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1 Introduction
One of the advanced features in LTE-A is the support of higher-order MIMO [1]. It is shown that the asymptotic capacity of a wireless system grows linearly with the minimum number of independent transmit and receive antennas. Higher number of transmit antennas could also enable much narrower beam-forming to extend coverage. In [2], we studied statistical properties of high-order MIMO channels and their capabilities to deliver multi-layer data. Results in [2] show that due to a big drift between the statistical properties of the singular values of the channel, the number of layers saturates as the number of antennas grows. We also provided some MU-MIMO simulation results and the gain of a simple dirty paper coding algorithm. In [3], we provided further simulation results on the effect of feedback granularity and feedback quality on the performance of MU-MIMO schemes. In [4], we studied some higher-order MIMO scenarios and applicable solutions. In this contribution, we review solutions applicable to cooperative MIMO and multi-user MIMO.
This is a re-submission of R1-091382.
2 Same-cell Higher-Order MIMO 
A LTE-A UE may experience data reception from more than four transmit antennas from its serving LTE-A eNodeB. Depending on the physical location of the antennas and their type, different scenarios should be considered. Here, we study several such scenarios and discuss the impact on LTE-A specifications.
2.1 Same site multi-user MIMO
With all the transmit antennas located at the same place, the UE experiences the same long term fading and timing between the transmit antennas. On the other hand, increased spatial correlation between transmit antennas is inevitable as the number of antennas grows. The following MU-MIMO solutions are among solutions to be considered for same location higher-order MIMO.

MU-MIMO using fixed-beam SDMA: The cell is divided by a few fixed beams and users located in different beams can be paired up to increase the throughput. With this technique, the number of common RS can be less than the total number of ports in different beams by reusing the CRS location. Such sectorization requires little change to the specifications. Such a system, however, provides a lower peak data rate.

Closed loop MU-MIMO: Rel-8 specifications supports a primitive MU-MIMO operation. The performance of such MU-MIMO is limited by inaccurate CQI feedback, residual interference due to using a coarse codebook and UE’s lack of knowledge about the interfering precoder. Moreover, pairing users can be improved by improved feedback mechanisms such as reporting best and worst companion vectors [6]. The demodulation for such users can be based on CRS or DRS. Using orthogonal DRS allows for more advanced recievers to mitigate the residual interference. With a good CSI knowledge at the transmitter, the total number of layers transmitted to the UEs may exceed the number of receive antennas at each UE which increases the sector throughput. Some examples such as 8x2x4 and 8x4x2 MU-MIMO are studied in [4].
MU-MIMO in TDD BF: Two or more UEs receive data using antenna port 5. on the same resources. Depending on the level of spatial orthogonality between the users, the power leakage may or may not be negligible. With negligible power leakage, the DRS for the two users can be non-orthogonal and occupy the same location. In this case, such MU-MIMO scheme needs little support from the specifications. However, with high co-channel correlation, orthogonal DRS to different users is required to allow for interference mitigation techniques and hence, to improve the MU-MIMO performance. 

2.2 Distributed higher-order MIMO

By mounting different remote radio heads (RRH) of the same cell, different antennas experience different path loss and shadowing as well as different signal arrival at the same UE. On the other hand, the signals from different location experience no or little spatial correlation.
Distributed antennas are very well suited for MU-MIMO. The eNodeB pairs up users that are close to different antenna locations. Path loss can guarantee a low interference leakage between some users that are closed to different RRH. Although such MU-MIMO can be supported using LTE MU-MIMO capabilities, giving the UE access to DRS intended for the other UEs improves the decoders capability to mitigate the inter-user interference. 

