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1. Introduction
For the E-UTRA it is assumed that both the Node B and UE employ 2 antennas. This facilitates the use of multi-input multi-output (MIMO) techniques. While the use of multiple antennas at the Node B and UE has some potential gain, choosing the set of MIMO techniques that results in the best overall performance requires some extensive study. Also equally important is the choice of MIMO scheme for each of the different antenna configurations. 
Based on our results presented in [1-4], we propose the following MIMO OFDMA schemes for the downlink E-UTRA (for further details, please see [3] and Section 2 of this contribution):

1. 2-antenna Node B with ≥ 2 antennas at the UE: per antenna rate control (PARC) with transmission rank adaptation (rank 1 and 2) and pre-coding

2. 4-antenna Node B and 2-antenna UE: PARC with antenna group selection (GS-PARC) and pre-coding

3. 4-antenna Node B and 4-antenna UE: per group rate control (PGRC) with partial transmission rank adaptation (rank 2 and 4) and pre-coding

Each of the schemes is applicable for single-user MIMO (time and frequency scheduling) as well as multi-user MIMO (time, frequency, and spatial scheduling). Some of our initial results presented in  [4] suggest that multi-user MIMO can offer significant gain in the sector throughput as well as per user throughput. Similar observation can also be found in [7]. 
Note that the three proposed schemes share some common themes, namely:

· All the three schemes transmit with at most 2 independent rate-controlled streams. 

· All the three schemes are simply variants of per antenna rate control.

2. The proposed MIMO OFDMA schemes
In this section we describe the proposed MIMO OFDMA schemes in details.
2.1. Proposal for 2xN (N ≥ 2): per antenna rate control (PARC) with rank adaptation and pre-coding
The proposed scheme is described in Figure 1. The rationale for this proposal is as follows:

· It is demonstrated in [3] that rank adaptation is essential in guaranteeing good performance at low geometries. 
· Based on the results in [3], we see some marginal benefit in employing some additional unitary pre-coding for best effort services. However, the rank 1 transmission option is by default antenna selection which is a pre-coding by itself. At this point, we would like to consider a general form of pre-coded PARC to allow some flexibility as well as further optimization.  
· We have also demonstrated the potential gain of PARC over the single-antenna transmission in [4]. That is, the system level throughput gain of PARC over single-antenna is approximately 2x. 
The operation of the proposed scheme can be described as follows:

· The UE determines the best transmission mode (rank, MCS combo, pre-coding vector/matrix)  for each OFDMA sub-channel based on the channel estimates obtained from the pilot channels and a certain optimality criterion. 
· Then for each OFDMA sub-channel, the UE sends a set of CQI’s to the node B which reflects the selected rank and MCS combo. Typically two CQI’s are needed, where each CQI corresponds to one of the independent data streams. 
· The choice of pre-coding vector/matrix can be fed back separately via a separate field similar to the FBI (feedback information) field in Rel.6 HSDPA for TxAA. 
· To obtain channel estimation, the UE uses the estimates from the common pilot channel in conjunction with an estimate of the pre-coding matrix/vector that is used by the node B. Such an estimate can be obtained from the previously chosen pre-coder or from a pre-coder verification scheme. The second alternative requires the support of (pre-coded) dedicated pilot.  

· The node B decodes the CQI and the FBI to determine the chosen transmission mode by the UE.

· Based on the CQI feedbacks from all the active UE’s, the node B selects a UE for each OFDMA sub-channel.
· The node B applies the selected pre-coder to the transmitted signal based on the FBI.
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Figure 1. 2-antenna PARC with rank adaptation and pre-coding
A predetermined codebook should be used at the node B and UE. An example of codebook is as follows:
· Rank 1 codebook (size = N1 when equal amplitude is used, size = 2N1 with unequal amplitude) : 
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… (1)

The equal amplitude codebook with N1=2 is equivalent to antenna selection.
· Rank 2 codebook (size = N2):
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… (2)
In general, N1 and N2 can be different. However, when B bits are available for FBI, the codebook size for rank 1 and 2 can be made the same. 
To select the MCS combo and the transmission rank, the following maximum throughput criteria can be used:

