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1
Introduction

RAN1 meeitings #46 and 46bis saw a number of contributions investigating the uplink link performance with 16QAM when very high data rates are used. This document compares the link performances of BPSK, 8PSK and 16QAM on the data rate range that is still achievable with the current uplink. These investigations do not take the CM increase due to more complex modulations into account and the Rel-6 channel structures have been assumed.
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 1 (RAKE) / 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

	Channel configuration / ECR
	BPSK
	2xSF2 + 2xSF4 / 0.7

	
	8PSK
	2xSF2 + 2xSF4 / 0.44

	
	16QAM
	2xSF2 / 0.5

	Data rates
	BPSK
	4.032 Mbps

	
	8PSK
	3.840 Mbps

	
	16QAM
	3.840 Mbps

	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 as long as the BPSK link has any sensible coding protection (i.e. at least up to 4 Mbps) it performs better than 8PSK or 16QAM even though the higher order modulations have better coding protection due to larger physical channel bit rate. The used effective coding rates were 0.7, 0.44 and 0.5 for BPSK, 8PSK and 16QAM respectively. These findigs are in line with the HSUPA SI phase findings on 8PSK documented by 3GPP in [1]. The impact of cubic metric increase of 8PSK/16QAM has not been taken into account but is investigated in [2,3].
From this it can be anticipated that the cell throughput can be optimised by using BPSK transmission and multiple users code divided rather than 8PSK/16QAM usage. The higher order modulation schemes would only be beneficial for peak rate enhancements when only one user is active in the cell. 
When examining data rates close to 5.76 Mbps it should be quite evident that BPSK starts to fail due to almost or completely non-existent protection from the channel coding and higher order modulations are needed. Data rates beyond 5.76 Mbps are not even theoretically possible with BPSK.
3 Conclusions

This document investigated the link performance of BPSK, 8PSK and 16QAM using RAKE and type 3 LMMSE equalizing receiver with a fixed MCS. The results indicate that as long as BPSK has a reasonable amount of coding protection (data rates at least up to 4 Mbps) it will perform clearly better than higher order modulations even if the cubic metric increase is not taken into account. From this it could be anticipated that the usage of higher order modulations is only beneficial if there is only a single active user in the cell. From cell capacity perspective it is most likely more beneficial to code multiplex multiple users if such data rates are offered.

When going closer to the theoretical data peak data rates of BPSK link only very little or no coding protection can be offered and higher order modulations outperform BPSK as was shown for 16QAM in [4]. Obviously with data rates beyond 5.76 Mbps (the theoretical peak of BPSK link) only higher order modulations have a chance at delivering. At which data rate point 16QAM would start outperforming 8PSK is not clear. Intuitively one could assume this to happen somewhere around 7…8 Mbps (ECR in the range of 0.8…0.9) but further study taking also cubic metric into account is needed.
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