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Precoded Virtual MIMO for IEEE 802.16m
Hongjie Si, Yinggang Du, Xin Chang, Qi Li, Martin Liu
Huawei
Background
In 16m, the minimum antenna configuration for uplink is 1x2, so the basic antenna technique should be supported by 16m is SIMO with two Rx antennas. According to the SRD[1] for IEEE 802.16m, the target UL throughput for 16m is 1.3 bps/Hz/Sector. To meet this requirement, the advanced antenna techniques must be adopted in 16m. Virtual MIMO is such an antenna technique which can be used to improve the sector throughput for uplink. With the baseline antenna configuration for 16m, two MSs can be grouped together to transmit simultaneously on the same resource, to the BS, the receiving processing is the same with single user 2x2 MIMO.
Discussion
Precoding is widely used in MIMO transmission for single user MIMO and multi-user MIMO to eliminate the intra-user or inter-user co-channel interference. However, it can not be used in the virtual MIMO straightly because each MS’s data to be transmitted is unknown to other MSs. For the case that each MS has only one transmission antenna, precoding is impossible, but for the case that each MS may have more than one transmission antennas, the precoding within the MS itself can still be applied. Equation (1) gives the transmission model of linear precoding scheme for virtual MIMO, where the precoding matrix is block-diagonal.
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          (1)
In 16m, even the baseline antenna configuration for uplink MIMO is 1x2, there would be some MSs with 2 Tx antennas and some BSs with 4 Tx/Rx antennas. Precoding would be useful for the case that two MSs each with 2Tx antennas are grouped together for virtual MIMO transmission and the BS has 4 antennas, where each MS use a 2x2 matrix to precode and transmit 2 streams. 
There are two categories of linear precoding for each MS: unitary precoding and non-unitary precoding. In the case of unitary precoding, the unitary precoding matrix on each MS would not affect the pre- and post-processing SINR of other MSs for MLD/LMMSE/ZF receiver. For instance, when LMMSE receiver is used, the post-processing SINR of each symbol is:
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                                                       (2)

After applying the unitary precoding for each MS, the SINR of each symbol would be (for the sake of simplification, supposing there are only two MSs):
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    (3)
It is easy to be derived from equation (3) that the SINR for each MS is only dependent on the precoding matrix applied on it self. So in the case of unitary precoding for virtual MIMO, the precoding matrix for each MS should be selected independently.
But in the case of non-unitary precoding for virtual MIMO, the precoding matrix for each MS would affect the SINR for other MSs, and the precoding matrix for each MS should be selected jointly, so that the best precoding matrix combination can be selected to improve the total throughput. There is no close form solution for the best precoding matrix combination or block diagonal precoding matrix, but in the case of codebook base precoding, the best combination can be selected jointly based on the maximization of the total capacity or effective SINR for all MSs.
Supposing that the codebook is 
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 is a 2x2 matrix. The detail precoded virtual MIMO scheduling process is as follows:
· BS obtains the uplink channel matrix for every MSs with 2 Tx antennas.

· For each pair of any two MSs 
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, compute the 4x4 effective channel matrix for the virtual MIMO transmission, and compute the effective SINR corresponding to the effective channel. The optimal precoding matrix combination is determined based on the maximization of effective SINR, and the maximum effective SINR is considered as the SINR for that pair of MSs.
· The pair of MSs with the most significant SINR is scheduled, and the optimal precoding matrix combination selected in last step is notified to those two MSs.
Up to now, we only discussed the case that each MS transmits two streams, while the concept can also be applied to the case that each MS transmits only one stream using more than one Tx antennas. If only one stream per user is permitted, the ideal case is that the effective channels of the scheduled MSs are orthogonal each other. But the orthogonality could not be achieved in most cases due to less of users, to achieve the best performance, we should find the best tradeoff between the maximization of signal power of self and the minimization of the interference to others. It is similar with the non-unitary precoding for the case of 2 streams per user.
Conclusion
The codebook based linear precoding can be adopted for virtual MIMO transmission to further improve the uplink throughput in 16m, when some MSs have more than 2 Tx antennas. If BS has more than 4 Rx antennas, two MSs can be grouped together to use virtual MIMO transmission, and 2x2 precoding can be adopted within each MS. In the case of unitary codebook, the precoding matrix can be selected independently for each MS; while in the case of non-unitary codebook, the precoding matrix for each MS should be selected jointly based on the maximization of the total capacity or effective SINR for both MSs. Whether or not the BS has more than 4 Rx antennas, the precoded virtual MIMO can be adopted if only one stream per user is premited, and the precoding vector should also be jointly selected based on the maximization of the total capacity or effective SINR for all MSs transmiting on the same resource.
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