Gaming users, packet call delay represents the time of a gaming session that includes the time during which the packets are generated (active period), and the time needed for transmission of the data packets accumulated during the active period. For FTP users, packet call delay is the time needed for an FTP file upload. Packet delay is the time needed for a packet to be received at a Node-B. It can be seen that the channel sensitive scheduling significantly decrease the delays of the FTP users. Some the delay decrease of the Gaming users, is observed as well. Due to their traffic characteristics (small packets consistently arriving), Video users experience the higher delays with the less fair schedulers. Therefore, the lowest delays for Video users are seen with the channel sensitive with average threshold.

Figures 19, 20, 21 and 22 show the CDF of the packet call delays and packet delays.
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Figure 12: Average cell throughput as a function of the average RoT 
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Figure 13: Percentage of time the RoT is greater than 7 dB
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Figure 14: Fairness curves
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Figure 15: Average packet call delay for FTP users
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Figure 16: Average packet call delay for Gaming users
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Figure 17: Average packet delay for FTP users
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Figure 18: Average packet delay for Video users
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Figure 19: CDF of the packet call delays for FTP users
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Figure 20: CDF of the packet call delays for Gaming users
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Figure 21: CDF of the packet delays for FTP users
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Figure 22: CDF of the packet delays for Video users

4
Conclusions

In this document, we compared the system performance of E-DCH with different scheduling schemes. It is seen that by using the channel sensitive scheduler, the E-DCH delay characteristics can be improved over the proportional fair scheduling. The conclusion holds for both, 2ms TTI and 10 ms TTI. 
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