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Intel Corporation
Introduction
Downlink MU-MIMO is important technology for 16m, however the details of schemes have not been intensively discussed in RG and IEEE meeting. The MU-MIMO design is crossed with codebook design, and CQI/CSI feedback design. It’s better to have clear understanding of MU-MIMO schemes that are suitable for 16m.
In current SDD text, it said “If dedicated pilots are used, the form and derivation of the assembled precoding matrix can be either standardized or vendor-specific. If the columns of the assembled precoding matrix are orthogonal to each other, it is defined as unitary MU-MIMO. Otherwise, it is defined as non-unitary MU-MIMO”

Both unitary and non-unitary MU MIMO schemes are supported in current SDD. The precoding matrix can be either standardized or vendor-specific, however the CQI/CSI estimation are different for MIMO schemes, which should be standardized, and the corresponding MIMO schemes should be addressed in the standard.
In this contribution, we propose two MU MIMO schemes, one is unitary predefined MU MIMO which is suitable for uncorrelated channel, and the other is to use the Mutiuser Zero-forcing (MUZF), which is suitable for correlated channel.
Proposals of MU MIMO
Unitary predefined MU MIMO

· Introduction

It is unitary predefined precoding MU MIMO and is the extention of SU OL random beamforming.to MU MIMO.

Precoding V is predifined at the each subband, which can be different at different subband. Semi-static changing the V matrix is possible according to the user statistic infomation. 

Both pilot and data are precoded by the same predefined precoder. The CQI estimation is based on the precoded pilot (effective channel). MS reports the CQI of preferred spatial stream among all the streams.

According to the CQI from MS, BS does user scheduling and selects the paired users with the maximum of sum rate for data transmission with the constraint of fairness. 

By this method, CSI feedback is not required, which reduces lots of overhead. When user number is large, the performance approaches the close loop MU MIMO. The simple method also reduces the complexity at both MS and BS side.
· Transmit signal
Ns is the total number of spatial streams supported in the subband (most of the time, it equals to the number of the predefined V vectors for the subband)
Nm is the number of transmit antennas, and Ns is the number of supported streams (Ns <= Nm), and Nu is the number of users allocated to the subband (1<=Nu<=Ns)

The Nr stream data   
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 from Nu users first are multiplexed into Ns streams with some holes if Rank < Ns. 
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 define the map from Nr stream data to Ns streams, and if 
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The transmitted signal is
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When it is equal power full rank, 
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When it is deficient Rank (Nr < Ns), 
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When rank is one, it’s SU MIMO.

· Predifined V design

When defining the V matrix, simple V matrix should be considered. Predefine MU MIMO requires user to decide its preferred subband and corresponding predefined V vector.

The predefined V matrix can be selected from codebook or vendor specific, the rank and power can be optimized based on the statistic information.

· CQI calculation and scheduling

At SS side, base on the dedicated pilot (same predefined precoding matrix as data) or midabmle, it is to estimate the CQI of all or partial the subband and feed back the CQI of interested subband, and the related index.
Two kinds of CQI feedback methods are supported, the first one is to feedback the CQI of best M spatial streams with uniform indexing method. The second method is to feedback 1 CQI for each of the best M subband. In each selected band, one bit PMI is used to indicate which stream is preferred.

By scheduling, BS selects the best user for each spatial stream in the RB. For example, if Max/CI scheduler is used, the best user means the user who feeds back the biggest CQI. If fairness scheduler is used, BS should consider both the CQI and fairness.

As the precoding V matrix is predefined, each user selects the preferred subband (or subchannel) based on the spatial channel property and CQI etc. Because of different AoA, DoA, AS parameters, this kind of scheme introduces flexibility in that spatial streams of one subband can spatially match users. The more number of users, the better matched between the predefined V and the channel of the selected users.

