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1
Introduction
In RAN 37, a SI [1] was recently opened to study the gains associated with synchronized E-DCH wherein the dominant paths of all the users are aligned at the NodeB receiver.
In this contribution, we perform a detailed link simulation of synchronized E-DCH assuming that the dominant paths of all the users are perfectly aligned at the NodeB receiver. This in turn establishes an upper bound of expected gains of Synchronized E-DCH.
Performance is evaluated for both 2ms TTI and 10ms TTI UEs in AWGN, PA3, PB3, VA30 and VA120 channels. Furthermore, evaluation is performed for both QPSK and 16-QAM modulation schemes.
2
Simulation Assumptions

Table 1 lists the different cases that were simulated in this study. 

· In all cases, there were additional interfering users being transmitted in addition to the desired user. 

· All the other users were transmitting the same transport block sizes as the desired user.
· Decoding was not performed on the other users.

· For the purpose of uplink power control, all the users shared the same target SIR threshold as the desired user.

· The Ecp/Nt results obtained in this simulation correspond to the combined received Ecp/Nt across the 2 antennas.

· For each of the cases, the baseline reference corresponds to each UE using a different scrambling code and the same channelization code (as per current 3GPP specifications).
· Furthermore, for Case 3, even though the S-EDCH scheme utilizes 16-QAM modulation and SF = 16, the baseline reference utilizes QPSK and SF = 4.
Table 1: Synchronized E-DCH Link Simulation Assumptions

	
	Case 1
	Case 2
	Case 3

	TBS [bits]
	600
	1500
	1500

	TTI [ms]
	2
	10
	2

	SF
	16
	32
	16

	Modulation
	QPSK
	QPSK
	16-QAM

	Code Rate
	0.625
	0.625
	0.78125

	Target H-ARQ Transmissions
	4
	2
	4

	Target Data Rate Per User [kbps]
	75
	75
	187.5

	Maximum Number of Users
	13
	23
	13

	Simultaneous Users Simulated
	13
	16
	13

	Inner Loop PC
	ON
	ON
	ON

	Receiver
	Rake
	Rake
	Rake

	Channel Estimation
	Realistic
	Realistic
	Realistic

	Timing Alignment of Dominant Paths at Node-B
	Perfect
	Perfect
	Perfect


3
Code Allocation for Synchronized E-DCH

All the users are assigned the same scrambling code and difference channelization codes to maintain orthogonality. The reset points in the scrambling codes are chosen so that the dominant paths of the channels of all the users are aligned at the Node-B receiver. 

Each UE requires code allocation for the DPCCH, E-DPCCH, HS-DPCCH and E-DPDCH channels. Codes are denoted by the spreading factor and code-index in the code tree. We used the following scheme to assign codes:
· E-DPDCH channel codes for user 
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 is the total number of E-DPDCH channels and l ranges from 1 to L.
· DPCCH channel code for user
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· E-DPCCH channel code for user
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· HS-DPCCH channel code for user
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The maximum number for users that can be supported for a given spreading factor is given by
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For eg., the maximum number of UE’s with TBS= 1500 bits, 10ms TTI, SF 32, L=2 is 23. 
4
Summary of Synchronized E-DCH Performance

Table 2 summarizes the performance gain in terms of Eb/Nt of Synchronized E-DCH over an existing base-line Release 7 system, using a Rake Receiver, based on the simulation assumptions listed in Table 1. The corresponding link level plots may be found in Annex 1.
Table 2: Summary of Synchronized E-DCH Performance

	
	Case 1
	Case 2
	Case 3

	
	Eb/Nt Gain [dB]
S-EDCH over Baseline
	Eb/Nt Gain [dB]
S-EDCH over Baseline
	Eb/Nt Gain [dB]
S-EDCH over Baseline

	AWGN
	1.76
	1.99
	3.43

	PA3
	0.68
	0.49
	0.53

	PB3
	0.15
	-0.02
	-1.16

	VA30
	0.30
	-0.14
	-0.63

	VA120
	0.14
	-0.18
	-0.48


5
Observations and Conclusion

A detailed link analysis was performed to compare Synchronized E-DCH with existing 3GPP Release 7 uplink. The dominant paths of all the uplink UEs were assumed to have been aligned. 3 cases were evaluated:
· Case 1: TBS = 600 bits, 2ms TTI, Target 4 H-ARQ Tx, 13 simultaneous users, QPSK, SF = 16
· Case 2: TBS = 1500 bits, 10ms TTI, Target 4 H-ARQ Tx, 16 simultaneous users, QPSK, SF = 32

· Case 3: TBS = 1500 bits, 2ms TTI, Target 4 H-ARQ Tx, 13 simultaneous users, 16-QAM, SF = 16

We observe the following:
· For Case 1, there is a gain due to synchronized E-DCH in required Eb/Nt across all channel types. The gain is pre-dominant for AWGN (1.76 dB)  and PA3 (0.68 dB) and reduces significantly for the dispersive channels (PB3, VA30, VA120)

· For Case 2, there is a gain due to synchronized E-DCH in required Eb/Nt only for AWGN and PA3 while there is a slight loss for the dispersive channels (PB3, VA30, VA120). The gain for AWGN is 1.99 dB and the gain for PA3 is 0.68 dB. 

