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1
Introduction
It is decided to consider MIMO operation with up to 8 transmit antennas in LTE-Advanced for meeting the peak requirements set by LTE- Advanced [1]. In this document we present our views on different issues regarding the DL MIMO operation in LTE-A and provide some link simulations in support of the views. These issues concern support of higher order MIMO, design of transmit diversity in system with larger number of antennas and enhancement to MU-MIMO and beamforming techniques. 
2
Reference Signal Design
A way forward on DL reference signal design for LTE-A was decided in previous meeting [5]. In particular, it was agreed that two forms of RS should be allowed: Demod RS (DM-RS) for PDSCH demodulation and CQI-RS (for PMI/CQI/RI reporting when needed). 
Given different modes of operation in DL such as SU-MIMO, MU-MIMO and Cooperative MIMO, we believe that the design of the RS should be done with consideration of all these scenarios at the same time. In [4], we have further provided our views on RS design for higher order MIMO and CoMP in LTE-A.
3 MIMO schemes

3.1 Multiplexing Schemes
In order to achieve the peak rate requirements for LTE-A, multiplexing schemes with transmission of up to 8 layers needs to be considered. Current multiplexing schemes in Release 8 LTE can support up to 4 layer transmission. Trade-off between overhead and UE complexity and the throughput gains should be studied carefully in design of new multiplexing schemes that uses the additional antennas at the eNodeB. Number of codewords, precoding design, and design of new feedback schemes are among the features to be considered for support of high order multiplexing.
Number of codewords and Layer Mapping

Number of codewords and the codeword to layer mapping need to be decided for higher order MIMO operation. The number of codewords will provide a trade-off between the throughput gains and the overhead in signalling and feedback. Increasing the number of codewords incurs larger overhead in uplink for HARQ acknowledgement and channel information feedback transmission. The gains of employing larger number of codewords needs to taken into account the incurred overhead in UL and DL control channels. Also, the number of codewords considered for 8 Tx antenna operation depends on the baseline receiver structure. For Linear MMSE receivers there is no gain of going to larger number of codewords. For receivers that use inter-stream interference cancellation, e.g. MMSE-SIC, larger gains may be possible. 
Figure 3‑1 shows the performance of Linear MMSE and MMSE-SIC in 8x8 system with different number of codewords under ideal channel estimation. The channel considered in these simulations are spatially uncorrelated channel with TU 3km/h power delay profile. The CQI feedback is 5 bits per codeword.  The codewords to layer mapping is based on extension of Release 8 mapping to 8 layers by allocating equal number of layers to each stream (for odd ranks, stream 2 will have one layer more than stream 1). The precoding matrices used are rank specific and obtained from randomly rotated DFT matrices. The number of precoding matrices per rank is kept the same as Release 8, i.e., 16. 
As we can see the performance gain of increasing number of codewords for LMMSE is negligible. For MMSE-SIC receiver the performance gain from 4 to 8 codewords is also limited at most to 6%-8% for large geometries. These gains are obtained under ideal channel estimation and one expects smaller gap with channel estimation error. We, therefore, suggest limiting the number of codewords in LTE-A to 2 to avoid increasing the overhead without significant loss in performance.

Furthermore, performance of other non-linear receivers such as approximations of MLD, e.g. QRM-MLD, in combination with SIC can be considered while limiting the number of codewords to 2. For instance it is possible to use QRM-MLD on each codeword and use interference cancellation across the codewords to improve the performance. 
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Figure 3‑1: Throughput vs. Number of Codewords
Precoding Design
Release 8 of LTE currently provides precoding for up to 4 Tx antennas. New precoding design is required for 8 Tx antenna configuration. The design of the precoding matrices should consider the use cases and typical environments that 8Tx antenna system are deployed (e.g., practical antenna configurations for 8 Tx antenna system, channel models, number of Rx antennas available for UEs.). In particular, precoding design should consider dual polarized antenna systems and highly correlated antenna array. Furthermore, Release 8 precoding is optimized for SU-MIMO operation and there has been no optimization in the design for MU-MIMO scenarios. It is suggested that precoding design for MU-MIMO operation is revisited for improving the performance of SDMA operation in LTE-A.
Open Loop Multiplexing

Open loop multiplexing schemes are considered for LTE release 8 to provide higher data rate transmission to high mobility users that have high geometry. The current design employs large delay CDD along with cycling over the precoding matrices. Open loop multiplexing schemes using higher number of antennas are similarly required for LTE-A mobile users with high geometry. 

