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Pairing scheme for MU-MIMO for 16m system
FUJITSU

1. Introduction

16m SRD [1] required that MU-MIMO should be supported in the system. The key point for codebook based MU-MIMO is to compute the best CQI and corresponding precoding vector index. Since each terminal can’t obtain the channel matrix for other terminals when deciding the best codewords and CQI for itself, the inter-user interference can’t be controlled efficiently. In this proposal, new feedback and precoding scheme is designed to improve the inter-user interference effect in MU-MIMO mode.
2. Issue in precoding design for MU-MIMO

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 vector except of its own. In this case, the CQI is heavily underestimated, so that the whole multiple user throughputs can not be utilized sufficiently. 

On the other hand, for non-unitary precoding, the CQI is calculated as:


[image: image2.wmf][

]

2

2

2

2

2

2

,

,...

1

,

2

max

arg

k

k

k

k

k

j

k

i

k

P

j

i

k

CQI

thrd

j

i

F

H

F

H

F

H

F

H

F

F

F

+

=

÷

÷

÷

ø

ö

ç

ç

ç

è

æ

+

=

<

Î

s

s

r


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 capacity.


From the above description on existent MU-MIMO precoding schemes, the common feature is to compute the best CQI and feedback it and corresponding precoding vector index. All these schemes either overestimate the interference for unitary precoding, or cause possible mismatch when blindly selecting users for non-unitary precoding. In this case, new precoding scheme need to be designed for accounting for these issues.
3. Limited feedback transmission
Suppose the number of TX antennas at the BS is N, each user has single Rx antenna (which can be generalized to multiple receiver antenna), and the codebook consists of L unitary or non-unitary codewords,
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To begin with, we suppose that the number of stream for each user is 1, which also can be generalized to more than rank 1.  Here, we propose that each user feedback two groups of parameters, the maximum SNR and corresponding codeword index, and the minimal SNR and corresponding codeword index, which can be generated according to the following:
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In other words, 
[image: image5.wmf]k
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is the codeword user k most expects, 
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is the codeword user k hopes the other user to use. The two kinds of CQI reflect the real channel gain and real interference power.

The feedback can be controlled by two methods, one of which is to simply feedback two code indices in the same codebook as in the conventional scheme, in order to get better performance; the other method is to select these two codes from small-size codebook, for example, if conventional scheme uses 6 bit codebook as in [3], we can use 3 bit codebook, in this case, we can keep the total feedback the same as in SU-MIMO and other schemes.
4. BS scheduling
At the BS, there exist three possible cases in terms of codewords pairing:

1. Perfect matching

In this case, there exist two users whose codewords are matching to each other:
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The real SNR for each user can be easily shown as:
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Here, we suppose that each user can get half of the total transmission power. Then we can decide the appropriate MCS level for each user based on SNR value according to some mapping methods, such as EESM, MMIB or RBIR.
2. Half matching
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Suppose that we first consider 
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which can be generalized to
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. But
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, the codeword user k expects user j to use, is not equal to
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, the codeword that user j expect, i.e,
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BS can decide user k use codeword
[image: image15.wmf]k
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, but the codeword for user j is selected upon the following rules:

· Rule 1: Select user j when codeword correlation is greater than some predefined threshold 
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· Rule 2: if Rule 1 is satisfied, BS simply decides the codeword for user j as 
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In this case, the effective SINR for user k can be precisely estimated by:
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On the other hand, the SINR for user j can be described as:
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Here, the estimation of 
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The scalar 
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 and 
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can be shown as:
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Where, 
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In the same way, the appropriate MCS level can be selected based on the calculated SNR value.
3. non-matching

BS simply select one user with highest CQI to transmit, in which case, SU-MIMO is used.
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With these cases, the BS can easily decide to use SU-MIMO or MU-MIMO, and the corresponding data rate or MCS level for the user in SU-MIMO, or users in MU-MIMO.
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.2.2.1 UL feedback design

Each terminal should feedback the codewords indices and the corresponding CQI, where, the codeword indices are selected, including the one leading to maximizing SNR, and the other(s) leading to minimizing SNR, for the codebook.
11.x.2.2.2 DL precoding schemes

BS should select the users based on the codewords, i.e., grouping users with codewords matching, in MU-MIMO case, or select one user if there is no matching between codewords.
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