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1. Introduction
Efficient dynamic switching between SU-MIMO and MU-MIMO is essential to obtain the benefits of MIMO. This is even more important in the context of cooperative heterogeneous networks and it thus requires an efficient CSI feedback. In Release 10, there is no support for an enhanced CQI for efficient dynamic switching; the UE CQI calculation is based on SUMIMO hypothesis. It has been shown in [1-2] that CQI based on MU-MIMO hypothesis provides significant performance gain. 

While the CQI computation at the UE is straightforward for the SU-MIMO hypothesis, the UE is unaware of the potential intra-cell interference for the MU-MIMO hypothesis. The CQI feedback without considering the intra-user interference is inefficient for MU-MIMO. We extend the principles in [1-2] to obtain MU CQI for distributed antennas.
2. MU CQI Refinement
For illustration, we consider coordination between a macro node and a pico node for joint MU transmission to a set of UEs. The transmit nodes consist of NT antennas while the UE has NR receive antennas. Let 
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 be the effective NR x 2NT channel between the UE and the distributed transmit antennas.
2.1. UE computation
Let v0 be the SU joint precoder selected by the UE corresponding to the two transmission points. Then the UE computes the MU CQI assuming that the eNB transmits 2NT-1 interference layers with all the precoders being mutually orthogonal. The resulting receiver-dependent SNR can be generally written as 
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where KTotal is the effective noise covariance matrix (including the potential intra-cell interference), and  r is the ratio of power in the signal layer to the total transmit power as assumed by the UE. 
The MU CQI calculation is the same as for SU CQI except that an intra-cell interference covariance term is added to the noise covariance as follows:
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where KN captures the inter-cell interference and thermal noise, and S is the set of interfering precoders. When v0 and S together form an orthonormal basis, the interference covariance matrix can be written as 
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which is independent of the actual precoders in S. 
With the modified covariance matrix, the SNR is calculated similarly to the SU case, depending on the type of receiver.  For MMSE receiver
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while for MRC receiver, 
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Simulation results for the homogeneous case indicate that only a few orthogonal directions are needed to obtain the MU CQI gain. For example, for 8 total antennas, 3 interfering directions are sufficient to compute the intracell interference covariance. For four antennas in total, 2 interfering directions will be sufficient. 
2.2. eNB Scheduling
The eNB (or the central controller) estimates MU SNR from the reported MCS, correcting for the actual number of scheduled layers. E.g., when grouping G UEs together for MU transmission, the eNB estimates the SNR by

[image: image7.wmf]rG

cqi

mu

SNR

SNR

)

(

=

                      



(6)
where  SNR(mu cqi) is the SNR corresponding to the reported MU-CQI.
2.3. Simulation Results

We consider a heterogeneous network consisting of 57 cells where each cell consists of a pair of macro and pico transmission points. We simulate MU transmission scheme for FTP2 traffic model. Table 1 compares MU CQI and SU CQI for configuration 1 where 25 UEs are dropped randomly across the macro area. In Table 2, the results are provided for configuration 2 where 20 UEs are dropped within 40 metres of the pico node and the remaining 10 UEs are dropped uniformly across the macro area. 
	25 UE, SUCQI
	Served thput
	Mean user

data rate
	50% user

data rate
	5% user

data rate
	Packet retransmission rate

	
	Mbps
	Mbps
	Mbps
	Mbps
	%

	2Tx, Macro
	12.89
	4.45
	2.63
	0.73
	1.37

	4Tx, Macro
	15.26
	7.08
	4.58
	1.16
	0.26

	2Tx+2Tx, Conf1
	16.97
	11.88
	8.83
	1.82
	0.05


	25 UE, MUCQI
	Served thput
	Mean user

data rate
	50% user

data rate
	5% user

data rate
	Packet retransmission rate

	
	Mbps
	Mbps
	Mbps
	Mbps
	%

	2Tx, Macro
	13.85
	5.41
	3.37
	0.84
	1.0

	4Tx, Macro
	16.04
	8.29
	5.84
	1.40
	0.12

	2Tx+2Tx, Conf1
	17.26
	12.84
	10.13
	2.03
	0.05


Table 1: Performance comparison of SU CQI and MU CQI for Configuration 1 
	30 UE, SUCQI
	Served thput
	Mean user

data rate
	50% user

data rate
	5% user

data rate
	Packet retransmission rate

	
	Mbps
	Mbps
	Mbps
	Mbps
	%

	2Tx, Macro
	13.47
	3.32
	1.85
	0.58
	2.70

	4Tx, Macro
	16.20
	4.87
	2.88
	0.84
	0.69

	2Tx+2Tx, Conf4b
	19.09
	9.66
	6.20
	1.21
	0.24


	30 UE, MUCQI
	Served thput
	Mean user

data rate
	50% user

data rate
	5% user

data rate
	Packet retransmission rate

	
	Mbps
	Mbps
	Mbps
	Mbps
	%

	2Tx, Macro
	14.97
	4.21
	2.45
	0.67
	1.73

	4Tx, Macro
	17.53
	5.92
	3.75
	1.01
	0.42

	2Tx+2Tx, Conf4b
	19.43
	10.55
	7.27
	1.40
	0.25


Table 2: Performance comparison of SU CQI and MU CQI for Configuration 4b 
We have the following observations:
1. Distributed antennas provide better gain than collocated antennas. This is expected since distributed antennas inherently are fair and therefore perform well with proportional fair scheduling.

2. MU CQI provides better performance in all the metrics compared to SU CQI. Importantly, there is a gain of about 16% in the edge throughput.
3. MU CQI performs better link adaptation as evidenced by the very low packet retransmission rate. This is expected since MU CQI takes into account intracell interference. Further, SU CQI relies heavily on outer loop CQI correction for MU-MIMO transmission. However, with non-full buffer traffic such correction methods do not work well.
3. Conclusions

We proposed a rank restricted MU-CQI feedback that is general for both heterogeneous and homogeneous networks that can work well with and without coordination between cells. Significant performance gain is observed across all network performance metrics.
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5. Appendix: 
5.1. Simulation Assumptions

	Parameter
	Assumption

	Antenna Configuration
	4 Tx eNB 0. 5  lambda XPOL per transmission point

2 Rx at UE 0.5 lambda  XPOL

	Deployment Model 
	Conf 1 and Conf 4b, 1 pico cell per macro area

	Traffic Model
	Finite Buffer, FTP traffic model 2, 0.5MB file size

	Duplex method 
	FDD 10MHz

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 sectors per site with wraparound

	UE Feedback
	Implicit 

	Feedback Granularity
	Wideband CQI/PMI report 
Subband CQI/PMI  1 Subband=5RBs

	Feedback Impairments
	Reporting period: 5 ms for PMI/CQI.   

Delay: 5 ms

	DM-RS
	Ideal

	CSI-RS 
	Ideal 

	Scheduler Type
	Proportional fair

	MUMIMO Precoder
	Zeroforcing

	Scheduling
	Based on the chordal distance between the precoders

	HARQ Scheme
	Chase Combining 

	Maximum number of retransmissions
	3

	OLLA
	On with Target BLER=20% and warm-up time=1s

	Inter-cell interference modelling
	6 strongest interfering cells are explicitly modelled.
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