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1 Introduction
Practical LTE DL MIMO deployments strongly depend on the deployed antenna configuration. Geographically-separated antenna ports represent an antenna configuration whose performance can significantly deviate from the initial design [1]-[2]. 
Geographically-separated antenna ports are used both for indoor and outdoor deployments. One example of an indoor deployment is a distributed antenna system where multiple antenna ports are located in an interleaved manner, creating the so called “interleaved distributed antennas system” [3]. This type of deployment is a cost effective strategy ensuring both coverage and capacity. An example of an outdoor deployment is a base station consisting of several geographically-separated Radio Resource Units (RRUs), connected to a common base-band processing unit (also known as CoMP scenario 4). 
The LTE MIMO codebooks were designed tacitly assuming co-located transmit antenna ports, resulting in balanced received powers from all transmit antenna ports. However, in the case of geographically-separated transmit antenna ports, a receiver close to one of the transmit antenna ports while far from others observes a very large difference of the received signal powers from the different transmit antenna ports. Reference [1] stated that the received power imbalance over a MIMO channel deploying geographically-separated antennas can result in a considerable throughput loss compared to a co-located antenna scheme even if the received signal power of a nearby one antenna port is considerably high. 
Besides geographically-separated transmit antenna ports, there are other real-life implementation and deployment scenarios which can result in non-balanced received power. For example, the human body can cause RX power imbalance at the UE [4] with one or several receive antennas. Another example of RX power imbalance is using different types of polarization between transmit and receive antenna ports. Regardless of the source of the imbalance, the consequence is that magnitude of some eigenvalues of the MIMO channel matrix are decreased, resulting in reduced channel capacity. When the RX power imbalance is sufficiently large (5-10 dB), some eigenvalues are reduced to the noise level, meaning that the rank of the MIMO channel is decreased. Thus the RX power imbalance can be defined as a general problem related to the rank adaptation in closed-loop MIMO systems.
In Section 2, some evaluation results show the effects of RX power imbalance on the estimated rank distribution at the UE using LTE MIMO codebooks. Based on these results, several thoughts to enhance the throughput of the system when this imbalance happens are given in Section 3.
2 Estimated rank distribution
The UE determines the rank of the estimated channel by calculating the CQI for each precoding matrix from the set of predefined codebooks, where each codebook corresponds to a different transmission rank. The index (PMI) of the precoder producing the best CQI is transmitted to the eNB along with the rank of the codebook to which the PMI refers. The rank, the PMI and the CQI are usually jointly denoted as Channel State Information (CSI). The CSIs from different active UEs are used by the eNB to select the most appropriate UE or UEs to be served (scheduled) in the next available transmission time interval. The CSI also provides the eNB a reference to determine the optimum transmission and precoding parameters to the UEs chosen to be served. 
Figure 1 and Figure 2 show the rank distribution probability as a function of SNR without a received power imbalance and with a 10 dB power imbalance, respectively, in a 2x2 MIMO system operating over a TU-channel as defined in [1]. Conventional LTE 2TX codebooks are used for this purpose. SNR is defined as signal to noise ratio related to total transmitted power. Simulation assumptions are listed in the appendix. 
Figure 2 shows that a received power imbalance causes a reporting of reduced rank because MIMO channel matrix becomes rank-deficient, which concurs with the expected loss of spatial multiplexing gain observed in the MIMO channel capacity. Thus, rank one (or generally a low rank) reporting and transmission happens more often in with RX power imbalance. One can expect that rank one (or lower rank) reporting reduces the throughput compared to the co-located antenna scheme when the received signal for one TX antenna is considerably higher as shown in the following figure. 

[image: image1.emf]0 4 8 12 16 20

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

2Tx-2Rx no antenna imbalance TU-channel

SNR (dB)

rank distribution probability

 

 

rank1

rank2


Figure 1: Rank distribution when there is no antenna RX power imbalance.
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Figure 2: Rank distribution with an antenna RX power imbalance of 10dB.

The resulting throughput loss for different values of RX power imbalance is shown in Figure 3 for a 2x2 MIMO system with a SNR=12dB. A 10 dB imbalance results in a throughput loss of 62% for 12 dB SNR.
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Figure 3: Throughput degradation for different values of RX power imbalance for a SNR of 12 dB.

When reduced rank is computed and reported, the overall CSI is affected. Consequently, the data transmission parameters mentioned earlier which are computed based on reported CSI will be negatively affected, as shown in Figure 3. 
3 Some initial ideas how to mitigate the RX power imbalance
The equivalent propagation channel seen at the receiver for a 2x2 MIMO system, in the case of antenna imbalance, can be written as 
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where 
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 denotes the relative attenuation or RX power imbalance between propagation paths from first and second transmit antenna ports while 
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 denotes the small-scale fading channel coefficient between receive antenna 
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and transmit antenna 
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This equation suggests that the equivalent propagation MIMO channel can be decomposed into the product of two matrices, one modelling small-scale fading coefficients and the other one modelling large-scale fading. 

This equivalent channel is seen at the receiver for both demodulation and measurements.

Once the RX power imbalance is reported to the eNb, the transmit power at eNb can be adjusted in a way that overall equivalent propagation path seen at the receiver becomes balanced. When attenuation is compensated, the equivalent channel seen at the receiver will be the same as the initial channel without the imbalance, i.e., 
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This compensation must be considered over data transmission to achieve desired performance as data demodulation is affected by this imbalance. 

Besides the measurement and reporting of the RX power imbalance, the UE should estimate and report the CSI value corresponding to the compensated, i.e. reconstructed channel 
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(so-called reconstructed CSI). Without the feedback of reconstructed CSI, the eNb would not be able to determine the appropriate transmission rank, even if the transmit power at the eNb is correctly adjusted for the data transmission. The reconstructed CSI calculated by the UE is an indication of the highest rank which eNB should use for the transmission if the received powers of data symbols transmitted from  different antenna ports are balanced. This information is of vital importance for the eNB to select the appropriate coding, modulation and rank for subsequent transmission. How the eNB would use reconstructed CSI for that purpose is a proprietary information, the same as in the case of ordinary CSI. The eNB may also consider the option of antenna selection, especially for very large imbalance.
4 Conclusions
We have analysed the estimated rank distribution in the LTE DL closed-loop MIMO transmission over a TU-Channel with received power imbalance. The received power imbalance is assumed to be consequence of geographically-separated transmit antenna ports, although the results are independent of the source of the RX power imbalance. A consequence of this power imbalance is that the LTE MIMO channel becomes rank-deficient and low rank reporting based on the LTE DL MIMO codebooks happens more often. This impacts considerably achievable throughputs.
It seems that the problem can be significantly mitigated if the UE measures and reports to the eNB the RX power imbalance, as well as the reconstructed CSI estimated in the UE, which eNB then uses to adjust its transmission parameters.
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Appendix A. Simulation assumptions

Simulation assumptions use to achieve reported results are as the following: 
	Simulation assumptions

	Number Tx Antennas
	2

	Number Rx Antennas
	2

	Channel Estimation
	ideal

	Processing gain related to channel 
	0 dB

	Channel Model
	TU

	CQI delay
	4 msec

	UE speed 
	3 km/hr

	Simulated rank 
	Rank adaptation is used 

	Number of RBs
	4

	Target HARQ termination
	10% BLER after first transmission

	HARQ process
	IR

	Number of CRS ports
	2

	CSI-RS
	No

	Feedback type
	3-1

	Power imbalance
	0, 10 dB

	Transmission mode
	9
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