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1 Introduction
It was agreed in RAN1#59bis that switching between SU and MU-MIMO transmission is possible without RRC configuration. This means SU and MU transmission can be supported with the same DCI format and the same UE feedback mode should support both SU and MU without any prior hypothesis on the transmission mode. 
It is obviously beneficial to re-use the existing RI/PMI/CQI framework through HSPA to LTE in LTE-Advanced, to ensure backward compatibility, RAN4 testability, consistent and smooth evolution of 3GPP releases. In the previous contributions, a simple PMI/CQI feedback solution to support MU-MIMO has been discussed in e.g. [7], which shows comparable performance with explicit feedback while avoiding the high feedback overhead. In a nutshell, rank-1 or rank-2 PMI/CQI (in the context of SU-MIMO) is reported to enable regularized ZFBF MU-MIMO. 
To further enable dynamic SU/MU switching, an enhanced multi-rank RI/PMI/CQI feedback scheme is proposed in [9].  In this contribution, system-level simulation results of the proposed multi-rank feedback scheme are presented. 

2 Multi-rank PMI/CQI Feedback 

2.1 UE Feedback

An overview of the multi-rank PMI/CQI feedback scheme in [9] is summarized in the following. Two sets of PMI/CQI are reported.
· Rank-r PMI/CQI, including the preferred RI (r), and rank-r PMI/CQI. This is  used for SU-MIMO scheduling. 
· Rank-1/2 PMI/CQI, comprising of PMI/CQI of a specified rank (e.g. rank-1 and/or rank-2) for MU beamforming. Upon receiving the rank-1 SU PMI/CQI from multiple users, eNB performs MU-MIMO scheduling with regularized zero-forcing beamforming (ZFBF). 

In case the preferred rank-r for SU–MIMO is equivalent to 1 or 2 (as for MU-MIMO), only SU-MIMO CQI/PMI is reported. This is a special case of and the UE feedback is exactly the same as in Rel-8/9. 
2.2 SU/MU Switching 

A block diagram of eNB processing for dynamic SU/MU MIMO switching is depicted in Figure 1. 
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Fig. 1:  eNB scheduling procedure with multi-rank PMI/CQI feedback
For SU-MIMO 
· The rank-r RI/PMI/CQI report is used to for SU-MIMO as in Rel-8/9.
For MU-MIMO 
· For each hypothetical pair of UEs, MU beamforming with ZFBF is derived as 
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is a regularization factor (e.g. a heuristic function of the geometry/SNR or a constant), and Vi is the rank-1 PMI of the i-th user. The MU beamforming vector for the k-th UE is the normalized k-th column of F.  
· Link adaptation is based on scaled CQI, based on the UE feedback. The reported rank-1 SU-MIMO CQI is scaled for link adaptation, factoring in the specific beamforming method and conjectured residual interference. One example of MU CQI prediction is given by


[image: image5.wmf]2

F

2

2

12

1

2

F

1

2

11

1

1

||

F

||

/

)

n

2

/(

CQI

1

||

F

||

./

)

n

2

/(

CQI

CQI

b

´

+

b

´

=

,                                                                 (1)

where 
[image: image6.wmf](

)

(

)

j

,

i

1

j

,

i

)

I

V

'

V

(

V

'

V

-

r

+

=

b

, CQI1 is the SU CQI report from UE 1, and n is a heuristic CQI backoff. For rank>1 per UE in MU-MIMO, ZFBF can be similarly performed by concatenating the PMI report while treating the other paired UE as interference source.
· Similar to Rel-8, it is possible for the eNB to semi-statically configure the nominal PDSCH-to-RS EPRE offset to fine tune the CQI report. Note that it may be possible to further improve the predictor in equation (1) such that it performs closer to post-beamforming CQI. This predictor is simply used to demonstrate that a reasonably simple yet good predictor exists. Various other CQI processing algorithms have also been shown ([5]). Nevertheless, this remains an implementation issue and not standardized.
· The above procedure is repeated for each possible user pair to find the optimal user paring combination.
3 Explicit Covariance Feedback 
A transmit covariance based feedback is chosen for the purpose of evaluation for explicit feedback. SLR beamforming is selected for DL MU. In addition to the transmit covariance matrix, the noise-and-interference needs to be separately reported in order to perform accurate precoding matrix computation and link adaptation. In contrast, for implicit PMI/CQI, noise and interference requires no additional feedback since it’s implicated imbedded in the PMI/CQI calculation.
 For rate adaptation, the MCS of each user is based on the post-BF SNR estimation given in [8]:
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(2)
where No is the average received noise-and-interference power per receive antenna. 

It is understood that SLR is not able to completely pre-cancel the inter-user interference at the eNB. Hence, additional UE processing is needed to mitigate the residual interference. 
4 Simulation Results
Dynamic SU/MU switching based on sum throughput is assumed through the simulation. All throughputs are properly scaled to reflect proportional fairness. Evaluation is provided for implicit multi-rank PMI/CQI feedback and explicit covariance feedback with SLR and BD beamforming. Scheduling is modeled such that the MCS level of the 1st transmission has a 10% target BLER rate, given a SNR estimate based on the CSI feedback.
· Implicit feedback:  
· Multi-rank PMI/CQI feedback with rank-r PMI/CQI and rank-1 PMI/CQI is assumed.  
· Subband report is assumed with a subband size of 5RB. 
· Explicit feedback: 
· The covariance matrix (in each sub-band) is first normalized by the entry with the largest amplitude, which is quantized with 6-bits. After normalization, the 4 diagonal and 6 off-diagonal components of the 4x4 Hermitian covariance matrix are reported.  For the 6 off-diagonal elements, the phase and amplitude of each element are quantized with N-bits respectively. For the 4 diagonal elements, only the amplitude is quantized with N-bits. 
· Any negative eigen-value due to quantization is removed, to ensure that the quantized covariance is positive semi-definite. 
· A sub-band noise-and-interference power No is reported with 6-bit, using a CQI-like feedback.
A comparison of the feedback overhead is given in Table 1. Ignoring interference + noise information, explicit feedback requires significant more overhead when N=4 bits quantization are used.
	Explicit Covariance
	Implicit CQI/PMI

