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1. Introduction

It has been agreed that the baseline for feedback in support of downlink single-cell single-user spatial multiplexing is codebook-based precoding feedback. It is not clear whether a codebook-based PMI feedback will be the best approach for single cell MU-MIMO and CoMP operation. This observation is based on the accuracy needed for steering nulls and the susceptibility of codebook-based PMI feedback to performance loss with uncalibrated eNodeB arrays.  An uncalibrated eNodeB is where an unknown gain and phase is present on each transmit branch which causes the expected or theoretical response (or array manifold at a specific angle) not equal the RF response seen at the mobile.  This random gain and phase on each transmit branch can significantly impact the performance of any feedback method which assumes a specific structure in the transmit array.
2. A Simplified Model for Uncalibrated eNodeB
In this contribution we evaluate the performance of PMI based schemes similar to Rel-8 PMI feedback. We consider that the eNodeB is not baseband calibrated. This means that there is an uncompensated gain and phase introduced in each transmit chain (αexp(jθ) in the figure below) that modifies the effective RF response of the antenna in the downlink. The gain and phase is the response of the RF chain that links the baseband to the antennas. In this contribution we consider α=1 and θ generated at random. 
Note that the issue of calibration for eNodeB antennas has been studied before [1] where a difference in the time-alignment between the eNodeB antennas was observed to cause additional frequency selectivity of the effective baseband channel response. In this contribution we do not model the difference in time-alignment and consequently the effect of not having a baseband calibration is not frequency selective.
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3. Effect of Baseband Calibration on PMI Feedback
The effect of not having baseband calibrated antennas works against the optimization typically done for selecting a codebook. A codebook is optimized for typical channel responses (assuming baseband calibration) and therefore is not uniform in terms of quantization of the space spanned by the codebook vectors or matrices. Thus a codebook optimized for such conditions provide larger quantization errors with an uncalibrated eNodeB. This effect is not pronounced for SU-MIMO operation but is apparent for MU-MIMO operation where the performance is more sensitive to the accuracy of CSI.

4. Simulation Results

We consider two cases – (i) the eNodeB is baseband calibrated in the downlink meaning the effective response of a transmit antenna port at baseband is equal to the RF response of the antenna in the downlink (ii) the eNodeB is not baseband calibrated meaning the baseband response is not equal to the RF response. In the second case we model an uncalibrated eNodeB by inserting a random phase at each of the antenna ports. The random phases are fixed for a drop (10000 subframes in the simulations). In practice these phases may change slowly as a function of temperature in the order of hours.
The figure below shows the relative performance of MU-MIMO with the R8 codebook and subband feedback (MU,R8 CB/sb), a 6 bit codebook with wideband feedback (MU,6b CB/wb), and the same 6 bit codebook with subband feedback (MU,6b CB/sb) to SU-MIMO with the R8 codebook with subband feedback (SU,R8 CB/sb).  With a calibrated array each codebook method with MU-MIMO provides a gain over SU-MIMO, but with an uncalibrated array each codebook method with MU-MIMO sees a loss over SU-MIMO (in the 15% range).
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5. Conclusions

In this contribution we studied the performance of PMI feedback based schemes with MU-MIMO operation and arrive at the following conclusions - 
· We observed a significant degradation (~15%) in performance with MU-MIMO when a eNodeB is not baseband calibrated (there is almost no degradation for SU-MIMO)
· In view of this we recommend considering a scenario of uncalibrated eNodeBs when designing feedback schemes for Rel-10 for MU-MIMO and CoMP
· Specifically in terms of the quantization schemes investigated for Rel-10 we comment that
· Element-wise covariance quantization schemes typically do not suffer from this degradation and may provide a good choice for quantization
· PMI based feedback schemes augmented by some refinement (or tracking) methods similar to differential quantization may also be resistant to such degradation
Table 3: Simulation Assumptions

	Scenario 
	Case 1 (2D antenna pattern)

	Channel Model
	SCM Urban Macro 150

	BW
	10MHz

	UE Speed 
	3kmph

	Antenna Configuration
	4Tx, 2Rx (0.5λ)

	Chanel Estimation 
	Ideal

	# of Control Symbols
	3, considered 30% overhead for all cases

	CQI feedback
	Feedback for MU same as SU, 5ms delay, feedback on all sub-bands

	Scheduler
	PF, FSS

	HARQ
	Chase, max 3 re-transmissions

	SRS
	Delay of 5 ms
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