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1. Introduction
One of the objectives of the FDD HSPA evolution study item is to identify solutions for improving spectral efficiency in the existing 5MHz bandwidth. In [1-4], it is suggested that use of Higher Order Modulations (HOMs) is a promising means of improving uplink peak data rate.  This contribution provides further numerically assessment on the impact of 16QAM on the link-level throughput performance, while taking into account practical impairments such as channel estimation error and UE transmitter EVM. It can be viewed as a more comprehensive set of link results, extending upon our previous contribution to the Riga RAN1 meeting in Nov 2006 [7].  
After the Riga meeting, work items for inclusion of 16-QAM in uplink were approved in the recent concluded RAN Plenary (RAN #34, Budapest, Hungary, 28 Nov – Dec 1, 2006)[8].  To support the progress of this WI, we have proposed in a companion contribution to this meeting [9] an approach to indicate both the modulation format (between 16QAM and QPSK) and the TBS size, using the same 6-bit E-TFCI bit in the  E-DPCCH channel. The proposed approach is efficient in that it does add any additional control bit and thus avoids any loss of link efficiency.   However, one of the key parameters in our proposal, the optimal switching point between 16QAM and QPSK, is obtained from the link simulations of this contribution. 
2. Simulation Parameters
The MCS levels used in the simulations are listed in Table 1, and the other simulation assumptions are listed in Table 2.  In our simulations, we have two MCS levels that are based on QPSK modulation and two other MCS levels that are based on 16QAM.  Note that these MCSs are selected for the purpose of illustrating the utility of 16QAM modulation only – in practice a large set of MCSs would be required. Furthermore, we have assumed a 2SF4+2SF2 code allocation for all the MCSs studied here, where the actual channelisation codes used are Cch,4,1 and Cch,2,1. 
	MCS
	TBS Size (bits)
	TTI
	Number of codes
	Code Rate (QPSK/8PSK/16QAM)
	SF
	Data Rate (kbps)

	1
	7000
	2ms
	4
	0.61/0.41/0.30
	4,2
	3500

	2
	8192
	2ms
	4
	0.71/0.47/0.36
	4,2
	4096

	3
	9000
	2ms
	4
	0.78/0.52/0.39
	4,2
	4500

	4
	11000
	2 ms
	4
	0.95/0.64/0.48
	4,2
	5500

	5
	14000
	2ms
	4
	Na/0.81/0.61
	4,2
	7000

	6
	16384
	2 ms
	4
	Na/Na/0.71
	4,2
	8192

	7
	18000
	2 ms
	4
	Na/Na/0.78
	4,2
	9000

	8
	20000
	2 ms
	4
	Na/Na/0.87
	4,2
	10000


Table 1: MCS Table. Code allocation for all MCSs is 2SF2+2SF4.  Note ‘Na’ denotes cases that either are not achievable or are not simulated due to high code rate.

	Simulation Parameter
	Value

	E-DCH TTI
	2 ms 

	Modulation
	BPSK/8PSK/16QAM

	Hybrid ARQ
	Chase

	Max number of Tx
	4

	Channels
	Ped A  (3km/h)
Ped B (3km/h)
Veh A (30 km/h)
TU 12 tap (3km/h)

	Receiver
	Type 3

	Channel estimation
	Pilot (2-4 slot average) 

	Pilot/TFCI/FBI/TPC
	8/0/0/2

	Inner-Loop PC
	On, step size 1dB

	PC delay and error
	1 slot, 4%

	No. of  node-B antennas
	2

	Beta values
	optimized

	EVM
	 17.5% 


Table 2: Simulation Parameters.
3. Simulation Results 
Simulation results are summarized in Table 3-6 below for 4 different propagation channel models. Note that in the tables ‘Not Achievable’ means code rate is greater than 1 in order to achieve this data rate for this particular modulation, whereas ‘Does not converge’ means that due to channel estimation error and EVM, the inner loop power control cannot converge to maintain a 1% target frame error rate.  Also note here Ec/Nt denotes the total averaged received energy vs. noise, defined on Node-B per-antenna basis. 
	Target Data Rate [kbps]
	QPSK              1 Tx

Realistic CE

Ec/Nt [dB]
	8PSK                1 Tx

Realistic CE

Ec/Nt [dB]
	16-QAM               1 Tx

Realistic CE

Ec/Nt [dB]
	16-QAM Link Gain over QPSK

Realistic CE [dB]
	16-QAM Link Gain over  8PSK  Realistic CE 

[dB]

	3500
	-0.49
	0.02
	0.25
	-0.74
	-0.24

	4096
	0.97
	1.23
	0.97
	-0.001
	0.26

	4500
	2.60
	1.83
	1.49
	1.11
	0.34

	5500
	6.60
	3.98
	3.29
	3.31
	0.69

	7000
	Not Achievable
	7.36
	5.71
	n/a
	1.65

	8192
	Not Achievable
	Did not simulate
	7.75
	n/a
	n/a

	9000
	Not Achievable
	Not Achievable
	11.14
	n/a
	n/a

	10000
	Not Achievable
	Not Achievable
	12.16
	n/a
	n/a


Table 3: Summary of link performance for Ped A 3km/h channel.
	Target Data Rate [kbps]
	QPSK              1 Tx

Realistic CE

Ec/Nt [dB]
	8PSK                1 Tx

Realistic CE

Ec/Nt [dB]
	16-QAM               1 Tx

Realistic CE

Ec/Nt [dB]
	16-QAM Link Gain over QPSK

Realistic CE [dB]
	16-QAM Link Gain over  8PSK  Realistic CE 

[dB]

