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1 Introduction

In the RAN-1 meetings during Rel.10 and Rel.11, CQI/PMI reporting enhancements targeting DL MU-MIMO opera-

tions were considered by several companies [1]. In the last RAN1 meeting (RAN1#72), the following has been agreed

as the working assumption [2].

- A new aperiodic PUSCH feedback mode is supported in Rel.12 with following feedback

o CQI and rank feedback bit size as in PUSCH Mode 3-1 in Rel 10
o A wideband PMI

* 2 Tx: 0 bit
* 4 Tx: FFS with the consideration of codebook enhancement in Rel. 12 not excluding 0 bit wideband

PMI
* 8 Tx: 4/4/2/2/2/2/2/0 bits for rank 1-8 respectively

o Per subband PMI(s)
* 2Tx: 2/1 bits for rank 1 - 2
* 4Tx: FFS with the consideration of codebook enhancement in Rel.12
* 8Tx: 4/4/4/3/0/0/0/0 bits for rank 1 - 8 respectively

- Use Rel 10 W=W1W2 codebook structure for 4 antenna feedback for DMRS based TMs

- The following are for further study and evaluation:

o Subband size
o Detailed W1 and W2 structures, e.g. W1 corresponds to a long term and/or wideband channel properties

and W2 corresponds to a short-term and narrowband channel
o Additional information in the CSI reports for this new feedbsack mode

* For example CSI feedback enhancements targeted at improving MU performance

In this contribution, we discuss CSI feedback enhancements that target an improvement in DL MU-MIMO perfor-

mance. The codebook enhancement is treated in our companion contribution [3]. We would like to note that alternate

CSI enhancements such as those proposed here can provide competitive gains with less feedback overhead.

2 DL MU-MIMO Enhancement Schemes

We first recap the simple enhanced channel state information (CSI) reporting schemes presented in [4, 5].

2.1 Enhanced MU-MIMO operation via Residual Error Norm Feedback

Under this scheme when configured by the eNB, the user reports SU-MIMO CSI plus a residual error term.

The eNB can configure a user (to report the additional feedback) in a semi-static manner. We consider a simple form

of residual error referred to as the residual error norm. Using SU-MIMO rules the user of interest first determines
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the SU-MIMO CSI comprising of a PMI V̂ of some rank r along with r quantized SINRs { ˆSINR
i}r

i=1. The residual

error norm is determined by the user as ε̃ =
√

tr (FH†PHF†), where tr(.) denotes the trace operation, H† denotes

the channel matrix seen in the DL by the user of interest and F denotes the filter matrix it computes for SU-MIMO

CSI generation and P = (I − V̂V̂†) is a projection matrix. Note that ε̃ represents the residual total energy in the

component of the filtered channel that lies in the orthogonal complement of the reported precoder V̂. The user reports

the usual SU-MIMO CSI along with the residual error norm ε̃ or a normalized residual error norm ε computed using

ε =
√

tr
(
FH†PHF†D̃−1

)
, where D̃ = diag{ ˆSINR

1
, · · · , ˆSINR

r}. The eNB can use the residual error norms reported

by the users to determine accurate SINRs for any choice of user pairing in MU-MIMO. To achieve this, consider the

case when the pairing includes the user of interest. The eNB employs a finer approximation of the filtered channel

matrix (FH†) of the user given by FH† ≈ D̂1/2(V̂† + R†Q†), where Q ∈ ICM×M−r is a semi-unitary matrix whose

columns lie in the orthogonal complement of V̂, i.e. Q†V̂ = 0 and R ∈ ICM−r×r is a matrix which satisfies the

