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1. Introduction

In the 3GPP study item on Long Term Evolution, MIMO schemes have to be evaluated. Important criteria for the evaluation of these schemes are now given in [1].
2. Simulation Results on Coding Options

In [2] the 4 coding and modulation options have been presented for the combination of multi-antenna systems with OFDM transmission, when no usable channel knowledge at the transmitter is assumed. The two options with acceptable codeword sizes are depicted here again in Figure 1. In both options A and B, each codeword spans over all subcarriers (SC). At Option A, also indicated as single codeword transmission, each codeword spans across all Tx antennas, while Option B allocates only one Tx antenna to each codeword.
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Figure 1
As the distribution of the code word over more than one Tx antenna as depicted in Option A provides Tx diversity and, at the same time, Option A shows the maximum length of code words (improving FEC performance) for a given latency, it should be expected that the single codeword transmission should be advantageous in case of MIMO without channel information at the receiver (i.e. a type of open-loop MIMO).
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Figure 2
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Figure 3
Figure 2 shows the block error rates (BLER) and Figure 3 the throughput values over 20000 TTIs for both Options A and B over an ideally uncorrelated spatial 2×2 Vehicular A channel with a mobile speed of 30 km/h and the OFDM signal as specified for the 5 MHz FDD case in [1]. Linear zero-forcing MIMO detection has been applied with hard single-carrier symbol demodulation. HSDPA turbo coding has been applied with code rates 1/3 and 2/3, using a MaxLogMAP decoder with maximally 8 iterations. The codeword sizes were chosen in such a way that all usable subcarriers were included. Synchronization and channel estimation were ideal. The throughput has been computed from the BLER values assuming simple ARQ. The code rates were fixed and there was no channel adaptation.
From the above diagrams, we see that Option B shows a better performance of about 1 dB when compared to the Option A results, contrary to expectation. A possible reason may be that the tested MIMO channel "rewards negatively" the increase of diversity inside a larger code word. Another speculation is that the 3GPP turbo coding as used for HSDPA  may show local anomalies w.r.t. the FEC performance in relationship to the codeword size. However, the amount of simulation data is too small for a stable statement at this point.
3. Channel-Dependent Scheduling

Note that [1] currently does not indicate space as a resource to be involved in channel-dependent scheduling (see e.g. Section 7.1.1.2.1 "Downlink data multiplexing" or 7.1.2.1 "Scheduling"). Only time and frequency are indicated as resources to be taken into account for scheduling. However, as already presented in [2], it may be advantageous to increase the scheduling flexibility by performing frequency-selective scheduling independently for each Tx antenna, as illustrated in Figure 4 (presented previously in [2]).
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Figure 4
Note that the signal detection accuracy is not reduced in this case as in downlink all pilots are available to all UEs.

A more general simplified frequency/space-selective scheduling "snapshot" for downlink is depicted by Figure 5. Aside of an exemplary pilot allocation, to be used by all UEs, it contains 5 signals, each of which has been allocated to a different UE.
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Figure 5
Note that theoretically, each subcarrier in each OFDM symbol may be scheduled to perform a different scheme (SISO, MIMO, Tx diversity etc.) but for the sake of controllability and in order to limit the signalling overhead, a multitude of subcarriers and OFDM symbols are combined in chunks, each seen as a single element by the scheduler. Here, we will consider neither the nature (localized or distributed) nor the size of the chunks.
The signals for UE 1 and UE 2 in Figure 5 have the same scheduling as illustrated before in Figure 4. 

In case the channel to a given UE shows fast variations, which is typical for high-speed users, or when no channel information is (yet) available, the transmitter shall utilize the complete available spectrum and apply both frequency and space diversity, such as presented for UE 3 in Figure 5. Note that for this signal, all subcarriers contain symbols of the same signal for both Tx antennas, which enable to use either MIMO or Tx diversity (the latter of which may perform better e.g. in case of low SNR or low ranking).
The signal allocated to UE 4 is limited to only one Tx antenna, and its "mirror frequencies" at the other Tx antenna are left empty, thus enabling only SISO or SIMO transmission. This may be applied in case a channel shows poor ranking over the scheduled frequencies.

Finally, UE 5 obtains a frequency-localized signal with identical subcarrier allocation over the 2 Tx antennas, thus also in this case (like for UE 3) the freedom exists to use MIMO or Tx diversity.
4. Pilot setting

As in [1], it is recommended to have a regular pilot pattern which supports IFFT-based channel estimation. This requires the pilots to be cyclically equidistant over the subcarriers. Note that in case the FFT size is 2N, this implies that the increment between 2 different pilots shall be 2N as well, thus it may be adequate to have an increment of 4 or 8 subcarriers between the pilots, rather than 6 subcarriers as currently proposed in [1], Section 7.1.1.2.2.
IFFT-based channel estimation exhibits the following advantages over e.g. linear or low-pass channel estimation:

· The FFT/IFFT functionality is already available in each OFDM receiver;

· As an intermediate result, the IFFT-based channel estimator produces the CIR (channel impulse response) in the time domain. This can be used to enhance the performance of the channel estimation, e.g. by false path elimination;
· Furthermore, the path profile as contained in the CIR may be evaluated for fine-synchronization of the receiver timing.
Between the different Tx signals, the pilots have to be orthogonal. A straightforward method to reach this is to place pilots at different positions for each Tx antenna and, for each pilot in a given Tx antenna, leave the parallel subcarrier at the other Tx antennas signal-free (or at least with reduced signal level - FFS) in order to enable accurate channel estimation for MIMO detection. See also Figure 5.
In case the pilots are placed in such a way, that one of the pilots would coincide with the DC carrier, this one pilot can be "splitted" into 2 pilots placed at both sides of the DC carrier, as illustrated in the Tx 2 signal in Figure 5. This enables the receiver to reconstruct the originally discarded pilot by simple two-sample averaging, thereby obtaining the necessary regular pilot grid for the IFFT-based channel estimation.

With the "empty pilot" method, the distance in the frequency domain between pilots for IFFT-based channel estimation depends on the expected maximum path delay in the channel and can be computed by evaluation of the sampling theorem, which leads to
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 positions have to be reserved for "empty pilots", which brings the total of pilot positions to 
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E.g.: Assume that the sampling frequency equals 7.68 MHz and the FFT comprises 512 elements (cf. Table 7.1.1-1 in [1]). In case the distance between pilots is 8 subcarriers, which is equivalent to 120 kHz, all paths in a channel with 
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 up to 4.17 msec can be resolved. This covers almost all typical multipath channels like e.g. Vehicular A and Pedestrian B.
5. Summary and Conclusion
We presented the results of 2×2 MIMO simulations comparing the use of a single codeword for both TX antennas with a scheme which uses one codeword for each Tx antenna separately, omitting channel adaptation.

Also, a more detailed approach to include frequency-selective scheduling for MIMO-OFDM scheme has been elaborated, thereby indicating that it is expected that a scheduling which is optimized for each Tx antenna separately is advantageous in comparison to a scheduling which uses the same subcarriers over all Tx antennas for the same user. This can be combined with a high flexibility for the different transmissions carried inside one TTI, serving MIMO as well as non-MIMO users at the same time.
The pilot configuration should be such that IFFT channel estimation at the receiver is supported, enabling the advantages brought by its generation of the time-domain CIR in time synchronization and performance enhancing.
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