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1. Introduction

 Multiple antenna solutions will be important in order to achieve the performance requirements set forward in TR25.913 . Many contributions [2,3,4] have pointed out that a single multi antenna mode will not be sufficient to fulfill all the requirements in [1]. Multi-stream transmission will be one feature available to reach the peak data-rate target, while beamforming and/or diversity transmission methods can be used to provide coverage and increased cell-edge bit-rate as well as higher capacity.

2. Multiple antenna solutions for E-UTRA

In this contribution we present a multi-antenna solution containing all the necessary components needed in order to achieve the aforementioned goals. The contribution focus on DL transmission, but we foresee the need for multi antenna solutions for the UL as well. For high-end mobiles or for e.g. laptops and PDAs this is important for providing very high peak rates and large user throughput. This is also seen as applicable for e.g. fixed installations where more symmetric links can be expected. The same general concept is proposed for both UL and DL, even though the number of Tx branches might be restricted to only two for the UL, while we propose 4 Tx branches for the DL. The number of Tx branches do not affect the general concept, though signaling and support for e.g. orthogonal reference signals do affect the overall concept.

In Figure 1 we depict a very general scheme for multiple antenna concepts in E-UTRA. The data stream is first de-multiplexed, based on e.g. channel quality feedback, into a number of streams. Each stream is then coded and modulated separately and a space-time (frequency) code can then be applied, either per stream or between streams. The symbols are then mapped onto physical resource blocks [5] in the time-frequency map. Finally beamforming vectors (or other spatial processing) can be applied before sending the data to the antennas.
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Figure 1: General multi antenna concept for E-UTRA.

Note that this very general concept can incorporate most (if not all) multi antenna concepts proposed for E-UTRA so far. Some more specific examples will be presented in Section 2.4 of this document.

2.1. Single vs. multiple code words

The figure above describes the multiple code word case, i.e. each stream is separately encoded with CRC addition. This is to facilitate the use of successive interference cancellation (SIC) in the receiver. The single code word case can easily be incorporated by assuming a trivial de-multiplexer (1-to-1), the multiplexing to several antenna streams is then done by the (then trivial) space-time code. 

Since the possibility to rate adapt each stream separately gives a considerable throughput gain [6,8] in most scenarios, PARC is the default option in our proposal. However, the single code word case may be considered if the complexity of the receiver in the multi code word case is considered way too overwhelming. It may also be beneficial to have a single code word scheme if no, or very unreliable, channel state/quality is available.

2.2. Space-Time (Frequency) Coding

For the ST(F)C block in Figure 1we propose the orthogonal linear space-time block code (STTD) used in WCDMA for the case of 2 transmit antennas. The need for a code for the 4-antenna case is still for further studies. It can be argued that for large bandwidth, the inherent frequency diversity in the channel may be enough. However, for lower bandwidth (BW < 10MHz) the additional diversity provided by the STC may be necessary to achieve the cell edge requirements given in [1]. This is especially important for multi-cast services such as MBMS where beamforming may not be applicable.

Note also that the ST(F)C-block can contain a trivial code. In the case of single code word transmission the de-multiplexing onto the different layers is made by the space-time block code.

We propose to include support for STTD at each stream for the case with 2 Tx antennas, and that a suitable code for the 4 Tx antenna case is for further studies. This means that the coding is done in space-time and not over frequencies.

Alternatively, cyclic shift transmit diversity (CSTD) [7] can be considered. This gives the possibility to have the same code structure for any number of Tx antennas.

2.3. Beamforming

The beamforming block performs the spatial processing of the multi antenna scheme. Here it is assumed that complex weight vectors are multiplied to the symbols at base band, e.g. digital beamforming. The weights can either be user specific or the same for a group of users. The beamforming can be adaptive or fixed, this can be an implementation specific feature since we do not propose to base the beamforming on specific UE feedback. Also, simpler form of spatial processing such that e.g. antenna selection may take place in this block.

RF based fixed beam solutions can also be handled by the structure depicted in Figure 1, this is then done at the antenna level and hence in this case the weights used in the beamforming block is just trivial multiplications with 1. 