	5 Channel (H’H)

· (6 + Nt*N + 2N * Nt * (Nt-1)/2 ) * 10 subbands =  10N * Nt^2 + 60

· Noise-and-interference (No): 6 * 10 subbands = 60 bits

Total overhead = 10N * Nt^2 + 120bits

· 4TX:  760 bits
· 8TX: 2680 bits


	6 Upper bound: 

· (4+4) * 2 * 10 + (4+4 + 2) * 10 = 260 bits

· Including subband PMI and subband CQI

When preferred SU-PMI is rank-1, the overhead is reduced to 160 bits


Table 1: Feedback overhead per UE
The cell-edge and average throughput distribution is plotted in Figure 2 and tabulated in Table 2. With practical quantization modeled, implicit PMI/CQI feedback outperform explicit covariance feedback with SLR precoding. Explicit BD has only 5% throughput gain over implicit RI/PMI/CQI at the cost of significantly increased overhead.
	Throughput
	Implicit RI/PMI/CQI
	Explicit –BD
	Explicit SLR

	Average
	2.669 (0.0%)
	2.806 (5.1%)
	2.087 (-21.8%)

	Cell-edge (5%)
	0.072 (0.0%)
	0.076 (5.5%)
	0.052 (-27.7%)


Table 2: Cell-edge and Cell average Spectral Efficiency
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Fig. 2: Per-user spectral efficiency (bps/Hz) distribution

5   Conclusions
In this contribution we compared the performance of multiuser beamforming with different feedback schemes. An enhanced multi-rank PMI/CQI feedback scheme is proposed to enable dynamic SU/MU switching with implicit RI/PMI/CQI framework compliant with the previous 3GPP release. With practical quantization, it is observed that implicit CSI feedback shows comparable performance to explicit CSI.
Considering other factors including standard impact, feedback overhead, testability and implementation simplicity, implicit CSI feedback appears to be more attractive compared to explicit CSI feedback.
References

[1] TR 36.814 v.1.5.1,  Further advancements for E-UTRA: Physical Layer Aspects.

[2] R1-094442, On Feedback in support of DL multi-antenna transmission, Ericsson, ST-Ericsson, RAN1#59, Jeju, Korea, Nov. 2009.

[3] R1-094655, Performance of explicit and implicit feedback in supporting DL multi-antenna transmission, Nokia, Nokia Siemens Networks, RAN1#59, Jeju, Korea, Nov. 2009.

[4] R1094458, On downlink single cell MU-MIMMO in LTE-A, Research in Motion, RAN1#59, Jeju, Korea, Nov. 2009.

[5] R1-094241, Views on single-cell CSI feedback enhancement for MU-MIMO in LTE-Advanced, NTT DoCoMo, RAN1 #58bis, Miyazaki, Japan, October 2009. 
[6] R1-094613, Best companion reporting for single-cell MU-MIMO pairing, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, RAN1#59, Jeju, Korea, Nov. 2009.

[7] R1-095019, Downlink MU-MIMO and related feedback support, Texas Instruments, RAN1#59, Jeju, Korea, Nov. 2009.

[8] R1-093958, Downlink MIMO with spatial covariance feedback – overview and signaling, Motorola, RAN1 #58bis, Miyazaki, Japan, October 2009.

[9] R1-100454, Dynamic SU/MU switching with multi-rank implicit feedback, Texas Instruments, RAN1#59bis, Valencia, Spain, January 2009.


Table 2: Simulation Assumptions 
	Parameters
	Setting

	Bandwidth
	10 MHz

	Antennas Configurations
	eNB: 4TX ULA with 0.5L spacing

UE:   2TX ULA with 0.5L spacing

	UE Speed
	3 kph

	Channel model
	ITU urban micro

	Feedback cycle
	5 ms

	Feedback frequency granularity
	5 RB

	BLER target for 1st transmission
	10%

	Scheduling delay
	5 ms

	UE receiver
	MMSE w/ IRC

	Codebook
	Rel-8 

	SU/MU switching
	Dynamic SU/MU switching,  per subband, per subframe

	Number of UEs per cell
	10





































































































[image: image1.emf]Rank-r PMI/CQI

(for SU-MIMO)

Rank-1 PMI/CQI

(for MU-MIMO)

UE Feedback

SU-MIMO 

Scheduling

MU-MIMO 

Scheduling

SU/MU

switching

eNB

_1321967608.vsd
Rank-r PMI/CQI
(for SU-MIMO)


Rank-1 PMI/CQI
(for MU-MIMO)


SU/MU

  switching


UE Feedback


SU-MIMO Scheduling


MU-MIMO Scheduling


eNB



_1324646574.unknown

_1324722327.unknown

_1322051732.unknown

_1316007146.unknown

_1316125778.unknown

_1316007019.unknown