Another benefit of such scheme is that it introduces fluctuation in both frequency and time domain, which brings in multi-user diversity gain especially in flat fading channel.
Non-Unitary MU-ZF

· Introduction
It’s non-unitary MU-MIMO. 
MS feeds back the quantized channel state information (CSI) and CQI. BS calculates the precoding matrix by zero forcing algorithms according to the CSI. CQI adjustment is required after obtaining the user pairing and precoding matrix selection. 
Preamble/mid-amble can be used to estimate CSI and CQI. Both pilot and data are precoded by the same precoder which is decided by BS after user pairing. In this case no need to broadcast the precoding matrix and MS detects signals based on the precoded pilot (effective channel). 

· CSI achievement
Each User estimates its channel matrix (H) based on the pilot or preamble; then calculates its effective channel and quantizes the effective channel by a given codebook which is generated from the transformed 16e codebook [x]. The user selects the codeword which has maximal correlation value:

1) Firstly each user does the SVD decomposition: 
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2) Select the maximal right singular vector as effective channel:
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3) Quantize the effective channel and select the code word from a given codebook 
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 as below.
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 is the ith codeword and ith column of the transformed codebook
· CQI calculation
Although the accurate precoding matrix is unknown at MS, it can based on its CSI and assume one unitary precoder to calculate the CQI. MS assumes one precoding matrix like,
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where 
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 is the selected vectors according to the codeword index, P is the emulated precoding matrix for MU assuming the other use will use the orthogonal precoding vector over the first user. 
· Scheduling and CQI adjustment

Full search and greedy search can be used to do user paring at BS. Full search means that according to the feedback CQI and CSI, BS estimates the sum rate of all possible user pairs, select user pair with the maximal sum-rate, generate the precoding matrix based on zero forcing algorithm. An alternative greedy algorithm to be invented to greatly reduce the computing complexity is selecting the first user who has the maximal sum-rate. Then the left users is chosen to pair this selected user. The corresponding precoding matrix is generated based on zero forcing algorithm.
After pairing the users, precoding matrix can be decided. Based on the accurate precoding matrix, BS adjusts the feedback CQI from MS for link adaptation. 

The detailed process is like below:
1) For any ith user and jth user pair, generate the precoding vector based on channel inversion algorithm as
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Where 
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 is the ith user CSI
2) Normalize the precoding vector by each column of matrix 
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 as the new precoding weight 
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3) Adjust the CQIs from the information of new precoding weight and feedback codebook pair.
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4) Calculate the sum rate of arbitrary two users from the whole system users based on the assumed known channel matrix
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5) Repeat step 1), 2), 3), 4) to finish all the possible user pairing. Select the user pair with maximal sum-rate and corresponding precoding vector as 

User pair:
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Precoding vector: 
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6) According to the updated CQIs for the selected users, i.e. 
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, BS chooses the suitable MCS (modulation and coding scheme) for the transmitted streams.
BS does the precoding for the selected users together and signaling the precoding weight to the system users or precoded the pilot with the precoding weight for the channel estimation at mobile stations.

CQI estimation and feedback
   For both unitary and non-unitary MU MIMO, the CQI estimation will assume the unitary precoder is used in BS side. For MU MIMO, only 1 CQI is fed back per subband corresponding to the best spatial stream because multi-layer transmission with one stream per user is supported for MU-MIMO. 
   The CQI estimation and feedback need to be standardized for the decided MU MIMO schemes.
   To facilitate the frequency-selective scheduling, Best-M CQI feedback is used to reduce the overhead. 
Adaptation with SU MIMO
Both predefined and flexible adaptation between SU-MIMO and MU-MIMO are supported.
     For predefined adaptation, some RUs are predefined to be allocated to MU and some are allocated to SU. The change of predefined RU is semi-static.
    When MU MIMO scheduler can not find enough pairs to transmit, SU MIMO can be used with deficient rank (e.g rank 1 SU MIMO), this kind of SU/MU adapation is flexible and based the same CQI feedback information.
    To switch SU MIMO rank 2 (or more) to MU MIMO, and vice versa, it requires to re-allocate control channel like CQICH, This kind of switch is semi-static.