· For Case 3, there is a gain due to synchronized E-DCH in required Eb/Nt only for AWGN and PA3 while there is a slight loss for the dispersive channels (PB3, VA30, VA120). The gain for AWGN is 3.43 dB and the gain for PA3 is 0.53 dB.

We conclude the following:

· The Synchronized E-DCH gains are significant for single path channels such as AWGN and PA3.

· Gains diminish or even lead to a loss for the dispersive channels (PB3, VA30, VA120).

· The gains will further diminish when realistic timing alignment procedures be exercised (perfect timing alignment is assumed on the simulations presented in this document).

· As was the case with USTS [2], there will be further loss in gains due to macro-diversity.

· Future Synchronized E-DCH link and system studies should be performed for even lesser number of simultaneous users per TTI and higher data rates per user.
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Annex 1

Link Level Plots
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Figure 1: Link Efficiency Curve, TBS=600 bits, 2ms TTI, 4 Tx, AWGN                 Figure 2: Ecp/Nt v/s T/P, TBS=600 bits, 2ms TTI, 4 Tx, AWGN
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Figure 3: Link Efficiency Curve, TBS=600 bits, 2ms TTI, 4 Tx, PA3                 Figure 4: Ecp/Nt v/s T/P, TBS=600 bits, 2ms TTI, 4 Tx, PA3
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Figure 5: Link Efficiency Curve, TBS=600 bits, 2ms TTI, 4 Tx, PB3                


 Figure 6: Ecp/Nt v/s T/P, TBS=600 bits, 2ms TTI, 4 Tx, PB3
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Figure 7: Link Efficiency Curve, TBS=600 bits, 2ms TTI, 4 Tx, VA30                


Figure 8: Ecp/Nt v/s T/P, TBS=600 bits, 2ms TTI, 4 Tx, VA30
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Figure 9: Link Efficiency Curve, TBS=600 bits, 2ms TTI, 4 Tx, VA120                 
Figure 10: Ecp/Nt v/s T/P, TBS=600 bits, 2ms TTI, 4 Tx, VA120
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Figure 11: Link Efficiency Curve, TBS=1500 bits, 10ms TTI, 4 Tx, AWGN                 Figure 12: Ecp/Nt v/s T/P, TBS=1500 bits, 10ms TTI, 4 Tx, AWGN
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Figure 13: Link Efficiency Curve, TBS=1500 bits, 10ms TTI, 4 Tx, PA3                 Figure 14: Ecp/Nt v/s T/P, TBS=1500 bits, 10ms TTI, 4 Tx, PA3
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Figure 15: Link Efficiency Curve, TBS=1500 bits, 10ms TTI, 4 Tx, PB3               Figure 16: Ecp/Nt v/s T/P, TBS=1500 bits, 10ms TTI, 4 Tx, PB3
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Figure 17: Link Efficiency Curve, TBS=1500 bits, 10ms TTI, 4 Tx, VA30                 Figure 18: Ecp/Nt v/s T/P, TBS=1500 bits, 10ms TTI, 4 Tx, VA30
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Figure 19: Link Efficiency Curve, TBS=1500 bits, 10ms TTI, 4 Tx, VA120               Figure 20: Ecp/Nt v/s T/P, TBS=1500 bits, 10ms TTI, 4 Tx, VA120
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Figure 21: Link Efficiency Curve, TBS=1500 bits, 2ms TTI, 4 Tx, AWGN                 Figure 22: Ecp/Nt v/s T/P, TBS=1500 bits, 2ms TTI, 4 Tx, AWGN
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Figure 23: Link Efficiency Curve, TBS=1500 bits, 2ms TTI, 4 Tx,  PA3               Figure 24: Ecp/Nt v/s T/P, TBS=1500 bits, 2ms TTI, 4 Tx, PA3
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Figure 17: Link Efficiency Curve, TBS=1500 bits, 2ms TTI, 4 Tx, PB3                 Figure 18: Ecp/Nt v/s T/P, TBS=1500 bits, 2ms TTI, 4 Tx, PB3
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Figure 19: Link Efficiency Curve, TBS=1500 bits, 2ms TTI, 4 Tx, VA30               Figure 20: Ecp/Nt v/s T/P, TBS=1500 bits, 2ms TTI, 4 Tx, VA30
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Figure 17: Link Efficiency Curve, TBS=1500 bits, 2ms TTI, 4 Tx, VA120                 Figure 18: Ecp/Nt v/s T/P, TBS=1500 bits, 2ms TTI, 4 Tx, VA120
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