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1. Introduction
To achieve the desired increase in peak data rate, the advanced E-UTRA (termed LTE-Advanced – LTE-A) will support eNBs with eight transmit antennas [1]. Several contributions have addressed the design aspects of 8Tx downlink SU-MIMO (see, e.g. [2 – 6]) along with the design of cell-specific reference signal to support the 8Tx transmission, e.g. [7, 8]. 
Before proceeding further, our view regarding 8Tx downlink SU-MIMO transmission is as follows:
· Since the nominal target peak downlink data rate is ~1Gbps, 8-layer spatial multiplexing is not required to achieve such nominal peak rate for 100MHz downlink transmission. With the current 4-layer Rel-8 setup in [9 – 11], a nominal peak rate of ~1.5Gbps can already be achieved with 100MHz bandwidth. Consequently, supporting 8-layer spatial multiplexing seems to be intended to achieve ~1Gbps peak rate for lower downlink system bandwidth such as 50MHz. However, the need for such capability as well as the resulting UE form factor is quite unclear.  
· At the same time, the 8Tx transmission with smaller number of layers (e.g. ≤4 layers) is expected to provide some benefit over the 4Tx transmission. Theoretically, the gain in throughput is O(log P) where P is the number of transmit antennas. However, such gain depends on a number of factors including the availability of accurate channel estimates, spatial channel models, control signaling overhead, and efficient precoding design. 
· If 8Tx DL SU-MIMO is to be supported, it should be targeted to local area setups and low mobility applications (also argued in, e.g. [5]). While this seems intuitive from the system deployment perspective, such targeted use of 8Tx transmission would be justified in light of other system aspects such as RS and signaling overhead. 
· Given the above, it is reasonable to expect that the specification impact of supporting 8Tx transmission should be minimized. 

Based on the above view, several aspects of 8Tx downlink SU-MIMO are discussed in this contribution:

· Cell-specific reference signals (CRS)

· Support of 8Tx transmit diversity

· Layer mapping for spatial multiplexing

· Precoding for spatial multiplexing

· Control signaling

2. Design Aspects of 8Tx SU-MIMO
Based on the discussion in Section 1, several aspects are discussed in details below.
2.1. Cell-specific reference signal 

Our view of the DL CRS design for 8Tx transmission is given in [7]. It can be summarized as follows:
· The CRS for antenna ports 0 to 3 should not be affected, especially for antenna ports 0 and 1 which are used for measurements. Hence, CDM between CRS for antenna ports 0 to 3 and 4 to 7 should not be done. Performing such CDM may also affect the Rel-8 UEs as the channel and noise estimation algorithms may not anticipate the code-division multiplexing with other reference signals.
· For subframes which support only LTE-A UEs, the CRS for antenna ports 4 to 7 should be assigned a predetermined set of REs (i.e. explicit CRS). 

· For subframes which support both Rel-8 and LTE-A UEs, the CRS for antenna ports 4 to 7 is done implicitly via a pre-assigned CCE(s). That is, the CRS is assigned when it is needed without affecting the Rel-8 UEs. 
Note that assigning CCE(s) for CRS reduces the multiplexing capacity for the DL control as argued, e.g. in [5, 8]. Note, however, that this is done only for the subframes where both Rel-8 and LTE-A UEs coexist. Rather than always relying on a set of LTE-A-only subframes, the CCE-based solution offers the flexibility to schedule both Rel-8 and LTE-A UEs within the same subframes.
2.2. Support of 8Tx transmit diversity

