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1. Introduction

In Lucent’s document, R1-030239 [1], MIMO channel metric for PARC system was proposed. In [1], the channel metric provides more reliable performance over the previous channel metric since it consider the time dispersive channel, additionally. Since, however, it is assumed in the SCM text [2] that there is no interference cancellation at the receiver, the complexity of the receiver is reduced but capacity gain also decreases, especially when the number of UEs is not great or the number of Rx antennas in UE is smaller than the number of Tx antennas in Node-B. Note that it seems a reasonable and practical assumption sometimes where not all code resources are assigned to single user.
Therefore, we propose to use the unitary basis transformation in the front end of Tx antennas combined with MIMO-SDMA using closed loop space-time multi-user diversity [3], which is called the Per Unitary basis stream User and Rate Control (PU2RC). In addition, we also propose the new SINR metric for PU2RC.
2.  PU2RC over PARC

The PU2RC system has two new features over PARC system, as in Figure 1. The first one is multi-user based transmission through multiple Tx antennas, while PARC system considers the single user based transmission even through multiple Tx antennas. The other one is that the per unitary basis sets in the Tx, e.g. {V1, V2, …, VG} where V1 can be usually identity basis set (I) and G is the possible number of the basis sets, are considered in the PU2RC while only one unitary basis, i.e. identity basis (V = I) which means that any actual basis transformation is never applied but just transmitted through per antenna per data directly, is considered in PARC.

In fact, if we assume to transmit simultaneously with the different rate date for the different UEs through multiple Tx antennas, the minimum mean-square error (MMSE) equalization without interference cancellation seems to be most preferable solution for MIMO receiver [4], however some suitable methods to support nonlinear receiver in this multiple user case are under consideration. Note that as in the figure 2, MMSE receiver performance worse than interference cancellation receiver as well as the receiver which are using optimum unitary basis transform in the Tx.
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Figure 1. Block diagram of PU2RC transmitter
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Figure 2. Mu-MISO (4x4x1), Mu-MIMO (2x4x1) & MIMO (1x4x2), MIMO (1x4x4)
Therefore, Rx signal can be modeled as equation 1, which is the same as the equation 2 in [1] except channel metrics.



[image: image3.wmf])

(

)

(

)

(

k

k

k

n

Ωx

y

+

=

, where Ω = ΓVE
(1)

where y(k) is the PEN-by-1 received signal vector and Γ is PEN-by-M(E+L-1) channel matrix and VE is multipath expanded version of the M-by-M unitary basis matrix V, i.e. VHV=I and n(k) is the PEN-by-1 additive noise vector. P is oversampling factor, E is span of equalizer measure, N is the number of Rx antennas, and L is the delay spread of the channel.

The unitary basis matrix V in Tx is the combination of the selected unitary basis vectors from all UEs as in equation 2, where the selected unitary basis vectors are whole from only a UE or partly from several UEs while total number of the vectors is fixed M. Furthermore such selections are made on the space-time multiuser diversity theory for max capacity achievement.


V = [ … v(m)(gk) …]
(2)
where, v(gk) is the gkth unitary basis matrix where gkth is the index of the unitary basis matrix which is fed back from kth UE and v(m)(gk) is unitary basis vector of (m)th vector of the gkth UE’s. Note that each UEs optimum unitary basis matrix can be different to each other and also different to Node-B’s one.
Likewise, PU2RC is different from PARC since it uses Tx weight matrix to transform input data vector and supports spatial division multiplexing to utilize code-reuse per user concept. Moreover, this PU2RC is also able to distinguish from PSRC (Per Stream Rate Control) since it provides the efficient method of Tx weighting matrix to support MIMO SDMA (Spatial Division Multiple Access) by restricting Tx weight matrix still as unitary one in case of the closed loop MIMO multiuser diversity operating.
3. Proposed New SINR Metric

