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1
Introduction
In [1] various MIMO schemes are described for potential adoption for OFDM-based downlink LTE. Each of the MIMO schemes in [1] can be categorized into either single-user (SU) MIMO or multi-user (MU) MIMO in terms of the resource allocation method. SU-MIMO allows only one user to use all the transmit antennas over a given bandwidth and time resource, while MU-MIMO (or, SDMA) allows different users to transmit data through different antennas over a given bandwidth and time resource. In this document we consider the impact of the SDMA on the downlink MIMO operations. 
2
SDMA and Antenna Configurations for E-UTRA

 Antenna configurations practically meaningful for downlink E-UTRA are as follows: 
· 2 Tx and 1 Rx antennas (2x1)
· 2 Tx and 2 Rx antennas (2x2)

· 4 Tx and 1 Rx antennas (4x1)

· 4 Tx and 2 Rx antennas (4x2)

· 4 Tx and 4 Rx antennas (4x4)

SDMA might improve the performance even for the 2x2 or 4x4 configurations by selectively grouping users, which needs to be carefully investigated in consideration of uplink and downlink control overhead, complexity in the scheduler, and the others. However, a significant performance improvement over the SU-MIMO can only be expected when the number of transmit antennas is greater than the number of receive antennas or the receive antennas are highly correlated. For this asymmetric number of antennas in Node-B and UE, the SDMA can increase the multiplexing order for a given time-frequency resource.  Assuming that the correlation among the receive antennas is not very high, we have a persuasive motivation to use SDMA only for the 2x1, 4x1, and 4x2 configurations. Furthermore, if the UE for E-UTRA is required to have two or more receive antennas, the SDMA is attractive only for 4x2 configuration where two users are simultaneously scheduled over the same bandwidth and time resource. In order to achieve the SDMA gain when the number of transmit antennas is greater than the number of receive antennas, Node-B needs to schedule users (probably applying a pre-coding) so that the corresponding inter-user interference level is low in each UE. 
3
 Impact of SDMA on Downlink MIMO 
Various MIMO schemes that allow multiple users to transmit over a given bandwidth and time resource can be regarded as the SDMA. A simple form of SDMA is to schedule different users for different transmit antennas in the general multi-codeword based MIMO schemes (for example, PARC, etc. [1][2]). In this case the number of receive antennas for each UE should be greater than or equal to the total number of data streams in order not to seriously degrade the decoding performance. A more complex form of SDMA needs a form of transmit beam forming (e.g., PU2RC [1]) and preferred pre-coding matrix based user grouping so that the users who are simultaneous scheduled over the same bandwidth and time resource experience low inter-stream interferences at their individual receivers. A third type of SDMA is to use a densely-spaced transmit antenna array which can generate multiple beams that geographically divide a sector into multiple sub-sectors. UEs in the sub-sectors far apart can be simultaneously scheduled without causing a high interference each other. 
If the SDMA is used together with SU-MIMO for downlink E-UTRA, some of the potential MIMO operations and features in the Node-B or UE may become restricted or more complicated: 

First, it is difficult for the multiple codeword based MIMO schemes (e.g., MCW, PARC, S-PARC, etc [1]) to maximally take the benefit of an advanced receiver architecture such as successive interference cancellation or sphere decoding, which needs information of all the streams at the receiver.

