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Uplink MIMO Scheme for IEEE802.16m 
Dengkui Zhu, Xiangyu Liu, Donglai Hao
     Ying Liu, Rui Kang, Zhaohua Lu
1. Introduction 
IEEE802.16m system requires higher performance enhancements of peak data rate, sector throughput and cell edge user throughput, as well as higher mobility and larger coverage. Advanced MIMO techniques will play important roles in satisfying these targets. This contribution proposes a high level view on the uplink MIMO design.
2. Antenna Configuration 

As user is the transmitter in the uplink, considering the power efficiency and 
implementation complexity, we recommend terminal should not use more than 2
antenna when transmitting data. The case of more than 2 needs FFS. And the receive antenna of BS may be 2 or 4.So all the possible antenna configuration for SU-MIMO is 1x2, 1x4, 2x2, 2x4.
3. General UL MIMO Structure
The general UL MIMO structure is similar to the DL MIMO, the difference is that BS could measure the uplink channel and make a decision which MIMO modes to be use. Users only need to do what BS informs to do. This is showed in figure1.
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                   Figure1 Uplink MIMO General Structure
4. MIMO Modes

It is not possible to reach all of the challenging targets of 16m system by using a single MIMO mode. Multiple MIMO modes shall coexist in the 16m system to adapt to services and environments. In the data channel, we prefer to design a uniform, multi-mode, adaptive MIMO architecture consisting of single-user MIMO (SU-MIMO), multi-user MIMO (Collaborative Spatial Multiplexing) and multi-BS multi-user MIMO (MB-MU-MIMO) as shown in the scenarios of Figure 2:
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Figure2 uniform adaptive MIMO mode
For SU-MIMO, each user is served by a single BS. It mainly targets for optimizing the single-user-achievable peak data rate when user’s channel matrix has a relative low condition number.
For MU-MIMO, several users are served by one BS by sharing the same radio resource simultaneously. It is most suitable for heavily loaded systems in cell center, where maximization of overall system throughput is the primary concern.
For multi-BS multi-user MIMO, multiple users are served by multiple BSs with the same radio resources. In this manner, cell-edge user throughput and cell coverage are improved significantly due to efficient interference reduction through BS collaborate to receive the data in the same radio resource.
5. MIMO Modes in Data channel
5.1 SU MIMO 
5.1.1 1Tx
When MS use 1Tx, it is actually SIMO (receive diversity) where MS transmit data as the SISO case.
5.1.2 2Tx

When MS use 2Tx, several MIMO modes should be provided so that BS could choose a proper mode for user according its specific scenario. Both transmit diversity and SM should be supported.
5.1.2.1  Transmit Diversity
· TSTD
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Figure 3 TSTD diversity
When TSTD is used, one of the two antennas is chosen alternant to transmit data as in figure3.Through this way, spatial diversity gain is achieved, besides, TSTD has other advantages:
· Each time, only one RF is needed, the cost of UE is much reduced.

· the pilots overhead is same to SISO case;

· The transmit power in each transmit antenna is same to the SISO case as power is the precious resource for MS in the uplink.

· STBC/SFBC

In the legacy system, matrix A is defined for the STBC case to achieve spatial-
diversity gain.
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where the ith row gives the symbols transmitted in ith antenna and the jth column gives the symbols transmitted in jth time slot.
Considering the IEEE 802.16m requirement for mobility up to 350 kmph (even 500 kmph in some deployment), STBC is not a appropriate choice for such high speeds due to its performance degradation from channel fading inconstant in a STBC block. Therefore, the SFBC (space-frequency block coding) should be considered due to robustness to mobility. SFBC has a same matrix format as STBC with different phy explain: jth column representing the symbols transmitted in jth subcarrier. 
However, SFBC is not an appropriate choice for the severe frequency selective fading channel due to its performance degradation from the inconstant property in neighbor dual subcarriers. So STBC is preferred at low mobility where the channel response matrix can be regarded as quasi-static for two consecutive time slots. SFBC is preferred at low delay spread where the channel response matrix is quasi-static for two adjacent subcarriers. Thus a smart switch between STBC/SFBC should be considered according to the specifically scenario of users.
5.1.2.2 Spatial Multiplexing
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When the channel has much scatters and the conditional number of channel matrix is low, spatial Multiplexing is preferred and the peak rate of users is greatly enhanced. In this case, MCW (Multiple Code Word) should be supported as BS is the receiver and MMSE-SIC is feasible for decoding. In the same time, different QoS request traffics may be mapped to different codeword stream which corresponds to different channel. 

In order to improve the receive performance, precoding is supported in the MS side. In the uplink, BS is convenient to measure the uplink fading channel through users’ data channel or sounding signals, and make precoding according some rule as maximum throughput, after that, BS informs the precoding matrix(or Precoding Matrix Index) to users through DL control channel, considering the overhead, codebook based precoding should be the first choice.
5.2 MU MIMO 
In the uplink, the receive antenna num is more than transmit antenna num, it’s possible that more than one user could transmit data on the same radio resource. And spatial multiplexing becomes feasible even user with only one transmit antenna. Compared with SU-MIMO, MU-MIMO has an advantage in the cell throughput and spectral efficiency, and its performance gain is not limited by the receive antenna number at the BS side.
5.2.1 1Tx
When 1Tx is configured for each user，multiple users could collaborate to exploit spatial multiplexing on the same radio resource which is termed as Collaborative MIMO (CSM) or Virtual MIMO. Each user uses independent MCS as the SISO case, the only difference comes from that all pilots subcarriers is divided between the collaborative users. When two users are paired, it is equal to matrix B with MCW. At most four users could pair each time when four receive antenna is used in the BS side.
5.2.2 2Tx

When 2 Tx is configured for each user, any one of TSTD/MatrixA/MatrixB shall be chosen, but paired users should use the same MIMO mode. At most four users could be paired to use TSTD, and two users could be paired to use MatrixA/MatrixB at the condition that four receive antenna is configured in the BS side. MCW should be used when Matrix B is chosen. 
When 1 or 2 Tx are configured for different user, combination for Virtual MIMO and SM(spatial multiplexity) or SD(spatial diversity) is used for this case.