New SINR metric can be calculated by using equation 3, which is based on equation 5 in [1] and given as
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where, f(x) is a function of capacity estimation from SINR value, wd,m is the receiver equalizer vector for d delay and m transmit unitary basis stream, (m,d+1(g) is the channel matrix vector for m transmit unitary basis stream, d+1th  chip and gth unitary basis set, Rn is the noise covariance matrix, (d+1 is the channel matrix vector for d+1th  chip and vm(g) is the transmit unitary basis vector for m transmit unitary basis stream and gth unitary basis set. Furthermore, each V(g) = [v1(g) v2(g) … vM(g)] is defined as the unitary basis matrix, i.e. V(g)HV(g)=I.
In this scheme, not only SINR metric (SINRm) but also the index of the optimal unitary basis set (go) are probably fed back from every UE to Node B as in Figure 3. In particular, in G=1 and V1=I case, all operation is exactly same to the operation in [1] for PARC, so G>1 can be shown as a just simple extension of it.
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Figure 3. Block diagram of PU2RC SINR metric estimation in UE.
4. Example of unitary basis set
For example, unitary basis set is like as equation 4 which is based on 3GPP TxAA mode 1 for 1bit feedback as in the equation 1. Likewise, we can find higher resolution basis set for more bits feedback case, e.g. 4 bits.
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5. Preliminary simulation
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Figure 4. Achievable capacities of MIMO systems with linear receiver.
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Figure 5. CDF of achievable capacities of MIMO systems with WF linear receiver.
Related to preliminary simulation result of the performance of PU2RC, its conditions, the analysis of result and a basic equation to justify its performance are considered.
For the simplicity, we conduct just the analytical simulation in both figure 4 and figure 5 which is comparing PARC and PU2RC(4bits) in 2x2 antenna configuration, where both are applied with linear receiver to equalizer MIMO interference in the UE, e.g. WF (Winer Filter) for upper bound and MF (Matched Filter) for lower bound.  These 4bits in PU2RC mean how much feedback bits are used to make different unitary basis.

In figure 4, it is shown that the average capacity of PU2RC(4bits) is at maximum 170% with MF as much as that of PARC at the number of users > 1 and 10dB SNR. This gain suppose to be mainly in charge of first, addition of space domain multiuser scheduling to conventional time domain only one, and second, the help of the transmit filtering with 4bits resolution.
In particular, the average capacity of WF-PU2RC(4bits) is evaluated based on relationship in equation (5), where 
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where, K is # of users, M means MxM MIMO system, and SNR is given Signal power to Noise power Ratio, and Ei(.,.) denotes the exponential integral as equation 6.
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The performance of ZF-PU2RC with higher resolution feedback and especially sufficient diversity from lots of UE is modeled as SNR gain according to its finality of resolution. The average SNR improvement from higher granularity of feedback information is denoted as equation 7 and its graph is shown in figure 5. 
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(7)

where, 
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 is the minimum angle between real basis, and 
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 is the minimum angle between imaginary basis.

In 2x2 MIMO system, at maximum 3dB average SNR gain and moreover, diversity gain are able to be achieved by this feedback.
[image: image19.png]thetalim]

thetalre]




Figure 6. The average SNR improvement of ZF-PU2RC with higher resolution feedback
Consequently, proposed PU2RC with 4bits feedback and conventional PARC are compared through simple capacity simulation in terms of the linear receivers, and at m maximum 170% with MF times better is found, and the simple bound of capacity of PU2RC is shown as semi-closed-form equation.

6. Discussion and Conclusion

In our proposed scheme, we provided two new features such as multi-user based transmission and per unitary basis sets so that capacity gain can be approach the maximum theoretical bound, especially when the number of UEs is not great while the interference cancellation is not used, or the number of Rx antennas in UE is smaller than the number of Tx antennas in Node-B. Because by increasing the number of unitary basis sets, it gives similar effect as like as the number of UEs is increased in the spatial domain, and by using multi-user based transmission, it gives higher fairness among the UEs so that higher practical capacity can be effectively achieved.

Therefore, these two features for PU2RC should be considered in MIMO base line structure and the new SINR metric for PU2RC should be also preserved as principle of the MIMO SINR metric. In the future it will be available to show the performance gain over the conventional scheme under multi-user environment.
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