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Unified feedback design for SU-MIMO and MU-MIMO for 16m system
FUJITSU

1. Introduction

16m SRD [1] required that SU-MIMO and MU-MIMO should be supported in the system. When we design a system in the case of SU-MIMO, the optimization criterion is to find the best codewords, in terms of minimizing cross-stream interference, which can be precisely controlled when the terminal obtain the channel information by pilot estimation. However, in MU-MIMO case, the interference comes from the signals sent to other users by the same BS, or different BS, and also the difficulty to control inter-user interference is that the terminal cannot estimate the channel between the BS and other terminal. Therefore, the optimization criterion is to select users and codewords optimizing the worse case, i.e., assuming that all other codewords are used by other users (MU-MIMO with more than 2 users), or the codeword with leading to maximizing interference is used by other user (MU-MIMO with 2 users). Comparing these two cases (SU-MIMO and MU-MIMO), we can find that the design strategy caused by different optimization criterion will lead to different feedback requirement. In this paper, we propose a unified feedback signal design which supports both SU-MIMO and MU-MIMO transmission.
2. Issues when supporting both SU-MIMO and MU-MIMO in system

When we consider codebook-based MU-MIMO technique, the key point is to calculate the CQI and the best codeword for each user. The selected codeword and corresponding CQI can be calculated as in the case of the unitary matrix-based codebook:
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Note that the CQI computation includes all interference from other precoding vectors except of its own. In this case, the CQI is heavily underestimated, so that the whole multiple user throughputs have not been utilized sufficiently. 

On the other hand, for non-unitary precoding, the CQI is calculated as:
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Although, CQI computation has already considered the interference from other user in advance, the base station may use different codeword, other than the one in CQI calculation. Therefore, the CQI computation may possibly mismatch with the realistic condition.
However, in SU-MIMO case, when using spatial multiplexing, the CQI calculation should consider the detector at the receiver, such as MMSE, ZF or MLD. The CQI calculation for MMSE receiver is [2]:
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where W is the MMSE weight matrix, D is the desired signal components after MMSE weighting, i.e., D=diag[WHH], H is the channel matrix, Iself = WHH-D. No inter-cell interference is considered in the above equation. 

     On the other hand, we can use close loop SU-MIMO as well. Then the equivalent channel after precoding is H’=HFk, Fk is the precoding matrix. The Fk is selected by some optimization rule, such as maximizing throughput criterion:

[image: image4.wmf][

]

(

)

(

)

(

)

k

H

k

k

M

i

kk

H

self

self

H

ii

H

k

k

diag

diag

HF

I

I

HF

HF

W

I

I

W

W

DD

F

2

0

1

2

2

0

1

2

0

2

2

0

)

]

[

1

log(

max

arg

s

s

s

s

s

s

-

=

+

=

÷

÷

ø

ö

ç

ç

è

æ

+

+

=

å


From the above description, it can be seen that the precoding matrix selection methods for MU-MIMO and SU-MIMO are different. With multiple receiver antennas at each terminal, the base station can select only one user to transmit for each time slot with rank greater than one in SU-MIMO case, or select multiple users for each time slot for multiplexing spatially, each user with rank one, in MU-MIMO case. Without explicit information from BS, the terminal cannot decide what should be fed back.

3. Limited feedback transmission
In order to facilitate adaptive switching between SU-MIMO and MU-MIMO at the BS, the feedback mechanism should be well designed. Here, we introduce one kind of scheme to solve feedback issue. To begin with, we give the PVI and CQI computation criteria for the SU-MIMO case as following (suppose 4 Tx at BS and 2 Rx at the terminal):
1. Select the codeword from the codebook:
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where, 
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 is the precoding matrix. And the terminal detects the signal with linear ZF or MMSE algorithm, so we can get:
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where, 
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The SINR can be computed as:
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   Note that these two SINR values actually reflect the signal quality for each data stream with ZF or MMSE receiver, therefore decide their supportable data rates. The codewords are selected to maximize the following sum rate (which can be extended to weighted sum rate when considering fair criteria between users.):
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2. Each terminal feedback the selected codeword indices and the corresponding CQIs as shown in the above equation. Generally, the codeword has two columns, with each column representing one weight vector for one data stream. 
4. BS scheduling
After receiving the CQIs and PVIs sent by terminals, the BS should decide whether SU-MIMO or MU-MIMO mode should be selected in terms of maximizing sum-rate or weighted sum-rate. Here, we show the decision procedure in terms of maximizing sum-rate (suppose there are totally K users):
a. In the case of SU-MIMO, the user selected should be as follows:
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which means the scheduler selects the user with maximum link capacity.
b. In the case of MU-MIMO, firstly, pairing two users according to the following pairing rule, suppose there are two users i and j:
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In this case, the codewords are known to both users, the real SINR for each user, accounting for cross interference, is just as:
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 EMBED Equation.3  [image: image14.wmf](
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in this case, the sum-rate is:
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Here, note that the SINR for the selected user should be the better one between two SINRs from that user.
c. Switch between SU-MIMO and MU-MIMO depending on:
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Once the transmission mode (SU-MIMO or MU-MIMO) is decided, the BS should broadcast the decision to the relevant users. In detail, if BS decides SU-MIMO, then the scheduled SS identity, data rate for each rank and PVI index should be transmitted to that user. However, if BS decides MU-MIMO, then the scheduled SS pair identity, data rate for each user and PVI indexes should be transmitted to that pair of users.
In order to switch smoothly between SU-MIMO and MU-MIMO mode, the codebook should be designed unified, i.e., taking the above 4x2 example, the precoding matrix (having 2 columns) for SU-MIMO case with rank 2, can be used as the codewords for MU-MIMO case, where each column is used as a precoding vector for one user.
5. Text proposal
Insert the following text into SDD Sections indicated below
---------------------------text start-----------------------------
11. x Advanced multiple antenna technique
11.x.1 SU-MIMO technique
11.x.1.1 Open loop
11.x.1.1 Closed loop
11.x.2 MU-MIMO technique
11.x.2.1 Non-codebook based Precoding
11.x.2.2 Codebook based precoding


11.x.2.2.1 UL feedback design

11.x.2.2.2 DL precoding schemes 

11.x.2.2.3 DL signaling design 
11.x.3 Cooperative MU-MIMO technique

11.x.4 Unified SU/MU-MIMO technique

11.x.4.1 Unified codebook for SU-MIMO and MU-MIMO. 
11.x.4.2 Feedback design
11.x.4.1 Unified codebook for SU-MIMO and MU-MIMO
To facilitate adaptively switch between SU-MIMO and MU-MIMO, and also to decrease the necessary codebook table for SU-MIMO and MU-MIMO, the codebook design should consider unified structure both for SU-MIMO and MU-MIMO. The precoding vectors for MU-MIMO can be one or more column(s) extracted from the precoding matrix for SU-MIMO. 
11.x.4.2 Feedback design

with multiple streams receiving capability, Each terminal should feedback the codeword indices and corresponding CQIs, where codewords are selected from the codebook based on the receiver structure in terms of some metric, such as maximizing throughput, and the corresponding CQIs for each stream.
---------------------------------text end---------------------------
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