In order to improve the receive performance, precoding is also supported in the MS side. Considering the DL signals overhead, codebook based precoding should be the first choice.
5.3 Multi-BS MIMO
The performance of users in cell edge is mainly impact by large pathloss and same

frequency interference from neighbor cells. One solution for same frequency interference is different frequency band is allocated for the edge area, thus spectral efficiency is relative low. In order to solve this problem, we proposal a multi-BS scheme as follows:
As in figure 2, the MS1 and MS2 is located in the edge of cell1and cell2.BS1 and BS2 collaborate to serve for MS1 and MS2.In the uplink,MS1 and MS2 use the same subcarriers to transmit dates to BS1 and BS2 simultaneously. In the receiver side, BS2 transmit the received data to BS1 through backbone. BS1 decode the data of MS1 and MS2 by collaborative using the received data from MS1&MS2 and BS2.After that, BS1 send the ACK/NACK to the MS1&MS2 and BS2.
The advantage of MB-MIMO is (1)MS1 and MS2 could transmit in the same frequency band, with some smart transmit and receive algorithm used, the interference is much compressed;(2)As two BSs work collaboratively, the receive antenna doubled ,more receive diversity gain would be provided, thus higher MCS could be used for the MSs in the cell edge area. 
6. Control channel 

In the control channel, robustness is the major consideration, diversity scheme is suggested in transmitter or receiver ,so we propose that
· 1Tx

Receive diversity

· 2Tx

TSTD/STBC/SFBC
7. Text proposal

---------------------------------------Start of Text Proposal for SDD-------------------------------
11.x Uplink MIMO in Data Channel
Multiple MIMO modes shall coexist to adapt to services and environments, including the single-user MIMO (SU-MIMO), multi-user MIMO (MU-MIMO) and multi-BS multi-user MIMO.
11.x.x SU-MIMO
11.x.x.x  1 Tx

It’s application of receive diversity where users send data as SISO.
11.x.x.x  2 Tx
Diversity and multiplexing should be supported when two antennas are configured for terminals.
11.x.x.x.x  TSTD
In any time slot, TSTD needs only ones RF chains, so cost of terminal is reduced while some spatial diversity is achieved. It is an appropriate choice for uplink data transmitting.
11.x.x.x.x  STBC/SFBC

STBC/SFBC could supply more diversity than TSTD.STBC and SFBC have same matrix format as matrix A
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When a terminal experiences a fading channel with large delay spread, and it moves slowly, STBC shall be an appropriate choice, where the ith row gives the symbols transmitted in ith antenna and the jth column gives the symbols transmitted in jth time slot.
When a terminal moves fast as more than 350kmph, SFBC may be an appropriate chosen, where jth column representing the symbols transmitted in jth subcarrier. 
BS should make a smart switch between STBC and SFBC according to the special channel condition which a terminal is experiencing.
11.x.x.x.x  Spatial Multiplexing 

Spatial multiplexing is very important for improving user peak rate and system throughput. Matrix B is used for spatial multiplexing:
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At the same time, MCW (Multiple Code Word) should be exploited to enhance the performance of spatial multiplexing.
11.x.x.x.x  SU-MIMO Precoding 

In order to improve the receive performance, precoding is supported in the MS side. In the uplink, BS is convenient to measure the uplink fading channel through users’ data channel or sounding signals, and make precoding according some rule as maximum throughput, after that, BS informs the precoding matrix(or Precoding Matrix Index) to users through DL control channel, considering the overhead, codebook based precoding should be the first choice.
11.x.x MU-MIMO

11.x.x.x  1 Tx
When user is configured 1 Tx，multiple users could collaborate to exploit spatial multiplexing on the same radio resource which is termed as Collaborative MIMO (CSM) or Virtual MIMO. Each user uses independent MCS as the SISO case, the only difference comes from that all pilots subcarriers is divided between the collaborative users. When two users are paired, it is equal to matrix B with MCW. At most four users could pair each time.
11.x.x.x  2 Tx 

When 2 Tx is configured, any one of TSTD/MatrixA/MatrixB shall be chosen, but paired users should use the same MIMO mode. At most four users could be paired to use TSTD, and two users could be paired to use MatrixA/MatrixB at the condition that four receive antenna is configured in the BS side. MCW should be used when Matrix B is chosen. 

In order to improve the receive performance, precoding is also supported in the MS side. Considering the DL signals overhead, codebook based precoding should be the first choice.
When 1 or 2 Tx are configured for different user, combination for Virtual MIMO and SM(spatial multiplexity) or SD(spatial diversity) is used for this case.
11.x.x Multi-BS MIMO
Users in the edge of neighbor cells suffer from large pathloss and heavy same frequency interference .Multi-BS MIMO should be exploited for them where multiple neighbor BSs collaborate to detect the data of these users serve for them.
---------------------------------------------End of Text Proposal for SDD------------------------------------------
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