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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]. In terms of the overall design of 8Tx DL SU-MIMO, some more recent contributions are given in, e.g. [2 – 4]. The following decisions were made in the previous meetings:
· Closed-loop precoding supported
· Per component carrier:
· Max number of transport blocks: 2
· Number of MCS fields: one for each transport block
· ACK/NAK feedback: 1 AN bit per transport block for evaluation as a baseline
· Codeword-to-layer mapping:

· Up to 4 layers, reuse LTE codeword-to-layer mapping as in 36.211 section 6.3.3.
· Above 4 layers, seek the unified solution taking the LTE codeword-to-layer mapping as baseline.
In this contribution, we discuss several open design issues for 8Tx DL SU-MIMO as well as refinement on the previous agreement which were captured in [1]:

· Target applications
· Support of 8Tx transmit diversity and open-loop spatial multiplexing
· Layer mapping
· Precoding for spatial multiplexing
· Control signaling
A companion contribution that discusses the DL RS design for 8Tx spatial multiplexing (SM) is given in [5]. 
2. Design Aspects of 8Tx SU-MIMO
Based on the discussion in Section 1, several aspects are discussed in details below.
2.1. Target applications
Following the decision on downlink reference signal (DL RS), the CSI-RS which is used for measurements related to UE reporting is transmitted sparsely in the time-domain. At the same time, keeping the location of UE-specific (demodulation) RS within one OFDM symbol is also preferred especially for multi-layer transmissions. 
While ≥4-layer transmission relies heavily on sophisticated UE form factors (e.g. laptops), 8Tx transmission with smaller number of layers (<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. 

Considering the above factors, 8Tx DL SU-MIMO should be targeted to local area setups and low mobility applications. Keeping this perspective allows us to better decide on several design aspects of 8Tx DL SU-MIMO.
2.2. Support of 8Tx transmit diversity and open-loop spatial multiplexing
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. [6].
· 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, it is possible to utilize the four R8 antenna ports for DL control signalling transmission (see, e.g. [5]). Hence, the utility of 8Tx transmit diversity is unclear and the standardization effort on 8Tx transmit diversity is difficult to justify. 
Open-loop spatial multiplexing (OL SM) finds its application in high speed scenario. As discussed in Section 2.1, the target application of 8Tx DL SU-MIMO is for local area setups as well as low mobility. Hence, the need for OL SM is unclear and 8Tx OL SM is a capacity-optimization feature at best unless the DL RS is designed to support higher UE speed.
At the same time, an OL SM scheme can be obtained from the already-supported CL SM setup by simply selecting the precoder matrix at the eNB in a predetermined fashion (e.g. fixed or cycled based on a predetermined pattern). Hence, the closed-loop or open-loop configuration is simply the manner of precoder selection mechanism. This is possible since the current DL RS paradigm for 8Tx LTE-A relies on the UE-specific RS for demodulation. In this case, the transmit PMI does not need to be indicated in the DL grant regardless whether the 8Tx SM is configured as closed-loop or open-loop.
2.3. Layer mapping for spatial multiplexing
Following the suggestions from several contributions (see, e.g. [2, 3]), a maximum of 2 TBs and unified extension were decided in RAN1#56 and #56bis [1]. The exact layer mapping scheme for 5 to 8 layers is still undecided. 
A simple and natural extension of the 4Tx layer mapping is shown 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.
Such mapping supports up to 2-iteration SIC. While the gain from additional SIC iterations may be contemplated, the additional gain may be questionable in practical scenarios (e.g. [3, 7]). Hence, adding new features to enable the support of >2-iteration SIC is neither compelling nor necessary in our view.
2.4. Precoding for spatial multiplexing

Due to the imposed overhead, it is unclear whether other types of UE reporting (e.g. direct channel feedback) will be supported. 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 [4, 8] along with some design examples in [9, 10]. In particular:

· The codebook size should be minimized as much as possible. The size of 16 elements per supported rank seems to be a reasonable starting point. However, the possibility of larger codebook should not be precluded as suggested in [9] At the same time, the codebook should be designed to perform reasonably well in various 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). Note that nested property is also needed to ensure a satisfactory support for rank override.
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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). Transmit PMI may not be needed due to the use of UE-specific RS for demodulation and hence can be taken out.
· 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. Considering its limited applications such as local area setups, low mobility, and loose form factor UEs (sophisticated UEs such as laptops) together with the performance and specification impacts, our current view is as follows: 
· A standardized 8Tx transmit diversity is not needed. 
· Applicability of a specialized open-loop spatial multiplexing scheme is unclear if DL RS is designed to be sparse and highly localized in the time-domain. Open-loop spatial multiplexing can be obtained from closed-loop via a non-channel-dependent precoder selection.
· Layer mapping for spatial multiplexing: simple extension of 4Tx layer mapping with 1 TB mapped onto 2 to 4 layers depending on the rank.
· 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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