· Rank 1:
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· Rank 2:
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F(), (), R, and H denote the block error rate function, SIR, data rate, and the channel, respectively. Rank selection is performed by choosing the rank which maximizes the throughput.
It should also be noted that when this scheme is used with multi-user MIMO (equivalent to PU2RC [5], [6]), the rank adaptation capability is implicit. This is because the node B always transmits 2 data streams that may be assigned to one or two UE’s. Also, the MCS selection criterion is different from the single-user MIMO criteria in (3)-(4). In this case, the two criteria given in [6] for PU2RC can be used.
2.2. Proposal for 4x2: per antenna rate control with group selection (GS-PARC) and pre-coding

The proposed scheme for 4x2 is described in Figure 2. As demonstrated in [3], rank adaptation does not offer substantial gain and hence is not supported. However, it should be noted that when this scheme is used with multi-user MIMO, rank adaptation is implicitly used. The operation of this scheme is similar to that of the 2xN PARC and hence is not repeated here.
Analogous to PARC in Section 2.1, simple antenna group selection that is considered by default in the GS-PARC is a form of pre-coding. In this proposal we would like to maintain the generic pre-coding framework and suggest a few examples below.  
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Figure 2. 4-antenna PARC with group selection (GS-PARC) and pre-coding

Three examples of codebook for GS-PARC are given as follows:
· Simple group selection: select 2 out of 4 antennas (size = 6)

· Double TxAA codebook described below with each of the weighting vectors given in (1)  
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… (5)
· The expanded version of (5) where size-3 grouping transformation is also introduced { (1,2), (3,4) }, { (1,4), (2,3) }, { (1,3), (2,4) }.  

2.3. Proposal for 4x4: per group rate control (PGRC) with partial rank adaptation and pre-coding

The proposed scheme is described in Figure 3. In [1-2], the per group rate control (PGRC) method was introduced. It was demonstrated that the performance difference between 4x4 PARC and PGRC is small with 2x lower CQI feedback requirement. Regarding the partial rank adaptation capability, it is demonstrated in [3] that partial rank adaptation (rank 2 and 4) can achieve the performance with full rank adaptation. 
The operation of this scheme is similar to that of the 2xN PARC and hence is not repeated here.
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Figure 3. 4-antenna PGRC with partial rank adaptation (2+4) and pre-coding

The codebook for the GS-PARC can be used for the rank-2 transmission. Examples of the unitary codebook for rank-4 transmission are as follows:

· Antenna grouping: It is basically a size-3 codebook associated with the following 3 possible groupings: { (1,2), (3,4) }, { (1,4), (2,3) }, { (1,3), (2,4) }.  

· Unitary codebook based on the Givens rotation matrix [8]):
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with P = 4, 
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.  The size of the rank-4 codebook is 
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. Since the Givens rotation in (6) gives a complete parameterization of orthogonal (real unitary) matrices, antenna grouping transformation can also be derived from (6) by a proper choice of parameters.

3. Conclusion
Based on our results presented in [1-4], we propose the following MIMO OFDMA schemes for the downlink E-UTRA:

1. 2-antenna Node B with ≥ 2 antennas at the UE: per antenna rate control (PARC) with transmission rank adaptation (rank 1 and 2) and pre-coding

2. 4-antenna Node B and 2-antenna UE: PARC with antenna group selection (GS-PARC) and pre-coding

3. 4-antenna Node B and 4-antenna UE: per group rate control (PGRC) with partial transmission rank adaptation (rank 2 and 4) and pre-coding

Each of the schemes is applicable for single-user MIMO (time and frequency scheduling) as well as multi-user MIMO (time, frequency, and spatial scheduling).

Other than the performance, the advantage of our proposal is that the three proposed schemes for different antenna configurations share some common themes. All the three schemes transmit with at most 2 independent rate-controlled streams. In addition, all the three schemes are simply variants of per antenna rate control.
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