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1 Introduction
UL SU-MIMO has been discussed in many contributions [1], [2] as an important technology to increase uplink system capacity. Similar to downlink SU-MIMO of LTE-release 8 [3], precoding technology will be an essential component for UL SU-MIMO. In order to make full use of channel reciprocity of TDD system, non-codebook-based precoding can be introduced to LTE-advanced system in uplink. To support the non-codebook-based precoding in uplink, the multiple antennae at the terminal shall be calibrated so that all of the antennae have same amplitude and phase properties. 
In this contribution, we provide two candidate techniques of calibration at terminal and briefly analyze their merits and demerits. 
2 Calibration at terminal
The RF properties of an antenna depends on temperature, humidity etc., thus multiple antennae in a terminal shall be calibrated. Sudden change in temperature may vary the properties of crystal oscillator, filters and amplifiers. When an UE changes its state from idle to connected mode, maybe due the activation of the circuitry the temperature rises quickly around 10-30 degree Celsius, which significantly impacts the RF properties differently on multiple antennae.
In this section we discuss the calibration methods which are feasible with little cost.
2.1 Self calibration between the antennae at the UE
In this section we describe the principle of self mutual calibration between different antenna ports in UE and some test results, there is no need of standardization. But adding relevant circuitry in the UE may be necessary.  
Principle

The uplink and downlink RF paths have different characteristics, so applying the precoding weights obtained from EBB calculation will not coherently add the signals from different antennae. If there is way to compensate the differences in uplink and downlink RF paths in multiple antennae terminal then it is possible to realize the non-code book based precoding in uplink. We try to compensate these differences through self calibration, to make sure the differences in coefficients of uplink and downlink RF paths are same in the multiple paths. The calibration coefficients are calculated from the ratios of coefficients of uplink and downlink RF paths.  
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Figure 1，Transmission and reception model
As shown in the figure above, let’s assume:
The uplink RF path coefficient of antenna 1 is 
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 is the downlink coefficient.
The uplink RF path coefficient of antenna 1 is 
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 is the downlink coefficient.
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are the channel coefficients between antenna 1 and antenna 2, with channel reciprocity, we have：
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Antenna port 1 transmits signal 
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, the received signal at antenna port 2 is：
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Next, antenna port 2 transmits signal 
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, the received signal at antenna port 1 is：
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From the equations (2) and (3) and using the relation in equation (1), we obtaion：
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(4)
that is：
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Let’s assume the calibration coefficients as：
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Now, the channel coefficients from the Node B to antenna port 1 and 2 are respectively
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The Node B transmits signal
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, and the received signals at antenna port 1 and 2 are respectively r1 and r2 
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According to the EBB calculation the precoding coefficients are：
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(9)
Suppose the UE transmits signal x from antenna 1 and 2, compensating the calibration coefficients from equation (6)：

We obtain the signal arriving at Node B from antenna port 1：
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Similarly, the signal arriving at Node B from antenna port 2:
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We can see that the signals 
[image: image24.wmf]1

y

 and 
[image: image25.wmf]2

y

 have same phase, and the signal amplitude is proportional to the power of channel coefficient. The main advantage of this method is that there is no impact on specification, and the additional circuitry is very small thus the cost, size and the power consumption are negligible.
Some test results are given in Annex to compare the properties of the given calibration method with the traditional method of adding coupling network in the antenna system. It needs to be noted that traditional method is relevantly mature, deployed in TD-SCDMA system successfully.
2.2 Over the air calibration

In this method, some information feedback from the eNB to the UE is performed in the air interface, and it makes standardization necessary. We refer to two papers from Ericsson and Qualcomm below.
Option1: Firstly the eNodeB calculates phase errors of multiple antennae of the UE through uplink reference signals and feedbacks them to the UE, and the UE calibrates the phase errors among different RF ports. This method is similar to the proposal in R1-071048 by Ericsson.
Option2: The eNodeB calculates uplink channel information through uplink reference signals, and  feedback it to the UE, while the UE estimates downlink channel information based on downlink reference signals, and then the UE performs phase error estimation according to two channel information. This method is similar to the proposal in R1-080494 by Qualcomm.  
The feedback overhead depends on antenna number, bandwidth etc. Not like at the Node B, which is almost always transmitting and receiving signals, the UE is most of the time in idle state. Calibration is not necessary in the idle state, however at the moment the UE changes from idle state to connected state due to sudden rise in temperature of the components calibration of the antennae in terminal would be necessary. So there is no specific period of the calibration in the terminal, calibration is only needed during the connected state so the overhead is minimal. 
3 Conclusion
The calibration is necessary at the terminal and implementation is of most concern in the industry. We provide the preliminary investigation result on the terminal antenna calibration, and we also show that calibration at terminal is feasible without or less impact on specification.
4 References
[1] 3GPP, R1-071048, “The Need for Measurement Report Mechanism Supporting NodeB RF Front End Calibration”, Ericsson
[2] 3GPP, R1-080494, “Calibration Procedures for TDD Beamforming”, Qualcomm
[3] 3GPP, R1-082793, “Uplink Non-codebook-based Precoding”, CATT
Annex:

Simulation Result：



Let UE have 2 antennas, assume:
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and,
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This is the case that NodeB is just located on the broadside of UE antennae.


Then, according to formulation (5) 、 (6) and (9):
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According to the EBB calculation the normalized precoding coefficients are
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We obtain the signal arriving at Node B from antenna port 1 and port2:
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We can see that the signals 
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 have exactly the same phases, and the signal amplitude is proportional to the power of channel coefficient. Figure 4-6 show the signal send at UE,
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,while assuming that signal 
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 is sine wave
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figure 4: signal send at UE ,
[image: image41.wmf]x

,and signal received at eNodeB, 
[image: image42.wmf]1

y

,
[image: image43.wmf]2

y

and 
[image: image44.wmf]12

yy

+

, calibrated by new method presented in this documentation
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figure 5: signal send at UE ,
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,calibrated by traditional calibration method
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figure 6: signal send at UE ,
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