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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 presents some basic considerations about uplink MIMO design.
2. Overview of MIMO modes
3. 
4. 
5. 
6. 
7. 
8. 
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. We prefer to design a uniform, multi-mode, adaptive MIMO architecture consisting of single-user MIMO (SU-MIMO), multi-user MIMO (MU-MIMO) and multi-cell MIMO as shown in the scenarios of Figure 1:
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Figure 1 An application scenario of MIMO modes for 16m system
For SU-MIMO, each user is served by a single BS. It mainly targets for optimizing the single-user-achievable peak data rate. 
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-cell 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 coordination.
9. SU-MIMO
In IEEE 802.16e, SU-MIMO techniques are not defined for uplink. Considering the higher system requirements of IEEE 802.16m and the possibility that some MSs might adopt more than one transmit antenna, SU-MIMO techniques need to be considered for uplink in 802.16m, to improve the service quality experienced by single user.

9.1 2Tx
9.1.1 Transmit diversity with 1bit feedback 
It is well known in that the sum of two signals can be strengthened if they are in-phase or the absolute phase difference is less than 
[image: image2.wmf]p

/2. According to this principle, we propose a transmit diversity scheme as shown in Figure 1, which adjusts the phase of the transmitted signal on one channel such that the two branches of signal can be strengthened at the receiver.
Suppose the transmitted signal over Tx-1 is
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. The transmitted signals from the two antennas are 
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where 
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(2)
with 
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 is the channel coefficient from the i-th transmit antenna to the j-th receive antenna.
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Figure 1: Uplink transmit diversity scheme with 1-bit feedback

9.1.2 Double-Polarized SFBC 

In practical OFDM systems, some frequency offset may exist at the receiver due to some imperfect factors, such as inaccurate frequency synchronization and tracking, large Doppler spread from high mobility etc. The frequency offset will destroy the orthogonality between subcarriers resulting in inter-carrier interference (ICI). Considering the IEEE 802.16m requirement for mobility up to 350 kmph (even 500 kmph in some deployment), ICI may be serious in some application scenarios and significantly degrade the system performance. To solve the ICI problem in cases of large frequency offset, e.g. high mobility scenarios, a double-polarized SFBC (DP-STFC) technique is proposed. The encoding matrix for DP-SFBC can be expressed as follows
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                                      (3)
In this expression, the rows correspond to the physically adjacent subcarriers and the columns correspond to the two transmit antennas (here, two transmit antennas are assumed, but the concept can be extended to transmission with more antennas). It can be seen that the DP-SFBC encoding matrix is a staggered arrangement of ordinary SFBC encoding matrix (i.e., positive version) and its negative version. The double-polarized SFBC encoding can be understood as an ICI canceling space-frequency modulation. Correspondingly, at the receiver side, a simple ICI canceling demodulation can be performed firstly, that is, the odd-numbered subcarriers are subtracted from the even-numbered subcarriers for all receive antennas, and then ordinary SFBC detection procedure follows. 



10. MU-MIMO
In uplink, multiple users can be allocated the same time and frequency resources by BS to transmit their own data traffics, which is called as multi-user MIMO (MU-MIMO). The MU-MIMO transmission is transparent to users. The users sharing the same time-frequency resource can have different numbers and different SU-MIMO modes if they have more than one transmit antennas. Therefore, MU-MIMO has hybrid transmit schemes. Compared with SU-MIMO, MU-MIMO with 2 transmit antennas has an explicit advantage in the sector throughput and cell-edge user throughput. Transmit scheme optimization, multi-user scheduling and UL channel measurement are all performed in BS side.
11. Multi-cell MIMO
1.2.1 In uplink 
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13. 
multi-cell MIMO, joint MIMO reception is performed in multiple BSs to combat the inter-cell co-channel interference (CCI) among the users in different cells. The messages of one MS are jointly received and decoded by multiple adjacent BSs. Proper inter-/intra-cell reference signals should be designed for each BS involved in the joint reception to obtain the necessary channel state information (CSI) for demodulation. Inter-BS communication is required for joint reception via network interface.

Two alternatives of joint reception can be considered for different tradeoffs between performance and implementation cost: full and partial joint reception. In the first alternative, BSs involved in the joint reception share full information about received signals and the related CSI, and a joint MIMO decoding is performed. In the second alternative, each BS decodes the received signals independently. BSs involved in the joint reception exchange and combine their soft decoding results.
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6. Tex proposal
-----------------------------------------Start of Text Proposal for SDD------------------------------------------
x.x Uplink MIMO
Multiple uplink MIMO modes shall coexist to adapt to services and environments, including the single-user MIMO (SU-MIMO), multi-user MIMO (MU-MIMO) and multi-cell MIMO.

x.x.1 SU-MIMO
x.x.x.x 2Tx
For the uplink SU-MIMO transmission, in addition to the open-loop spatial diversity and multiplexing schemes, 1-bit feedback aided closed-loop transmit diversity scheme shall also be considered as illustrated in Figure xx, to reduce the feedback/signaling overhead and implementation complexity. The feedback is determined in such a way that the transmitted symbols can be combined positively at the receiver.
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Figure xx: Closed-loop transmit diversity scheme with 1-bit feedback


For the application scenarios with severe frequency offset, the double-polarized SFBC can be applied in the uplink with the following encoding matrix.
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where the rows correspond to the physically adjacent subcarriers and the columns correspond to the two transmit antennas. The concept can also be extended the transmissions with more transmit antennas.
x.x.2 MU-MIMO

In MU-MIMO, multiple users are allocated the same time and frequency resources to transmit their data traffics. The MU-MIMO transmission is transparent to users. The users sharing the same time-frequency resource can have different numbers of transmit antennas and different SU-MIMO modes if they have more than one transmit antenna. Transmit scheme optimization, multi-user scheduling and UL channel measurement are all performed in BS side.
x.x.3 Multi-cell MIMO

In uplink multi-cell MIMO, joint MIMO reception is performed in multiple BSs to combat the inter-cell co-channel interference (CCI) among the users in different cells. The messages of one MS are jointly received and decoded by multiple adjacent BSs. Proper inter-/intra-cell reference signals should be designed for each BS involved in the joint reception to obtain the necessary channel state information (CSI) for demodulation. Inter-BS communication is required for joint reception via network interface.

Two alternatives of joint reception can be considered for different tradeoffs between performance and implementation cost: full and partial joint reception. In the first alternative, BSs involved in the joint reception share full information about received signals and the related CSI, and a joint MIMO decoding is performed. In the second alternative, each BS decodes the received signals independently. BSs involved in the joint reception exchange and combine their soft decoding results.
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	Normal CP
	128/1024[2]
	128/1024
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	128/1024
	N/A
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---------------------------------------------- End of Text Proposal for SDD-------------------------------------
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