Frobenius-norm constraint ‖R‖2F = ρ
r ε2, where ε > 0 is the normalized residual error norm reported by the user and ρ

denotes the energy per resource element (EPRE) or equivalently an average transmit power bound configured for that

user, while D̂ = r
ρdiag{ ˆSINR

1
, · · · , ˆSINR

r}. Then, suppose the transmit precoder selected by the eNB, U, is parsed as

U = [U, Ū], where Ū includes columns of the transmit precoder matrix intended for the other co-scheduled (paired)

users. For a well designed transmit precoder, the eNB can make the reasonable assumption that U (almost) lies in

the span of V̂ whose columns represent the preferred directions along which the user wishes to receive its intended

signal (so that Q†U ≈ 0). Accordingly, a model more tuned to MU-MIMO operation can be obtained in which the

channel output seen by the user of interest post MU-MIMO scheduling is modeled as

y = D̂1/2V̂†Us + D̂1/2(V̂† + R†Q†)Ūs̄ + η, (1)

The model in (1) accounts for the fact that the component of Ū in the orthogonal complement of V̂ can also cause

interference to the user. Notice that when only SU-MIMO CSI along with the normalized residual error norm is

reported by the users, in the model in (1) the eNB can only infer that the semi-unitary matrix Q lies in the subspace

determined by I− V̂V̂† and R is also not known except for the fact that tr(R†R) = ρ
r ε2. In [7] we describe how the

eNB can utilize the model in (1) for more accurate MU-MIMO SINR computation.

2.2 Enhanced MU-MIMO operation via MU-MIMO CQI/PMI

Under this scheme the user itself assumes a post-scheduling model of the form

y = H†V̂s + H†Ūs̄ + η, (2)

where V̂ denotes the precoder under consideration (or determined a-priori using SU-MIMO rules) and Ū is assumed

by the user to be isotropically distributed in the range of I − V̂V̂†. Then, to compute MU-SINRs the user can be

configured to assume a particular number of columns in Ū with an equal power per scheduled stream or to assume a
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non-uniform power allocation in which a certain fraction of EPRE is shared equally among all columns of U with the

remaining fraction being shared equally among all columns in Ū [6].

3 Discussions

The simulation results for the proposed schemes were presented in [5]. It is seen that about 4% to 5% gain can be

obtained with enhanced feedback of normalized residual error norm or MU-CQI in addition to the Rel-10 SU CSI

reports with feedback mode 3-1, i.e., a wideband PMI feedback. The enhanced feedback can also be multiplexed with

the ones in which UE reports only its SU-MIMO CSI feedback. The periodicity and offset of the sub-sequence formed

by reporting instances designated for enhanced feedback within the sequence for CSI reporting can be configured by

the eNB, based on factors such as user mobility. For example, at a high level the procedure can be

• For the reporting instance designated for only SU-MIMO CSI feedback, UE reports its preferred precoder matrix

V̂ and the corresponding quantized SINRs (determined using SU-MIMO rules).

• For reporting instance designated for enhanced feedback, the UE can first determine its SU- MIMO CSI com-

prising of a precoder V̂ and corresponding SINRs using SU-MIMO rules. The UE then uses V̂ and D̃ (formed by

the corresponding quantized SINRs) to determine the residual error feedback or MU-CQI described above. The

particular feedback form is FFS. The user can then report its SU-MIMO CSI along with the particular feedback

form. Differential feedback can be exploited in reporting the SU-MIMO CSI and the enhanced feedback.

The multiple CSI processes defined in Rel-11 can also be utilized to implement the enhanced feedback. We note that

the RI-reference CSI process has been specified in Rel-11. Here we can reuse this concept and define a reference CSI

process for enhanced CSI feedback. The eNB can configure a CSI process designated for only SU-MIMO CSI feedback

as a reference CSI process. Then, for the CSI process designated for enhanced feedback, UE can compute and send

only the enhanced feedback based on the PMI and CQI information, i.e., V̂ and D̃, obtained from the reference CSI

process.

4 Conclusions

In this contribution, we considered enhancements to the DL MU-MIMO operation by enhancing the user CSI reporting

which enables more accurate MU-MIMO SINR computation at the eNB. We would like to propose the following for

DL MIMO enhancement:

Proposal 1: Discuss signaling for CSI feedback enhancement for improving MU performance via ad-

ditional feedback of normalized residual error norm or MU-CQI.
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