2.3 Cooperative higher-order MIMO

2.3.1 Single user MIMO/CoMP

The signal arriving at the UE may originate from different cells. In that case, the UE may access to CRS from all participating cells. Different cooperation schemes are studied in [7] and their impact on the RS design is studied in [8]. Different CoMP schemes require standard provisions on RS pattern, data and CSI sharing and synchronization. In [8], the cooperation schemes are categorized to open loop, semi closed loop and closed loop. Some of the schemes presented in [8] are as follows. 
SFN CoMP: The same data stream/streams are transmitted from different eNodeBs and the UE receives a superposition of the data from different sites. SFN preserves the number of layers transmitted to the level of a single site. However, the UE may still need to access to all antenna ports from different sites for channel measurement and/or demodulation if DRS is not available or there is excessive timing mismatch between different sites, as excessive timing mismatch increases the frequency selectivity of the channel and hence degrades the channel estimation quality from DRS. If there is no phase adjustment among the cells, the streams may add constructively or destructively.
Short delay CDD CoMP: Similar to SFN, except by using small delay CDD, multi-site diversity turns into frequency selectivity.

OL space-tone CoMP: To improve coverage and multi-site diversity for high and moderate speed users, all or some antenna ports from cooperating sites use a space-tone block code (for example an extension of Alamouti SFBC/FSTD adopted in LTE) to serve the user. 

OL SM CoMP: Different data streams could be transmitted independently from different eNodeBs participating in CoMP to enhance the system capacity. 
Semi CL space-tone CoMP: Each site performs a CL operation towards the UE and streams from different sites form a space tone code (such as Alamouti code used in LTE SFBC) to enhance multi-site diversity.
Closed loop with phase adjustment: Each site performs a closed loop operation and a phase adjustment using explicit feedback or PMI feedback from a codebook guarantees constructive superposition of the signals from different sites at the target UE.
Joint precoding: The UE is served by all participating eNodeBs assuming that they form a big antenna unit. This requires sufficient timing adjustment and coordinated RS design. It also requires a feedback mechanism to support channel measurement, report and demodulation. In addition, the participating eNodeBs may have to share the transmitted data if closed-loop precoding is used.
Multi site SDMA: When a UE experiences a high geometry from more than one eNodeB, different sites may transmit different data streams to the UE turning the interference into useful data increasing the total cell throughput. Such a technique requires no data or CSI sharing among the cells.
2.3.2 Multi user MIMO/CoMP

Interference avoidance: Interference avoidance techniques are very beneficial to interference limited users. With multi-cell multi-user higher-order MIMO, the cooperating cells avoid transmitting signal to UEs in the neighbouring cells. Although avoiding the interference might require not using the best precoder for the targeted UEs, it allows for significant SINR improvement for the cell edge UEs and improving the coverage and sector throughput. Different techniques such as reporting the best and worst companion vectors [6] or iterative precoder selection are proposed to achieve such interference avoidance gains. Provisions for measuring the channel from participating cells and reporting it are required by the specifications to support such techniques. With this technique, the cooperating cells share CSI on top of joint scheduling.
X-MIMO [9]: By combining interference avoidance multi-site MU-MIMO and Multi site SDMA, the two UEs scheduled in the same time-frequency resource receive data from both participating cells. Each site transmits data to both UEs such that it does not interfere with the data layers intended for the other UE transmitted by the other eNodeB. It is shown that such a technique, increases asymptotic multiplexing gain to more than the minimum number of antennas at the eNodeBs  or at the UEs and beneficial for high geometry users.
Multi-user Multi-cell higher-order MIMO: Assuming all the antennas from all participating cells as a one huge super-cell, some UEs in different cells may be scheduled to receive signal from more than one cell on the same resources. The main difference between this technique and interference avoidance multi-cell multi-user CoMP is that participating cells share both data and CSI.
3 Summary
In this contribution, we study some aspects of higher-order MIMO transmission in single and multi cell scenarios. When different antennas are located at different locations or they belong to different cells, some provisions in the specifications are required to allow for channel measurement and estimation and UE feedback. Moreover, MU-MIMO operation can be improved by improving the UE pairing process and UE access to the precoding matrix for other UEs. Power and timing mismatch and their impact on the performance are to be studied for distributed antennas and CoMP MIMO.
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