Performance

The SLS result of MU MIMO schemes are provide for comparison. The simulation assumption is attached in appendix.
In the SLS simulation, the dynamic interference (the changing of precoding matrix in neighboring cell will make the interference fluctuated, which will have impact on the accuracy of CQI estimation when CQI delay exist) are consider, which will have some impact on MU ZF performance, while predefined MU MIMO will not be impacted.
For predefined MU MIMO, no PMI bits for CSI are needed for feedback. While for MU ZF scheme, 3.03 bits/user/sub-band/5ms for Tx2 which is similar as 802.16e codebook and 3.12 bits/user/sub-band/5ms for Tx4 are required which is much less than 802.16e codebook.
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Figure1 MU MIMO performance comparison in different scenarios

The result shows predefined MU MIMO has better performance with less feedback overhead in uncorrelated channel, while MU ZF has better performance in correlated channel.
Appendix 

System Level simulation assumption
	Basic Parameter
	Assumption

	OFDM parameters
	10 MHz (1024 sub-carriers)

	Number of OFDM symbols per sub-frame
	6

	Permutation
	Localized

	Number of total PRU in one sub-frame
	48

	Number of PRU for PMI and CQI calculation and feedback
	4

	Number of PRU for rank calculation and feedback
	4

	CQI, PMI and rank feedback period
	Every 1 frame (5ms)

	Link Adaptation
	QPSK 1/2 with repetition 1/2/4/6, QPSK 3/4, 16QAM 1/2, 16QAM 3/4, 64QAM 1/2, 64QAM 2/3, 64QAM 3/4, 64QAM 5/6

	MIMO receiver
	Linear Minimum Mean Squared Error (LMMSE)

	Data Channel Estimation
	Perfect data channel estimation.

	Feedback Channel Measurement
	Perfect feedback channel measurement

	Link Mapping
	RBIR

	Scheduling Criterion
	Proportional Fair 

	Users per sector
	10

	Channel Models
	Extended Ped-B

	Mobile Speed
	3 km/h

	Channel Scenario
	1. Zero Correlated Channel
2.Low Correlated Channel: 4 lambda antenna spacing with angular spread of 3 degree
3.High Correlated Channel: 0.5 lambda antenna spacing with angular spread of 3 degree

	Number of Antenna
	2 transmitter, 2 receiver [2Tx, 2Rx]

4 transmitter, 2 receiver [4Tx, 2Rx]

	HARQ
	Synchronized CC with maximum retransmissions of 4

	Network Parameters
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, wrap-around, 

3 sectors per site

	Distance-dependent path loss
	L=130.19 + 37.6log10(.R), R in kilometers

	Inter site distance
	1.5km

	Shadowing standard deviation
	8 dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Other Cell interference
	8 dominant interferers


Proposed text

11.8.2.2 Multi-user MIMO 
11.8.2.2.1 Precoding technique 
 To add the text:

 Both unitary and non-unitary MU MIMO are supported in 16m
11.8.2.2.2 Unification with SU 
To change the text to 
“Both predefined and flexible adaptation between SU-MIMO and MU-MIMO are supported.
For predefined adaptation, some RU are predefined to be allocated to MU and some are allocated to SU. The change of predefined RU is semi-static.
   When MU MIMO scheduler can not find enough pairs to transmit, SU MIMO can be used with deficient rank (e.g rank 1 SU MIMO), this kind of SU/MU adapation is flexible and based the same CQI feedback information.
   To switch SU MIMO rank 2 (or more) to MU MIMO, and vice versa, it requires to re-allocate control channel like CQICH, This kind of switch is semi-static.”

11.8.2.2.3 Feedback for MU-MIMO 

11.8.2.2.3.1 CQI feedback 

   To add the following text 

   “For both unitary and non-unitary MU MIMO, the CQI estimation will assume the unitary precoder are used in BS side. For MU MIMO, only 1 CQI is feedbacked per subband corresponding to the best spatial stream because multi-layer transmission with one stream per user is supported for MU-MIMO. 

   The CQI estimation and feedback need to be standardized for the decided MU MIMO schemes.
   To facilitate the frequency-selective scheduling, Best-M CQI feedback is used to reduce the overhead.”
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