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Discussion and decision
1 Introduction
In RAN#51, a DL MIMO enhancement study item was approved.  The objectives of the study item are as follows,

· With first priority:
· Evaluate issues from real-life network deployments of MIMO. 
·  Identify the need for DL MIMO enhancements, and evaluate such enhancements, applicable to non-uniform network deployments, low-power nodes (including indoor), relay backhaul scenarios, and practical antenna configurations (especially 4 tx, and including geographically-separated antennas i.e. macro-node with low-power RRHs), including:
· Evaluate UE CSI feedback enhancements, including:

· Identify and evaluate techniques for CSI feedback accuracy enhancement, especially for MU-MIMO.
· New codebooks or techniques for codebook selection, modification or update may be included, considering different environments and deployment scenarios.

· Assess the standardisation impact of the studied techniques, including impact on CSI payload sizes. If relevant feedback proposals are not directly implicit in nature, the study of testing aspects should be included. 
· Evaluate enhancements for downlink control signalling:
· to support MU-MIMO;
· based on UE-specific reference signals.
· With second priority:
· Evaluate open-loop MIMO, including open loop MU-MIMO operation
· Within the constraint of not introducing new antenna ports, evaluate possible enhancements for demodulation RS for MIMO, including considering improved orthogonality for MU-MIMO and possibilities for DMRS overhead reduction.
This paper discusses the real-life DL MIMO scenarios and the aspects of those scenarios which call for enhancements in Release 11.  
2 Real Life Deployment Scenarios
LTE deployments are now widespread and already cover diverse configurations and environments, including dense urban, urban, suburban, rural, highway, airports and hotspots.  There is also a wide variety of deployment strategies depending on operators’ preferences and traffic profiles.  The LTE system was designed to support all deployment scenarios, taking into account radio channel variations in time, frequency and space.  However, the MIMO performance in particular is very sensitive to the different radio channel characteristics in different deployment scenarios.  Therefore, it is critical to identify the deployment scenarios in which MIMO performance has been found to be not the best, and to introduce enhancement to address these. 
2.1 Indoor and Vertical Coverage
LTE system deployments have tended to start in the dense urban areas which often have a high density of high-rise buildings as shown in Figure 1.  UEs are then not only distributed in horizontal space but also at different angles of elevation.  
The UE-specific beamforming feature in Rel-10 is not designed for UE distributions in three dimensions - i.e. in both the horizontal and vertical directions.   Insufficient support of beamforming in the vertical direction reduces the system’s capability for interference management through beamforming and thus adversely impacts the system capacity.  This makes it challenging to cover high-rise buildings in dense urban environments, since the available options for antenna siting have often been found to be very limited.   
A companion paper [2] raises related channel modelling issues for evaluation purposes.  
Moreover, coverage needs to extend to deep indoor environments where large penetration losses are experienced.  Vertical beamforming is needed in order to provide additional concentration in transmission power for deep indoor coverage.     
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Figure 1: MIMO coverage in dense urban area
2.2 Antenna configurations in the diverse deployment scenarios
Practical antenna configurations also impact the DL MIMO performance in real-life LTE deployments.  Different operators have different antenna configurations for their own specific reasons.  However, the LTE MIMO system was designed based on a limited set of antenna configurations.  The LTE MIMO system therefore struggles to meet target performance with other varieties of antenna configurations in real deployments.  The performance of the advanced antenna features, such as TM9 multi-layer beamforming, is particularly sensitive to the antenna configuration and deployment scenario.  
Rel-11 therefore needs to address the MIMO performance for the real-life antenna configurations in LTE deployments.  In particular, we identify at least the following antenna configurations where further enhancement is needed to improve MIMO performance:
· Uniform Circular Array (UCA) – Some operators set up the antenna configuration in a uniform circular array.  The advantage of the UCA antenna configuration is to allow semi-static reconfiguration of the coverage area through adaptive sectorization.  The propagation from a UCA antenna configuration is quite different from that of Uniform Linear Array (ULA) antenna configurations.  The CSI feedback codebook designed for ULA antenna configurations does not fit well for UCA antenna configurations.    
· Large Separation x-pol antenna– Most operators begin their LTE deployments based on their 2G/3G antenna configurations, which are typically 2 Tx.  If an operator wishes to add additional antennas for advanced MIMO features in LTE, the choice is between replacing a 2 Tx antenna radome by a 4 Tx antenna radome or adding an additional 2 Tx radome.  These two solutions for a 4 Tx LTE configuration have different MIMO performance.  It is a high priority to enhance the DL MIMO features to give similar performance with 4 Tx with 2 Radomes with large separation as for 4 Tx within a single radome. A companion paper [3] provides some further initial insight into the problem of efficient DL MIMO support with widely-spaced cross-polarized antennas.
· Geographically separated antennas – As already discussed in relation to CoMP Scenario 4, a real-life deployment scenario is the hot spot where the UEs are non-uniformly distributed in the macro coverage area.  One solution is to use low power remote radio heads (RRHs) to enhance the coverage of the hot spot areas as shown in Figure 2.  Low power RRHs can also extend the cell coverage to fill the coverage holes of the central antenna, as is the case for RRH4 in Figure 2.  

In Figure 2, the UEs will have different DL MIMO performance within a cell depending on their location with respect to the RRHs.  The MIMO performance is not optimized for this case.  The following aspects need to be considered: 
· Tx Antenna Power imbalance – When UEs are covered by both a high power Tx antenna from the central location and a low power RRH, the UE observes a MIMO channel with unbalanced transmission powers from the two sets of antennas.   The current PMI feedback codebooks are not well adapted to such Tx power imbalances.  Furthermore, because the CQI is derived based on the PMI, the CQI feedback often does not approach the actual useful CQI value that could be obtained.  
· TDD reciprocity issues – One of the advantages of TDD systems is the channel reciprocity.  The eNB can estimate the UL channel state information and use it for the DL.   However, when the UEs are covered by both high power central antennas and low power RRHs as in Figure 2, two UL CSIs are separately estimated by the central node and RRH.  How to use two distinct UL CSIs for DL MIMO is not straightforward within the framework of the current CQI feedback structure.  

[image: image2]
Figure 2: MIMO coverage with geographical collocated and sepatrated Tx nodes
3 Conclusions
In this contribution, we outline the most pressing issues for DL MIMO that are evident in real life deployments. The performance of advanced MIMO features is particularly sensitive to the deployment scenario and antenna configuration.  We summarize the aspects to be addressed as follows:  
· Typical dense urban deployments - DL MIMO performance for indoor and vertical coverage.  

· Different antenna configurations – examples are uniform circular array antenna, large separation cross-polarized antennas, and geographically separated antennas.  

Companion papers [2, 3] address some related aspects in more detail. 
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