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1. Introduction

The work on dual layer beam forming, where the principle of exploiting channel reciprocity shall be exploited in the design of the feedback [1], has recently started. In this context, it was further argued in [2] that calibration of the UE is required in order to fully benefit from the reciprocity and to be able to revise the CQI reports for link and rank adaptation. 
In the present paper, we consider the case that there is no calibration error in the eNodeB, but there is a mismatch between the Rx and Tx branches in the UE.   Analysis of indicate that the UE Rx-Tx mismatch may be lumped together with the noise and interference covariance matrix. Since the noise and interference covariance matrix is anyway unknown to the eNodeB, the value of UE calibration is uncertain.  We furthermore validate the analysis with a preliminary model for the Rx-Tx mismatch and conclude that the there is no impact in case of a phase mis-match whereas as an amplitude mismatch may degrade the performance somewhat for the considered eNodeB CQI adjustment algorithm and the CQI feedback similar to transmission mode 7.
2. Analysis of Rx-Tx mismatch 

2.1. Modeling of Rx-Tx mismatch

Following [2], assuming that error sources, such as estimation errors including bias, smaller number of UE Tx antennas than Rx antennas, time variations of the radio channel as well as variations in transmission power and distortion of waveforms can be neglected, the estimate of the downlink channel for a certain subcarrier obtained from uplink estimates may be written as 
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Here, for M antennas in the base station and N antennas in the UE, H is an N x M matrix and C is an N x N diagonal matrix representing the mis-match between receive and transmit branches. See [2] and references therein for further details.
2.2. Phase mismatch

There are several ways to determine downlink transmission weights, one technique commonly considered is so called eigen beamforming.  Per transmit antenna power limitations are neglected and the transmit weights are determined from an eigenvalue decomposition of the transmit covariance matrix. More specifically, the weights are given by
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subject to the constraint on the norm of the transmission weights.   Since for phase only mis-match 
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, it is immediately seen that there is not impact on precoding weights. The effective channel experienced as seen by the terminal is then for the case with dual layer transmission and furthermore assuming that the UL and DL occur within the coherence time of the channel
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Assuming that the noise and intercell interference experienced on a specific subcarrier can be described by a covariance matrix 
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 and that the UE assumes that the noise and intercell interference has a covariance matrix
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, it is straight forward to establish that the post receiver processing SINR in the UE assuming ideal channel estimation for the first of the two streams is given by
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with a similar expression for the SINR of the second stream,
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,   (5) can be written as 
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where  
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From this we see that if the eNodeB has channel knowledge according to (1), and hence knowledge of  
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 rather than 
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 in addition to knowledge about the receiver processing it could in theory attempt to calculate the post receiver processing SINR.  However, for the eNodeB to be able to determine the SINR, it also needs to have knowledge about the effective noise and interference covariance matrix 
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 in addition to the effective noise and interference matrix assumed by the UE receiver,
[image: image16.wmf]H

C

Q

C

ˆ

.   We note that that not knowing 
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 is similar to not knowing
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.  It may also be immediately seen that if the noise and interference covariance matrix 
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 (as well as
[image: image20.wmf]Q

ˆ

) is diagonal, there is no impact of the Rx-Tx mismatch since 
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.  This leads to the following observation.

Observation:  Since the eNodeB does not know the noise and interference covariance matrix at the UE, the value of the UE calibration appears limited in case there is only a phase mis-match. 

In fact, approaches not exploiting detailed knowledge about the interference and noise are not expected to be sensitive to Rx-Tx mismatch. An example is the CQI adjustment algorithm presented in [3] appears to operate on the eigenvalues of the channel transmit covariance matrix from the estimated channel. Since the eigenvalues are not impacted for a phase-only mis-match, there appears to be no impact.
2.3. Amplitude mis-match
When it comes to amplitude mis-match, the precoding weights will be different for the case with and without mis-match. In fact they will be related by means of unitary transformation  At the same time, the weights determined for the case with no Rx-Tx mis-match, are not necessarily optimum either since they are determined without taking into account the noise and interference properties at the receiver. 

