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1. Introduction 
The requirements on modulation accuracy has been up for discussion in RAN WG4, especially for the DL. This contribution focuses on the UL. The introduction of 16QAM in LTE implies that the requirements need to be more stringent compared to Rel.6 WCDMA. In parallel, 16QAM is also being introduced in Rel.7 WCDMA, and it is reasonable to assume that a similar tightening of the modulation accuracy requirements will be required for both radio access technologies. EVM requirements for 16QAM in WCDMA is discussed in [1].
This contribution shows the LTE UL link level performance, and how it degrades with increasing Tx EVM. It is argued that a certain loss compared to an ideal transmitter must be accepted. However, in order to get a substantial benefit from the use of higher order modulation, this loss should not be too high. Link level simulations have been performed in order to assess reasonable levels of Tx EVM from a performance point of view. Results are presented both with and without Rx EVM.
If a UE is only allocated in a fraction of the available bandwidth, the Tx imperfections will also degrade the performance for other users in the band. This is discussed e.g. in [2] and is outside the scope of this contribution
2. Simulation setup 
In a practical transmitter, the EVM consists of several components, with different properties depending on the source of imperfection. In a practical receiver, some of these imperfections are easily compensated for, whereas others will cause a performance degradation. The definition of Tx EVM needs to reflect this by considering the error vector after some form of equalization, see e.g. [3]. 
The basic simulation setup is shown in Figure 1. When investigating the link degradation due to transmitter EVM, it is reasonable to model the part that is not compensated for by the equalization as AWGN. Also the receiver EVM is modelled as AWGN, and in these simulations it is made proportional to the received signal power, which is a realistic assumption at moderate input levels.
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Figure 1 Schematic of the simulation setup.
The simulations have been performed for a 5MHz LTE system using all 25 RB with16QAM modulation. The NodeB receiver is assumed to use 2 uncorrelated Rx antennas. The timing is assumed to be known, but practical channel estimation has been applied using the previous working assumption with pilots in short blocks. No major performance difference is expected with pilots in long blocks.
The simulation assumptions are summarized in Annex A.
3. Simulation results 

The performance with different levels of Tx EVM is shown for an AWGN channel in Figure 2, and for a Pedestrian B channel in Figure 3. For reference, also the channel capacity is included in the AWGN curve. No Rx EVM is modelled in these graphs. The code rates 8/9, 4/5, 3/4, and 1/2 have been simulated, and the graphs show the envelope using the code rate with highest throughput at each C/N value. C/N refers to the average power per receive antenna over the channel noise power, added at the FFT sampling rate. This implies that the symbol SNR in the receiver (with no Rx of Tx EVM) can be calculated as C/N∙2∙(512/300) where the factor 2 is the number of receive antennas, and 512/300 is the ratio between the FFT size, corresponding to the noise bandwidth, and the number of used subcarriers.
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Figure 2 Throughput for AWGN with different Tx EVM levels and no Rx EVM.
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Figure 3 Throughput for PB3 with different Tx EVM levels and no Rx EVM

For AWGN, maximum throughput with a perfect transmitter is achieved at C/N≈10 dB, whereas for PB3, this occurs at C/N≈16dB. What is considered as an acceptable throughput loss is of course somewhat arbitrary, but the degradation for Tx EVM at 12-14 % can be deemed reasonable.
Also, simulations have been run with both Tx and Rx EVM for PB3 using code rates 4/5 and 8/9, see Figure 4. For AWGN, the Tx EVM, Rx EVM, and channel noise are actually interchangeable with proper normalization. Though there is some impact of Rx EVM, the suggestion for 12-14 % Tx EVM is still valid.
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Figure 4 Throughput for PB3 with different Tx EVM levels and varying Rx EVM. 
4. Proposal

Link level analysis has shown that Tx EVM in the range of 12-14 % is a reasonable requirement from a link performance point of view, and it is also deemed feasible from an implementation point of view. Furthermore, it is in line with suggested requirements for 16QAM modulation in HSPA evolution UL, as well as for 16QAM in LTE DL. 
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Annex A.
Simulation assumptions

	Parameter
	Value

	System bandwidth
	5 MHz

	# of allocated RB
	25 (each resource block 180 kHz)

	Sampling frequency
	7.68 MHz

	Modulation format
	16QAM

	Code rates
	{8/9, 4/5, 3/4, 1/2}

	# of Rx antennas
	2 (uncorrelated)

	Multipath channels
	AWGN, PB3

	Channel estimator
	Practical, with known channel delay

	Spectrum shaping techniques
	Off

	HARQ combining
	IR

	Max # of transmissions
	4

	Base Turbo Codec
	R=1/3, 8 iterations, Max Log MAP

	DL ACK/NACK signalling error model 
	Off

	# of bits in A/D
	Floating point








3GPP


_1231653593.doc

[image: image1]

Tx







Rx







Tx EVM







Rx EVM







ch







AWGN












