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1
Introduction

The introduction of enhanced uplink is expected to provide significant gains over the Rel-99. Some possible ways to achieve this is by introducing HARQ, higher data rates and shorter TTI length. In this document, we present the E-DCH system performance with 2ms TTI, HARQ and a Node-B scheduler [1][2]. The system performance of the Rel-99 is also presented and compared with E-DCH. 
2
System set-up

The system configuration has been set as shown in Table 1. 
Table 1

	Parameter
	Configuration

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

	Channel model
	Mixed (PA3 30%, PB3 30%, VA30 20% and VA120 20%) and individual

	Traffic model
	Full buffer

	#UE per cell
	10

	Duration
	200 s + 10 s warm-up

	HARQ
	Max # of transmissions = 4

# of HARQ processes = 5

Re-transmission delay = 10 ms

Ack/Nack errors = 0%

	Scheduling algorithm
	Proportional fair and Downlink SINR

	Scheduling process
	R99:

RNC scheduler/controller

E-DCH:

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
	DCH

E-DCH

Period

200 ms

2 ms

Uplink SI delay

Uniform 60-100 ms

10 slots

DL Grant delay

Uniform 60-100 ms

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.
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E-DPCCH errors: 0%

	SHO
	When in SHO E-TFS is restricted up  to instantaneous 512kbps 

	Decoding
	Short term link level curves: [3], [4] with scenario-I


The MCS for E-DCH is shown in Table 2
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


3
Performance

The following figures compare the system performance of Rel-99 and E-DCH. The key differences are summarized in table 3. 
Table 3
	Parameter
	R99
	E-DCH

	TTI
	10 ms
	2 ms

	TFCS
	Nomial TFCS: {8, 16, 32, 64, 128, 256, 384} kbps
	Enhanced TFCS: {8, 16, 32, 64, 128, 256, 384, 768, 1152, 1536, 1920} kbps
	{16, 32, 64, 96,128, 256, 384, 512, 640, 768, 896, 1024} kbps after 4 transmissions.

	HARQ
	-
	5 processes
Up to 4 transmissions

	Scheduler
	RNC (centralized)
	Node-B (decentralized)


The following figures present the system performance in terms of average cell throughput, fairness and RoT overshoot, defined as Probability {RoT > 7dB}.

Figure 1 and Figure 2 compare the cell throughput with E-DCH (2ms TTI, PF scheduler), Rel-99 (nominal TFCS, PF scheduler) and Rel-99 (nominal TFCS, DL Sinr scheduler) with the assumptions shown above. It is seen that compared to Rel-99 with nominal TFCS with PF scheduler, the system performance with E-DCH improves a lot at 4.5 dB RoT. Higher throughput gain can be observed with higher speed due to the increased time diversity achieved with retransmissions.  On the other hand Rel-99 with DL Sinr scheduler can yield relatively high throughput at the cost of extremely bad fairness, shown in Figure 3.
The RoT overshoot is given in Figure 4. It can be seen that the RoT overshoot is smaller with DL Sinr scheduler with nominal Rel-99 and with EUL with SHO restriction.  With DL Sinr, only the best users (in terms of forward link path loss) are scheduled; with EUL the SHO users can only transmit using the instantaneous rate up to 512kbps, therefore, the interference is decreased in both cases.  Figure 5 to Figure 12 present the results with each individual channel models for completeness.
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Figure 1: Average cell throughput as a function of average RoT – mixed channel 
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Figure 2: Throughput gain between EUL and Nominal Rel-99 – mixed channel
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Figure 3: Fairness curves - mixed channel
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Figure 4: Percentage of time the RoT is greater than 7 dB – mixed channel
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Figure 5: Average cell throughput as a function of average RoT – PA3
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Figure 6: Throughput gain between EUL and Nominal Rel-99 – PA3
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Figure 7: Average cell throughput as a function of average RoT - PB3
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Figure 8: Throughput gain between EUL and Nominal Rel-99 – PB3
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Figure 9: Average cell throughput as a function of average RoT -- VA30
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Figure 10: Throughput gain between EUL and Nominal Rel-99 – VA30
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Figure 11: Average cell throughput as a function of average RoT - VA120
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Figure 12: Throughput gain between EUL and Nominal Rel-99 – VA120
Recall that the Rel-99 throughput could be increased with higher capability UE class. To illustrate this point the system level results are provided in Figure 13 and Figure 14 with TF {768, 1152, 1536, 1920} kbps included. These enhanced TFs can be achieved by using up to 5 DPDCHs simultaneously. At 4.5dB average RoT, the gain associated with introducing enhanced TFs with Rel-99 is about 6.7%; while the fairness curve gets a bit worse than that of Rel-99 with nominal TFCS, which is given in Figure 15. The RoT overshoot is clearly much larger with enhanced TFCS, shown in Figure 16. 
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Figure 13: Average cell throughput as a function of average RoT
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Figure 14: Throughput gain between EUL and Rel-99 - PF
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Figure 15: Fairness curves with EUL and Rel-99
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Figure 16: Percentage of time the RoT is greater than 7 dB 

4
Conclusions

In this document, we compared the system performance of E-DCH with 2ms TTI with Rel-99. It is seen that by allowing L1 retransmissions along with shorterning the TTI to 2ms, the E-DCH cell throughput is greatly improved. On the other hand the Rel-99 throughput can be made a bit higher with introduction of new TFCS at the cost of higher RoT overshoot.
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