When it comes to determining post receiver processing SINR the analysis is the same as for the case with phase mismatch. Note that in the case that the noise and interference matrix is diagonal; the impact of the gain mis-match between Rx and Tx is effectively the same as not knowing the noise and interference levels of the individual antennas. 
It should however be kept in mind that  in case the UE can sound from all of its antennas,  there may be variations in the transmitted power due to  transmit power inaccuracies.    Hence, even though there may be an impact on Rx-Tx amplitude mis-match, its impact need not to be dominant  in relation to uncertainties introduced by power control inaccuracy  and unknown noise and interference.
3. Numerical examples

To investigate the impact of calibration errors, rather idealized simulations of a small system were performed with assumptions given in Table 1 in the Appendix.  More specifically, perfect sounding was assumed in the sense that full knowledge of the channels of all users was available every 5ms in the eNodeB.   Transmit weights were determined from an eigenvalue decomposition as given by (3) with a frequency domain granularity of a single PRB, and a CQI adjustment algorithm similar to the one in [3] was used.  CQI feedback was determined as for transmission mode 7 in Release-8.
Lacking understanding of the characteristics of the Rx-Tx mis-match we assumed frequency independent phase mis-match uniformly distributed between 0 and 360 degrees and independent between the antennas. Amplitude mis-match was modeled as frequency independent using a normal distribution and independent between the two transmit antennas.   We also assumed that the mis-match was the same throughout the simulation for each UE.  This need not to be a relevant model since the calibration errors are also expected to be time varying which in turn may have an impact on the feasibility for calibration as such.
The results are given in Figure 1 and it should be noted that the results are optimistic since many imperfections were neglected and a small system with only seven sites were simulated. 

As can be seen, there is no impact of phase mis-match whereas there is rather small impact of the amplitude mis-match, around six percent. It should though be noted that the assumed model is rather arbitrary, mainly because the understanding of UE calibration appears to be relatively limited.  Furthermore, the degradation is also expected to depend on the actual adjustment algorithm used as well as the UE feedback.
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Figure 1 Preliminary simulation results of impact of calibration errors
4.  Summary

Based on the analysis and the simulations, we note that 

· There appears to be limited need to calibrate the UE to ensure phase matching between Rx and Tx. 

· Amplitude mis-match can impact performance somewhat, but the impact needs not to be dominant if also transmission power inaccuracies are considered. Furthermore, the impact is also likely to depend on the UE feedback and the algorithm in the eNodeB.
· The impact of Rx-Tx mis-match is similar to lack of knowledge of the characteristics of the noise and interference. Even though the channel is reciprocal, the interference is typically not reciprocal.
Based on this, and since UE calibration appears to be relatively immature, we propose to 

· Design the dual layer functionality without relying on UE calibration while ensuring robustness towards unknown transmission amplitudes.
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Appendix

	Parameter
	Assumption 

	Cellular Layout
	Hexagonal grid, 7 cell sites, 3 sectors per site

	Inter-site distance
	500m

	Carrier frequency
	2.0GHz

	Bandwidth
	10MHz

	Total BS TX power
	46dBm 

	System load
	10 UEs per sector

	Control and signalling overhead
	3 control symbols for PDCCH
CRS: antenna port 0 and 1 enabled
DRS: 12 RE per RB for dual layer 

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Minimum distance between UE and eNB
	>= 35 meters 

	Shadowing standard deviation
	8 dB

	Penetration Loss  
	20dB

	Channel model
	SCM-E, urban macro 15 degree AS 

	Antenna pattern  (horizontal)

( 3-sector cell sites with fixed antenna patterns)
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	UE speeds of interest
	3km/h

	eNodeB antenna configuration
	Dual polarized antenna array,  antenna separated half wavelengths on each polarization

	UE antenna configuration
	Two co-polarized antennas separated half wavelength

	Rank adaptation
	Enabled

	Channel estimation 
	Ideal

	HARQ
	Chase combining

	CQI reporting
	5ms period/6ms delay/6 PRB frequency granularity

	Sounding configuration
	Ideal sounding from both antennas

	Receiver
	MMSE

	Scheduler
	Proportional Fair 


Table 1 Simulation assumptions
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