Second, the MIMO schemes which improve the link performance via rank or antenna subset selection (e.g., rank or virtual antenna selection of SCW/MCW, antenna selection of S-PARC, etc.) cannot effectively take the benefit of the reduced interference or the quantized water-filling effect, as Node-B mostly schedules multiple users over all the antennas. In the SDMA mode, UE needs to take a different selection criterion and assume a different power distribution in generating the preferred subset of the antennas and CQI values. 
Third, the HARQ processes for different users typically terminate after a different number of retransmissions and thus the blanking based HARQ resynchronization [1][3] is inefficient. (Refer to Section 4.) As the new sub-packet transmission time for each user is likely to be different unless the blanking based resynchronization is used, the new user grouping in the SDMA scheduler can be adversely affected when the blanking based resynchronization is not used and keeping the orthogonality among the scheduled users is a critical scheduling criterion (e.g., PU2RC).       
Fourth, in most SDMA schemes (especially, those which support 4x2 MIMO), the amount of channel feedback information significantly increases as each UE needs to report a preferred pre-coding matrix and preferred column vectors in addition to the CQI information (e.g., PU2RC). The UE complexity to evaluate the candidate matrices and column vectors will also increase in proportion to the number of available candidate matrices. If the system supports sub-band scheduling and SDMA simultaneously, a significant amount of resources should be allocated for downlink control channels as well as the uplink control channels, as a large number of users will typically be scheduled at a time. The pros and cons of the SDMA should be carefully analyzed in consideration of the increased control channel overhead.  
4
Inefficiency of Blanking-based HARQ Resynchronization in SDMA
In this section, we show through a simulation study that the blanking-based HARQ resynchronization among streams may be inefficient if the HARQ termination time of each of MIMO streams is not closely tied. We used the same simulation set-up that was used in [4] except that the receiver architecture for the MCW scheme is linear MMSE spatial equalizer. As each component of the MIMO channel matrix is i.i.d. in the simulation and the decoding of each stream is independently preformed in the linear MMSE spatial equalizer based receiver, the HARQ termination time of each stream is not closely correlated. Thus we can show the inefficiency of the blanking based HARQ resynchronization by comparing the single user link throughput between the blanking case and the non-blanking case for the linear MMSE spatial equalizer. Note that Node-B transmits a new stream immediately when a stream terminates in the non-blanking case while no new streams are transmitted until all the streams terminate in the blanking case. 
Figure 1 shows that the blanking operation brings about a significant throughput loss, which was not observed in the SIC-based MCW transmissions [5] where all the streams terminate together with high probability. In the figure, NB- indicates non-blanking, which means the blanking based HARQ resynchronization was not performed for the corresponding curve. Otherwise, the blanking was performed. Based on the performance degradations shown in Figure 1, we conclude that the blanking based resynchronization is inefficient when the termination time of each stream is not closely tied, which is the typical case of the SDMA. 
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Figure 1
Throughput vs. geometry (3km/h, TU)

5
Conclusions
The DL SDMA may bring out a significant benefit in a certain scenario, but it may also cause an adverse effect on the SU-MIMO operation and a significant increase of control overhead. Conclusions are as follows:
When the number of receive antennas in UE is smaller than the number of available (virtual) antennas in Node-B (e.g., 2x1, 4x1, and 4x2 MIMO), the DL SDMA combined with a type of pre-coding may be especially attractive as it can increase the degree of freedom (or,. spatial multiplexing order).

On the other hand, when the number of receive antennas in UE is not smaller than the number of (virtual) antennas in Node-B (e.g., 2x2 and 4x4), the SDMA gain may not be large enough to compensate for the increased downlink control overhead, the loss of a sub-optimal receiver (e.g., linear MMSE receiver) relative to an advanced receiver (e.g., successive interference cancellation based receiver), and the increased uplink feedback overhead. The downlink and uplink control overhead issues will be critical if the system supports DL SDMA and DL sub-band scheduling together. We need to analyze the system performance of the SDMA taking into account the loss originating from the increased control overhead.
As the CQI will be generated on the basis of different assumptions in the SU-MIMO mode (e.g., SIC receiver, rank dependent power distribution, etc.) and in the SDMA mode (e.g., linear receiver, fixed power for each stream), we recommend that the mode (i.e., either SU-MIMO or SDMA) of each UE should semi-statically configured through a higher layer signalling. The scheduler should not dynamically switch between SU-MIMO mode and SDMA mode for the UE.       

Furthermore, in consideration of the inefficiency of HARQ resynchronization in SDMA, we recommend that Node-B should allocate mutually orthogonal resources (e.g., through different time interlaces of HARQ processes or different frequency resources) for SU-MIMO and SDMA if the system supports them together. In this case Node-B shall adjust the time-frequency resources for SU-MIMO and SDMA in a semi-static way, depending on the population of SU-MIMO and SDMA users. 
We propose to capture this as text in TR 25.814 [6].
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