We should remark that employing precoded reference signals for demodulation provides the network with the flexibility of choosing the precoding matrix without any signalling required to the users. Large delay CDD schemes can be used on the precoded channel to provide additional diversity. 
Furthermore, given the larger number of antennas and the incurred overhead, multiplexing option that are open loop or require partial feedback on the channel directionality can be considered for providing throughput and/or diversity gains with reduced overhead in the system.
It is also desired not to limit the number of layers of transmissions in open loop MIMO so that peak data rate can be achieved for  high geometry UEs with mobility or UEs operating in reduced feedback modes.
3.2 Transmit Diversity Schemes

Given the presence of larger number of antennas at the eNodeB it is possible to consider new diversity schemes that employ larger number of antennas. However, marginal gains are expected by employing 8Tx diversity schemes over the already defined schemes in LTE Release 8. Additionally, these schemes will require channel estimation from all the 8 Tx antennas for demodulation which will results in a large overhead. Therefore, it is suggested to consider Release 8 diversity schemes (that employ Tx 4 antennas) for LTE-A UEs as well. One important issue though, is allowing for full power utilization from all the PAs at the eNodeB for transmission to LTE-A and legacy UEs. Antenna virtualization techniques described next will achieve this goal in a transparent manner from the legacy UE.
Antenna Virtualization
Antenna virtualization can be done by mapping the physical antennas to virtual antennas. The transmission of common reference signal (CRS), data and control channels for legacy UEs will be from the virtual antennas. Proper definition of the mapping allow for full power utilization from all the PAs. Furthermore, it is possible to provide additional diversity to Release 8 UEs in a transparent manner from the larger number of antennas at the eNodeB. We further suggest that the diversity mode transmission to LTE-A UEs be done based on Release 8 diversity schemes on the virtual antennas.
 There are multiple ways of mapping physical antennas to virtual antennas. One way of defining this mapping is as follows: pairs of antennas are grouped together to from the 4 virtual antennas.: (1,5)(1’, (2,6) (2’, (3,7)(3’, (4,8)(4’. Each virtual antenna i’ is obtained by linear combination of physical antennas (i, 2i+1) with phase offsets (0, 
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), where k is the frequency tone index . One example would be to consider phase as a linear function of the tone index (e.g., PSD or CDD with possible fixed phase offset), i.e. 
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.  In choosing of these parameters, channel estimation quality of the virtual channels, performance under different correlation scenarios should be considered. For instance considering frequency independent mapping, i.e. 
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[image: image5.wmf]'

i

q

 can deteriorate the channel estimation quality for legacy UEs.
In the following simulations, FER curves of different diversity schemes for turbo code with QPSK 1/3 and ¾ are provided. The UE is assigned 4RB uniformly distributed in a 5MHz system. The channel model is TU with 30km/h speed. The following diversity schemes are considered:

· 4x2 Tx system with Release 8 FSTD-SFBC.
· 8x2 system with antenna virtualization (with parameters 
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for four virtual antennas) + FSTD-SFBC on the 4 virtual antennas.
· 8x2 system with 8Tx FSTD-SFBC diversity scheme: In this method SFBC coding is performed on antenna pairs (1,5) , (2,6) , (3,7), (4,8) over 8 tones in total.
Figure 3‑2 shows the performance of 8Tx diversity scheme compared to combination of antenna virtualization and 4Tx diversity schemes. As it can be observed the gains of 8Tx diversity in this case is very limited in both low and high  Tx antenna correlation scenarios. Note that the results shown are with idea channel estimation. However, for 8Tx FSTD-SFBC schemes, unprecoded DM-RS from all the antennas (8) is required which can incur a large overhead in the system.

