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1. Introduction

The bandwidth in LTE is significantly wider than in previous wireless standards. This makes it difficult to ensure that the overall channel responses of the RF chains of the NodeB are close to ideal and thus do not introduce significant variations over frequency of the effective channel over the bandwidth. If not properly dealt with, the system may have to cope with a substantial increase of frequency-selectivity, which may have serious implications on channel estimation quality as well as the performance of precoding. The present paper investigates by means of link level simulations the performance impact of using uncalibrated arrays. Altough we focus on the implications on precoding, the possible impact on channel estimation at the UE should also be kept in mind.

Precoding in conjunction with spatial multiplexing and rank adaptation is an integral part of the LTE MIMO downlink. By using a channel dependent precoder matrix for linearly transforming the information carrying symbol vector, the transmission is tailored to better suit the properties of the MIMO channel. Significant improvements in terms of data rate can in this way be achieved.

2. Background

The support of rank adaptation means the number of layers of symbol streams simultaneously transmitted on the antenna array can, based on the current channel properties, dynamically vary from one subframe to the next. In the case of one layer transmission, each symbol is distributed over all the antennas and multiplied by an antenna specific complex-valued factor. These factors can be selected based on the instantaneous channel so as to increase the SNR by obtaining coherent addition of the transmitted signals at the receiver. This is often called beamforming and is a special case of the more general concept of precoding, with the vector of channel dependent factors then playing the role of the precoder element, see Figure 1 below for an illustration.
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Figure 1: Example of beamforming for 2 tx NodeB and 1 rx antenna UE. This is one layer transmission with the symbols 
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on the first layer. The multiplying factors are collected into a vector which plays the role of the precoder element. The variable k satisfies k=0, 1, 2 , 3 giving a toal of four elements in the codebook.

 It has been decided that the precoder element is selected from a finite and countable set of candidate matrices – a so-called codebook. Precoder indices pointing into the codebook are signaled from the UE to the NodeB. This can be viewed as a form of channel quantization.

To maximize data rate, the precoding element should closely match the channel. This means the precoding elements should ideally track the channel variations over the transmission bandwidth. For scenarios with frequency selective channels this presents a challenge since precoding indices with a fine frequency granularity need to be signaled from the UE and probably also be signaled in the downlink as part of the control signaling. This may lead to a substantial signaling overhead. One possibility for reducing the signaling overhead is of course to use coarser frequency granularity but this may quickly lead to significant performance loss if there is spatial frequency-selectivity ‎[3].  In some scenarios, the same precoder element can be used over the whole bandwidth without significant loss of performance. Situations with correlated fading are important examples where the frequency granularity of precoding can be set very coarse.

Frequency-selectivity may not only be due to the propagation conditions. The RF chains, including transmit filters, the antenna cables and the antennas at the NodeB, are likely to also significantly contribute to the overall frequency variations of the channel unless specific measures are taken to mitigate this kind of impairment by some form of calibration. One particularly common type of impairment in this category is time misalignment among the signals on the different antennas. Even a small time difference can have a large impact on the effective channel response since a substantial phase difference, linear in frequency, is induced. 

To illustrate the impact of time-misalignment, consider the requirements in WCDMA which stipulate that the time difference between the two antennas must be less than 65 ns ‎[2]. This is already a rather tough requirement but even then, the relative phase difference between two antennas would be on the order of 470 degrees (360*65*1e-9*20e6) for a 20 MHz system. Assuming a three-bit codebook of DFT based beamforming vectors, the phase shift between to consecutive beamforming vectors is 45 degrees. This kind of frequency-selectivity would thus alone force the use of roughly 470/45 = 10 beamforming elements across the bandwidth in order to reasonably limit the losses due to ill-matched beamformingr elements. As previously mentioned, this would significantly increase the signaling overhead. 

Clearly, the problem of time-misalignment needs to be addressed to allow efficient precoder operation.  In ‎[1], we argue for letting the UEs estimate calibration parameters and send a measurement report to the NodeB, which can then compensate for the RF impairments.

.

3. Simulation Results

Link level simulations for a 2x2 system have been conducted in order to illustrate the impact on performance of using uncalibrated arrays. Throughput versus SNR curves have been generated using the 2 Tx precoding codebook agreed in RAN1 #48 meeting as a working assumption. A more detailed list of simulation assumptions is given in Table 1.
Table 1: Simulation assumptions.
	Antenna configuration
	2x2 

	System bandwidth
	20 MHz

	FFT size
	2048

	Tone Spacing
	15 KHz

	RB size 
	12 tones (180 KHz)

	Frame duration 
	10 ms

	Subframe duration
	1 ms

	Slot duration
	0.5 ms

	# OFDM symbols per each subframe
	14

	TTI duration
	1 ms

	BLER target
	10%

	Feedback delay for CQI
	3 ms

	UE speed
	3/30 km/h

	Receiver type
	LMMSE

	HARQ delay
	4 TTI

	Channel estimation
	Yes

	Transmission rank
	Fixed at one

	Precoder codebook
	2 Tx working assumption

	Modulation format:   

Coding rates:
	QPSK

0.2, 0.25, 0.33, 0.4, 0.5, 0.6 0.67, 0.75

	Modulation format:   

Coding rates:
	16QAM

0.4, 0.45, 0.5, 0.55, 0.6, 0.67 0.75, 0.8, 0.83

	Modulation format:   

Coding rates:
	64QAM

0.6, 0.625, 0.67, 0.7, 0.75, 0.8, 0.83


3.1. Results and Discussion

Figure 2 compares the performance of using a calibrated and an uncalibrated array when a single precoder is selected for the whole bandwidth. A time misalignment of 65 ns between the two Tx antennas has been assumed, corresponding to the requirement in WCDMA. As seen, ignoring calibration incurs a serious performance loss on the order of 2.5 dB. To mitigate this loss would involve increasing the frequency resolution of the precoder selection, resulting in a substantial increase in signaling overhead and hence lower system performance.
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Figure 2: Performance impact of 65 ns calibration error. Single precoder over whole bandwidth, flat uncorrelated fading and 3km/h UE speed.
4. Summary and Conclusions

This contribution investigated the impact of ignoring calibrating for the time-misalignment due to the RF chains at NodeB. For a 20 MHz bandwidth in a flat fading scenario, link level simulations a substantial loss (2.5 dB) due to a time-misalignment of 65 ns when the same precoder is used across the whole bandwidth. To compensate for the loss would involve increasing the frequency resolution of the precoder selection thereby adding significant signaling overhead. It should be noted that a small time-misalignment of 65 ns corresponds to current requirements for WCDMA and is challenging, and thus costly, to achieve. 

We thus conclude that array calibration is critical for efficient precoding operation and propose to introduce a UE measurement mechanism‎[1] for its support.
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