Conceptually, the performance gain of 8Tx- over 4Tx-transmit diversity is expected to be marginal: 
· The SNR gain (at a given BLER) which comes from increasing diversity gain diminishes quickly. For 1% BLER, diversity gain above 4-level diversity is expected to be marginal. Since typical channel is frequency-selective and hence sufficiently rich of frequency diversity, the benefit if 8Tx transmit diversity over 4Tx transmit diversity (currently supported in Rel-8) is not apparent. This is also demonstrated in, e.g. [2].
· The marginal gain is expected to diminish further when channel estimation error is taken into account. As discussed in Section 2.1, the provision for the additional CRS is likely to be limited. Hence, the effect of channel estimation error will be significant. 
At the same time, all the 8 available RF chains associated with the 8 physical antennas should be fully utilized to avoid PA imbalance. Although applying a 4Tx-diversity with a fixed cell-specific precoding solves this problem, this necessitates the eNB to apply the same precoder on the CRS. This reduces the number of antenna ports from 8 to 4, which is undesirable when some UEs are configured to receive 8Tx spatial multiplexing. Hence, the support of 8Tx-transmit diversity may be needed. In this case, a simple extension of the current 4Tx-transit diversity scheme takes precedence over, e.g. the highest-performing linear dispersion code since the potential performance gain of 8Tx-transmit diversity is small.  
2.3. Layer mapping for spatial multiplexing
As mentioned in [4], it is preferred to maintain a maximum of 2 codewords unless a dramatic gain of >2 codewords can be demonstrated with a reasonable receiver implementation. The main benefit of multi-codeword architecture is to enable SIC receiver and further benefit from the link adaptation gain of the latter codewords. Due to the sparseness of the CRS, the effect of channel estimation error may prevent us from reaping the maximum benefit from the SIC receiver. Hence, the benefit of increasing the maximum number of codewords from 2 is unclear. Furthermore, keeping the maximum number of codewords to 2 allows maximum reuse of several features in the DL and UL control such as DL grants and UL ACK/NAK. Increasing the maximum number of codewords above 2 will in turn increase the DL and UL control overhead.
Keeping that in mind, an example of layer mapping for 8Tx spatial multiplexing is given in Figure 1. Compared to the current Rel-8 layer mapping, the following needs to be added into the LTE-A specification:

· The support of 5-, 6-, 7-, and 8-layer transmission: By keeping the maximum number of codewords to 2, each codeword may contain a maximum of 1 to 4 layers. Hence, the current TBS table needs to be expanded to support ~2x peak data rate.
· In addition, the support of a 3- and 4-layer single-codeword layer mapping may be needed for retransmission analogous to the support of 2-layer single-codeword layer mapping in Rel-8.
2.4. Precoding for spatial multiplexing

Due to the imposed overhead, it is unclear whether dedicated RS (DRS) for spatial multiplexing is supported especially for larger number of layers. Hence, codebook-based precoding remains to be the baseline channel-dependent precoding technique for spatial multiplexing. This is especially the case for FDD where UL-DL channel reciprocity cannot be exploited for channel-dependent (“fast”) precoding. 
Consequently, one 8Tx codebook needs to be designed. A good starting guideline for 8Tx codebook design is given in [3]. In particular:

· The codebook size should be minimized as much as possible. The size of 16 elements per supported rank seems reasonable. At the same time, the codebook should be designed to perform reasonably well in carious channel conditions. 
· The codebook structure should be chosen such that it allows efficient precoder selection. This includes properties such as finite alphabet (for low bitwidth multiplication) and nested property (reuse of computation and avoiding large matrix inverse). 
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Figure 1. An example of layer mapping for 8Tx spatial multiplexing. The red-boxed mapping schemes are the additional schemes over Rel-8.
2.5. Control signalling 

In terms of control signalling, the impact of introducing the support of 8Tx is as follows:
· DL control: additional DCI sub-formats for formats 1B, 2, and 2A:

· Size of precoding information (PMI and RI whenever applicable)
· The number of MCS and HARQ-related fields for formats 2 and 2A

· UL control: the number of ACK/NAK bits, the size of CQI, PMI, and RI

It can be inferred that the design given in Section 2.2– 2.4 results in minimum impact on the specification:
· DL control: Only the size of precoding information is changed by 1-bit due to the increase number of possible TRI values. It is assumed that the TBS table which accommodates 3- and 4-layer per codeword does not require >5-bit MCS field per codeword.
· UL control: 1-bit increase in the maximum RI size since a 3-bit RI is also required for 8Tx. This is easily handled since RI is signalled using PUCCH format 2/2a/2b. 
3. Conclusion

This contribution addressed several aspects of supporting 8Tx DL SU-MIMO. It was noted that the support of 8-layer transmission is not needed to achieve the target peak data rate for 100MHz system bandwidth, but rather to enable such peak data rate for lower system bandwidth. Considering its limited applications such as local area setups, low mobility, and loose form factor UEs (e.g. sophisticated laptops) together with the performance and specification impacts, our current view is as follows: 
· Cell-specific reference signals (CRS): a specifically-provisioned CRS for antenna ports 4 to 7 for LTE-A-only subframes and CCE-based CRS for subframes which support coexistence between LTE Rel-8 and LTE-A UEs. 
· Support of 8Tx transmit diversity: simple extension of the current 4Tx transmit diversity
· Layer mapping for spatial multiplexing: a maximum of 2 codewords
· Precoding for spatial multiplexing: codebook-based precoding as a baseline with lower complexity codebook design
· Control signaling: minimum changes for DL control (new DCI sub-formats for 2 and 2A additional 1-bit for precoding information) and UL control (support of 3-bit RI) 
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