Figure 3‑3
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 and 3‑4 shows the sensitivity of the virtualization parameters to the channel parameters. These simulations include channel estimation losses. As we can see the performance of different virtualization scheme under low spatial correlation is similar. However for large antenna correlation equal delay values (i.e., CDD) can create frequency nulls. In this case, fixed phase offsets can compensate the high correlation.

To summarize, our view on transmit diversity

· Antenna virtualization is required to utilize the full power of all the PAs efficiently. It also provides possible additional diversity even for legacy UES.

· Tx diversity operation for LTE-A can be limited to Release 8 diversity scheme employed on the virtual antennas, for which CRS is provided.
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Figure 3‑2: Comparison of 8Tx diversity and CDD+ 4Tx diversity  for Turbo code                                                     QPSK 1/3, 3/4 and perfect channel estimation in 8x2 system
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Figure 3‑3: FER curves for Turbo code QPSK 1/3, 3/4, no antenna correlation, non-ideal channel estimation
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Figure 3‑4 FER performance for Turbo code QPSK 1/3, 3/4, 0.9 antenna correlation, non-ideal channel estimation
Finally, we note that using frequency dependent antenna virtualization, it is possible to provide additional diversity to legacy UEs in a completely transparent manner. Figure 3‑5 shows the same setup as previous simulations (i.e., 4 RB distributed in 5MHz) with pedA channel model. It can be observed that using CDD based scheme additional frequency diversity can be obtained by using larger number of antennas at eNodeB.
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Figure 3‑5: Benefits of Antenna virtualization for pedA channel.
4 Multi-stream beamforming 

Current beamforming and MU-MIMO operation defined in Release 8 is limited to single layer transmission. Enhanced beamforming and/or MU-MIMO can provide system wide gains and improve cell spectral efficiency and user experience. One possible extension would be to allow for beamforming of multi-streams. Multi streams can belong to the same users or to different users for multi-user beamforming. Of particular interest will be TDD scenario where the eNodeB can use the reciprocity of the channel for beamforming. The required overhead of SRS in the uplink should be considered in evaluation. Different techniques for beamforming can be considered that use SRS or CRS channel estimation to compute the beams and the CQI/rank. 
Figure 4‑1 shows the performance gains possible by multi-stream beamforming over single stream beamforming. The simulation considers TDD scenario and assumes that the channel is perfectly known at the eNodeB using reciprocity. Precoded DM-RS that uses CDM pilot structure is used for channel estimation at demodulation with structure shown in Figure 4‑2. Using precoded DM-RS (dedicated per UE) provides the eNodeB with the flexibility in choosing the beams without any signalling required to the UE.  Ideal eigen-beamforming is assumed in these curves where the transmission happens through the strongest (or the two strongest) eigenvectors of the channels. The rank and rate prediction is LMMSE based. As we can see there is a large gain to be had with multi-stream beamforming. Although these curves provide an upper bound in what can be achieved, it suggests considering multi-stream beamforming for benefit of spectral efficiency of UEs especially in TDD mode. Practical issues like calibration errors, dealing with asymmetric antenna configuration and practical feedback mechanisms need to be further studies. Also the incurred overhead on SRS in TDD needs to be studied further. Furthermore, DRS design in support of multi-stream beamforming enables the NodeB in high precision precoding and needs to be considered beyond rank 1 transmission.
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Figure 4‑1: Single streaming vs Dual Streaming for 4x2 and 8x2 setup
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           Figure 4‑2: DM-RS Used for rank 1 and 2 in simulations. For rank 2, the pilot from  the two streams (ports 5 and 6) are spread over two adjacent RS tones
5 Summary
In this paper, we outlined our views on different design aspects of DL multi-antenna operation in LTE-A. In summary, the following design guidelines are proposed:
· Limiting the number of codewords in multiplexing schemes to 2
· Limiting Tx diversity schemes to Release 8 diversity modes combined with antenna virtualization methods that allow for full power utilization of all the antennas for both LTE and LTE-A users
· Support of open loop MIMO scheme with possible transmission rank of 8 to achieve peak rates in open loop cases as well
· Consideration of multi-stream beamforming in the context of SU and MU MIMO and providing LTE-A standard specification support, e.g., in the context of DRS design,  to benefit from the possible gains
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