	3500
	0.63
	1.18
	1.45
	-.82
	-0.27

	4096
	2.26
	2.55
	2.26
	-0.002
	0.29

	4500
	4.07
	3.22
	2.80
	1.27
	0.41

	5500
	8.65
	5.62
	4.83
	3.81
	0.79

	7000
	Not Achievable
	9.53
	7.60
	n/a
	1.94

	8192
	Not Achievable
	Did not simulate
	9.98
	n/a
	n/a

	9000
	Not Achievable
	Not Achievable
	Does not converge
	n/a
	n/a

	10000
	Not Achievable
	Not Achievable
	Does not converge
	n/a
	n/a


Table 4: Summary of link performance for Ped B 3km/h channel.
	Target Data Rate [kbps]
	QPSK              1 Tx

Realistic CE

Ec/Nt [dB]
	8PSK                1 Tx

Realistic CE

Ec/Nt [dB]
	16-QAM               1 Tx

Realistic CE

Ec/Nt [dB]
	16-QAM Link Gain over QPSK

Realistic CE [dB]
	16-QAM Link Gain over  8PSK  Realistic CE 

[dB]

	3500
	1.23
	1.80
	2.07
	-0.84
	-0.27

	4096
	2.86
	3.18
	2.86
	-0.001
	0.32

	4500
	4.74
	3.86
	3.49
	1.25
	0.37

	5500
	9.63
	6.37
	5.62
	4.01
	0.75

	7000
	Not Achievable
	Does not converge
	8.46
	n/a
	n/a

	8192
	Not Achievable
	Did not simulate
	Does not converge 
	n/a
	n/a

	9000
	Not Achievable
	Not Achievable
	Does not converge
	n/a
	n/a

	10000
	Not Achievable
	Not Achievable
	Does not converge
	n/a
	n/a


Table 5: Summary of link performance for Veh A 30km/h channel.
	Target Data Rate [kbps]
	QPSK              1 Tx

Realistic CE

Ec/Nt [dB]
	8PSK                1 Tx

Realistic CE

Ec/Nt [dB]
	16-QAM               1 Tx

Realistic CE

Ec/Nt [dB]
	16-QAM Link Gain over QPSK

Realistic CE [dB]
	16-QAM Link Gain over  8PSK  Realistic CE 

[dB]

	3500
	0.81
	1.38
	1.66
	-0.84
	-0.28

	4096
	2.46
	2.77
	2.46
	-0.002
	0.31

	4500
	4.36
	3.47
	3.08
	1.28
	0.38

	5500
	9.15
	5.93
	5.18
	3.98
	0.76

	7000
	Not Achievable
	Does not converge
	8.02
	n/a
	n/a

	8192
	Not Achievable
	Did not simulate
	Does not converge 
	n/a
	n/a

	9000
	Not Achievable
	Not Achievable
	Does not converge
	n/a
	n/a

	10000
	Not Achievable
	Not Achievable
	Does not converge
	n/a
	n/a


Table 6: Summary of link performance for TU-12 3km/h channel.
4. Conclusion

From extensive link simulation results in this contribution, we conclude that if 2SF2+2SF4 configuration is used, the optimal switching point between QPSK and 16QAM is at the data rate of around 4096kbs, or at a code rate of around 0.71 using QPSK.   This is used in [9] where we propose an approach to indicate both the modulation format (between 16QAM and QPSK) and the TBS size, using the same 6-bit E-TFCI bit in the E-DPCCH channel. In addition, the following observations are made from the simulation results:
1. 16QAM starts to outperform QPSK at around 4Mbps, for all the channel environments considered.

2. 8PSK underperforms QPSK at data rates below 5.5 Mbps, and it underperforms 16QAM from 5.5-7Mbps. Therefore, from a pure link performance point of view, 8PSK is not an attractive option.
3. The impact of CM needs to be taken into account in system level simulations, since the CM of 16QAM is 0.2-1 dB higher than that of 8PSK.  We do not, however, believe this would reverse the conclusions on the 16QAM and 8PSK comparison.
Note finally that, due to practical impairments such as channel estimation error and EVM, the actual achievable peak rate with 16QAM is (in this case, we have only considered one transmission case, and the actual number may vary slightly if one takes into account re-transmissions) (a) Ped A 3km/h: 10Mbps; (b) Ped B 3km/h: 8.2 Mbps; (c) Veh A 3km/h and TU 12 3km/h: 7Mbps.
Furthermore, since 16QAM is primarily targeted for small cells, the exact applicable channel model for further testing of 16QAM is FFS.    
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6. Annex A: Ec/Nt vs. E-DPDCH/DPCCH Link Curves
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Figure 1: Ec/Nt vs. E-DPDCH/DPCCH, target rate 3500 kbps. 1 transmission.
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Figure 2: Ec/Nt vs. E-DPDCH/DPCCH, target rate 4096 kbps. 1 transmission.
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Figure 3: Ec/Nt vs. E-DPDCH/DPCCH, target rate 4500 kbps. 1 transmission.
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Figure 4: Ec/Nt vs. E-DPDCH/DPCCH, target rate 5500 kbps. 1 transmission.
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Figure 5: Ec/Nt vs. E-DPDCH/DPCCH, target rate 7000 kbps. 1 transmission.
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Figure 6: Ec/Nt vs. E-DPDCH/DPCCH, target rate 8192 kbps. 1 transmission.
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Figure 7: Ec/Nt vs. E-DPDCH/DPCCH, target rate 9000 kbps. 1 transmission.
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Figure 8: Ec/Nt vs. E-DPDCH/DPCCH, target rate 10000 kbps. 1 transmission.





































