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1
Introduction

RAN plenary meeting #34 in December 2006 approved a Higher Order Modulation WI [1]. The objective of the WI as stated in [1] is:

The objective of this work item is to specify the support of 16QAM as an uplink modulation scheme for HSUPA in FDD, this includes:
· Specification of L1 aspects of 16QAM, including applicable combinations of gain factors

· Specification of L2/L3 aspects of 16QAM

· Specification of Iub/Iur support for 16QAM

· Specification of BS and UE requirements for an agreed set of radio conditions/environments for 16QAM. Specification of Radio Resource Management requirements.

· BS requirements to be done with more advanced receivers, i.e. more advanced than RAKE
Thus the task from RAN to RAN1 is clear and the selection of the modulation to be applied has been taken.
The results in this document are complementing the results in [2] and investigate the physical channel configuration to be used with 16QAM.

2
Simulations
2.1
Simulation assumptions
Table 1: Link simulation assumptions for UL efficiency simulations
	Parameter
	Value

	Channel model
	Pedestrian A / Pedestrian B

	Receiver
	Type 3 (LMMSE chip equalizer)

	Channel estimation
	Pilot based

	TTI
	2 ms

	HARQ
	On, max num. of transmissions=4

	PC
	On

	Modulation
	BPSK, 8PSK, 16QAM, amplitude known in receiver

	Data rates and channel configurations
	BPSK
	2.880 Mbps (2xSF2 + 2xSF4, ECR=0.5)

4.032 Mbps (2xSF2 + 2xSF4, ECR=0.7)

	
	8PSK
	3.840 Mbps (2xSF2 + 2xSF4, ECR=0.44)

	
	16QAM
	2.880 Mbps (2xSF4, ECR=0.75)

2.880 Mbps (2xSF2, ECR=0.375)

2.880 Mbps (2xSF2 + 2xSF4, ECR=0.25)

3.840 Mbps (2xSF2 + 2xSF4, ECR=0.33)

3.840 Mbps (2xSF2, ECR=0.5)

	Gain factors
	βc
	0.7333

	
	βec
	0.3675

	
	βed
	1.6417


2.2
Simulation results
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Figure 1: Link efficiency comparison of BPSK, 8PSK and 16QAM, CM increase not accounted for
The Figure 1 above shows that for data rates around 4 Mbps there is no notable gain from 16QAM over BPSK. It is further noted that even with that data rate it is worth running 16QAM with the full E-DPDCH code configuration equivalent to 6xSF4 BPSK code usage. The 8PSK curves are shown for reference.
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Figure 2: Link efficiency comparison of BPSK and 16QAM, CM increase not accounted for

The Figure 2 above shows clearly that for data rates below 3 Mbps BPSK clearly outperforms 16QAM regardless of the 16QAM code configuration. 
3 Conclusions

This document investigated the link performance of BPSK and16QAM using type 3 LMMSE equalizing receiver with fixed MCSs. The results indicate that as long as BPSK has any reasonable amount of coding protection (data rates up to 4 Mbps) it will better than or as well as 16QAM even if the cubic metric increase due to 16QAM is not taken into account. It is also seen in these data rates 16QAM performance is at its optimum when the effective code rate is minimised. 
Thus it is proposed to take as a working assumption that 16QAM is only used with the physical layer code configuration occupying codes equivalent to three QAM SF4 codes (corresponding to 6xSF4 with BPSK). Whether the final choice would be SF2+SF4 or 3xSF4 depends on the cubic metric study.
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