2.4. Examples

The concept presented in Figure 1 is very general. In order to see how different MIMO functions can fit into this concept, some specific examples are given below. For example, PARC/S-PARC is examples of multi codeword scheme that easily fit into the general concept of Figure 1. 
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Figure 2: PARC/S-PARC realization.

Most, if not all, MIMO schemes considered for UTRA can be put into the general framework described in Figure 1. For example Double Space Time Transmit Diversity with Sub-Group Rate Control (DSTTD-SGRC) [9] will be described as in Figure 3:
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Figure 3: DSTTD-SGRC description.

While a combined beamforming and space-time coding approach would look like:
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Figure 4: Beamforming together with STTD.

Note that in this case the same or different beamforming vectors can be applied to the two streams.

3. Reference signals

The reference signals (pilots) play an important role when considering multi antenna solutions. To achieve good performance it is important that orthogonal reference signals are present for channel estimation and channel quality estimation. This is addressed in another contribution [10].

4. HARQ

We propose a separate CRC per code word similar to that proposed in [11], i.e., antenna-dependent HARQ.
5. UL considerations

As mentioned in Section 2, we foresee that multiple Tx antennas will be present at the UE side as well. We propose to adopt the same general concept as for the DL. However, due to the constraint in typical UEs, some further constraints are proposed. Note that the mapping to a physical time-frequency resource is different for the UL single carrier transmission compared to the DL OFDM transmission.

6. Conclusions

In this contribution we describe a general multi antenna framework for E-UTRA. In order to limit the number of options in the system we propose to fix the functionality of each block in Figure 1 to one or in some cases few specific methods. Also, many functions do not need to be specified at all, but is a implementation specific issue. The main features are summarized below;

· The de-multiplexing block is constrained to have maximum 4 outputs, i.e. a maximum of 4 parallel sub-streams are supported.

· The coding and modulation is proposed to follow that proposed for SISO [5] as close as possible. Each sub-stream can be separately encoded and a CRC will be attached to each code-block to facilitate the gain of using successive interference cancellation in the receiver.

· We propose to adopt STTD as the main space-time code for 2 antenna/beam transmission, while the code for 4 antennas are for further studies. Alternatively CSTD can be adopted as the main transmit diversity option.

· We propose not to include close loop beamforming modes. Note that e.g. antenna selection is a primitive form of beamforming, and hence is supported here. Also, different forms of “virtual antennas” can be implemented here.
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8. Text Proposal

We propose that the following is included in TR25.814. We also propose to change the subject from “MIMO” to “Multi antenna techniques”, this since the term MIMO has been used to denote multi-stream (layer) transmission [9], while beamforming and transmit diversity has been handled separately. For E-UTRA all multi antenna solutions should be an inherent part of the system. This is also proposed for the UL part.

----------------------------------------------- TP for DL -------------------------------------------------------

7.1.1.4
Multi antenna techniques

7.1.1.4.2 General framework for multi antenna transmission 

The MIMO concept should be described trough the following general framework. Each function corresponding to a block in Figure 1 should be described. The baseline MIMO concept shall include per-stream HARQ, while a single HARQ per TTI can be investigated when no or very unreliable feedback is present. STTD should be the default space-time code for two-antenna transmission, while suitable codes for 4 Tx antennas are FFS. 

Alternatively, Cyclic Shift Transmit Diversity (CSTD) can be considered as transmit diversity mode. CSTD can be defined for any number of Tx antennas. The beamforming weight vectors are applied on baseband. 
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Figure 1: General multi antenna concept for E-UTRA.

------------------------------------ End TP for DL -------------------------------------

------------------------------------- TP for UL -------------------------------------------

9.1.1.4
Multi antenna techniques

The baseline antenna configuration for uplink single-user MIMO is two transmit antennas at the UE and two receive antennas at the Cell site. 

The possibility for single user higher-order uplink MIMO (more than two TX/RX antennas) should be considered. 

The same multi antenna scheme chosen for DL should also be the preferred multi antenna concept for UL. 

------------------------------------ End TP for UL -------------------------------------
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