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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 will mainly focus on the implications on precoding, but the possible impact on channel estimation should also be kept in mind.

Precoding in conjunction with spatial multiplexing and rank adaptation is an integral part of the LTE MIMO downlink ‎[1]. 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 concecutive 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.  Several strategies are possible:

1. Introduce tight time-misalignment tolerances in the manufacturing process of the NodeB. To allow for a single precoder element over a 20 MHz bandwidth would however lead to exceedingly tough requirements – on the order of 5 ns. This would be very costly and should be considered unrealistic.

2. Methods for estimating calibration parameters at the NodeB based on CQI and precoding feedback from the UEs may also be used. The calibration parameters would then be used for compensating for the impairments. It is however doubtful whether sufficient accuracy of the parameter estimates needed for such an approach can be reached. A key disadvantage is also that the accuracy would moreover be highly dependent on the particular precoding scheme used.

3. Adding hardware at the NodeB to measure the needed calibration data (including e.g. time differences). This seems to be another costly approach.

4. Let the UEs estimate calibration parameters and send a measurement report to the NodeB. In contrast to the second approach, this has the benefit that the UE has access to the entire received signal and thus opens up the possibility to estimate the parameters needed to achieve calibration with high accuracy.  

3. Calibration Procedure for NodeB RF Chain

Out of the four listed approaches, we prefer the fourth one in which the UEs send measurement reports to the NodeB. This choice is motivated by its estimation accuracy as well as the low impact on NodeB as well as UE implementation. For this reason this section describes the fourth approach in somewhat more detail. The measurement and calibration procedure would roughly comprise the following steps.

1. The NodeB requests a specific UE to send a calibration measurement report.

2. The UE estimates the parameters needed to perform calibration and sends a measurement report to the NodeB.

3. The NodeB can receive measurement reports from all UEs by repeating step 1 and 2.

4. Based on the data in possibly all the measurement reports, the NodeB estimates parameters needed for compensating the RF chain impairments.

5. NodeB compensates for the RF chain impairments. 

Since the RF chain impairments are relatively constant over time, this procedure does not need to be repeated often. Thus, the overhead is likely to be negligible.

In general it would be beneficial if the UE could estimate as much as possible of the fixed, RF chain, parts of the channel. Here, we exemplify the estimation in step 2 above by focusing on estimating the time differences between the transmit signals. One possible way for a UE to estimate the relevant time differences is as follows. The UE first estimates the effective channel as a function of frequency over some bandwidth. Let the phase of the channel estimate from transmit antenna k to receive antenna l be denoted by 
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where the first term represents the phase variations due to the propagation channel and receive filters and 
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is the time difference induced by cables and transmit filters at the NodeB.  The UE can now estimate the time difference 
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 of the signals from transmit antenna k and k’ by first forming the difference


[image: image7.wmf](

)

f

f

f

f

f

k

k

l

k

h

kl

h

l

k

kl

'

'

,

,

'

)

(

)

(

)

(

)

(

D

-

D

+

-

=

Q

-

Q

j

j


and then fitting a line to this data, possibly taking the module 
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arithmetic into account. The slope of the line is an estimate of the time difference. This process can be repeated several times and then the results averaged to improve the estimate. 

After signaling the time difference 
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 to the NodeB in step 2, the NodeB forms an estimate of the time difference in step 4, possibly by combining several UE estimates into one. Based on the time difference, it is straightforward for the NodeB to compensate for the phase shifts by de-rotating the phase in the frequency domain.

4. Conclusion

This contribution discussed the need for calibration of the channel response introduced by the RF chain at NodeB. Calibration is deemed necessary to make it possible to use precoding (including beamforming) with coarse frequency granularity and thus avoid excessive signaling overhead in many situations. Hardware cost at NodeB and accuracy of the calibration procedure are important concerns that need to be addressed. For this reason we propose that there should be support in E-UTRA for sending measurement reports for calibration purposes from the UE to the NodeB as outlined in the previous section.
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