3GPP TSG RAN WG1 #56 meeting

R1-090563
Athens, Greece, February 9 – 13, 2009


Source: 

Mitsubishi Electric
Title:


Discussion on antenna calibration in TDD
Agenda Item:

12.3
Document for:
Discussion
1 Introduction
In TDD, channel reciprocity is envisaged to support MIMO control efficiently [1]-[5]. Actually, antenna calibration [5] is indispensable to exploit channel reciprocity. This contribution provides preliminary study on UE antenna calibration in LTE-Advanced.      

2 Basic Properties of Antenna Calibrations for UE
In LTE-advanced TDD, channel reciprocity is envisaged to support not only eNB but also UE’s precoding. If channel reciprocity is available, UE can use non-codebook based  precoding effectively [4]. Moreover, UE can report DL CSI efficiently [3] even under asymmetric interference. To achieve this reciprocity, this contribution discusses properties of antenna calibration for UE. 
Table 1 : Basic properties of calibrations for UE.
	
	CAL accuracy under

non-linear amplifier
	Feedback information

	Self calibration
	Not good (Unstable)
	Not necessary

	On-the-air-calibration
	Good     (Stable)
	Necessary


Table 1 shows basic properties of calibrations in our view. Note that antenna calibration technologies are overviewed in appendix. Basically, self-calibration would work well if non-linear amplifier’s effect is negligible. Our concern is that self-calibration (CAL) accuracy may deteriorate due to non-linear amplifier or power-dependent analog characteristics, because transmit power levels of calibration signal and data packet are quite different.  More precisely, the calibration accuracy deteriorates if UE has different non-linear amplifier characteristics in two antennas. To our knowledge, non-linear property depends on analog devices and UE’s low-cost amplifier tends to 
have more non-linearity more than eNB’s amplifier.                 
In contrast, on-the-air-calibration would have stable calibration accuracy even in the presence of non-linear amplifier, because transmit power levels of calibration signal and data packet are almost the same. Although on-the-air-calibration needs feedback information from eNB, the amount of feedback information is small [1]. Therefore, on-the-air-calibration would be also useful in the 
presence of non-linear amplifier.   
In our preliminary assessment, self-calibration provides better calibration accuracy than on-the-air-calibration assuming no power-dependent analog characteristics, since calibration signal for channel measurements has higher SNR in self-calibration. However, the accuracy deteriorates when UE’s 
antennas have different power-dependent characteristics.
3 A Possible Solution for the Non-Linear Amplifier Problem
The problem of non-linear amplifier should be carefully considered for self-calibration. In our view, “adaptive selection of calibration mode” could be a possible solution to this problem, in which a 
calibration mode is properly selected as follows:
1. UE computes calibration vector  
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 based on on-the-air-calibration.
2. The UE computes calibration vector 
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3. If  
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 have similar direction, UE uses self-calibration hereafter; otherwise UE uses on-the-air-calibration.
The exact definition of calibration parameters 
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 are shown in appendix. Thus, UE can check the effect of non-linear amplifier comparing two calibration vectors derived from the two calibrations. From (3) in appendix, the same direction of 
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 means negligible effect of 
amplifier’s non-linearity. 
In our view, it would be sufficient to check the self-calibration once in a long period (> 1day). This adaptive mode selection would provide stable calibration performance reducing signaling between 
eNB and UE.
4 Conclusion 
This contribution provided preliminary study on calibration technologies for UE in LTE-advanced. Our current view is 
· It would be important to consider effect of non-linear amplifier on self-calibration.
· Adaptive selection of self and on-the-air-calibrations would be a possible way.
Further study is necessary for feasible calibration at UE.
Appendix : Antenna Calibration Technologies
A. Signal Model
Fig. 1 shows the signal transmission model in TDD. The measured uplink channel 
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 between UE's m-th antenna and eNB's n-th antenna are expressed as 
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where 
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 are the real channel parameters in UL and DL, 
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 are the Tx and Rx analog gains at eNB's n-th antenna, 
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are the Tx and Rx analog gains at UE's m-th antenna, respectively. 
The channel reciprocity holds for real channels, i.e. 
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. But, a calibration is needed to exploit channel reciprocity in the measured channels, i.e.,
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Figure 1: Signal transmission model in TDD.
B. Calibration in MIMO Channel
A calibration compensates mismatch of analog gains by multiplying calibration parameters 
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 to transmit signal at eNB's n-th antenna (n=1, ..., N) or at UE's m-th antenna (m=1, ..., M), respectively. Then, the measured UL and DL channel parameters after calibration are given by
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In order to exploit channel reciprocity in NxM MIMO channel, it is required to have
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Using (1),  (2) is equivalent to 
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which are also equivalent to 
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Therefore, if eNB and UE perform antenna calibration individually in MISO channel, channel reciprocity in MIMO channel naturally holds. 
C. An example of on-the-air-calibration (e.g. [1][2])
In a representative example, UE determines 
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1. eNB measures 
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 (m=1, …,M) using UL CAL pilot signals from UE and reports 
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2. UE measures
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 (m=1, …,M) using DL CAL pilot signals.

3. UE determines 
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In this calibration, the parameter 
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 contains the effect of power-dependent analog characteristics, since the CAL pilot signals have the similar transmit power to data packet. 
D. An example of self-calibration (e.g. [5])
Let us define 
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where 
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are the measured and real channel parameters from UE’s m1-th antenna to UE’s m2-th antenna, as shown in Fig. 1. 

Assuming no power-dependent analog characteristics, UE can compute the calibration parameters based on bi-directional channel measurements between UE’s two antennas as
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It is no problem in practice to set 
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. This self-calibration would be easy if effect of power-dependent analog characteristics is negligible. 
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