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1. Introduction

It was agreed at the RAN#51 meeting that discussions on Release 11 (Rel-11) study item (SI) regarding DL MIMO would begin from this RAN1 meeting [1]. In this contribution, we present our initial views on the categorization and identification of potential deployment scenarios as well as on candidate CSI enhancements to be included within the scope of DL MIMO in Rel-11. Also, we provide a wayforward on the steps to follow to proceed within the study item phase.
2. Multi antenna/point transmission in heterogeneous networks
Spatial processing techniques such as SU-MIMO, MU-MIMO and coordinated multi-point (CoMP) are enabling technologies to improve link and system spectral efficiency. In Rel-8, 9 and 10, homogeneous macro deployment was the main focus of the discussions and evaluations. However, non-uniform networks, i.e, heterogeneous networks including hotzones, as shown in Fig. 1, are recently becoming more important as offloading solutions in order to cope with the rapidly growing data traffic. Therefore, further enhancements of MIMO and CoMP techniques for these specific deployments might be necessary. In particular, the characteristics of the physical propagation channel and the antenna configurations for these specific deployments could be much different than uniform macro deployments, and thus might be a driving motivation behind further optimizations. For these non-uniform deployments, capacity enhancement could be envisioned by either improving capacity within each transmission point/cell or improving coordination between transmission points/cells.
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Figure 1 – Illustration of heterogeneous network deployments.

2.1. Target deployment scenarios in heterogeneous networks
Figure 2 shows our categorization of potential scenarios in heterogeneous networks. For the scenarios in Figs. 2 (a) and (b), the main focus would be to extend the existing CSI feedback schemes to multiple points which could have either identical or different cell IDs, thus the Rel-8 2Tx codebook can be applied per transmission point. These scenarios could be studied in CoMP.
Figure (c) shows an example of multiple hotzones forming distributed 4Tx MIMO transmission. New codebook might be benefitial for this scenario since the characterization of the 4Tx MIMO channel is different from what is assumed in designing the Rel-8 codebook. The codebook aspects could be studied in DL MIMO and feedback aspects could be discussed in CoMP if different cell IDs are assigned to each transmission point.
Figure (d) shows a scenario for a single hotzone forming localized 4Tx MIMO transmission. New codebook might be benefitial to improve MU-MIMO performance for this scenario since characterization of the 4Tx MIMO channel would be less correlated due to the local area deployment. Codebook design and feedback schemes for this scenario could be studied in DL MIMO.

Hotzone scenarios (c) and (d) represent therefore potential target of further optimizations and enhancements to be studied in DL MIMO SI. A further categorization of hotzone scenarios from the perspectives of indoor/outdoor and distributed/localized is depicted in Fig. 3. Different scenarios have different channel propagation conditions (angle spread, delay spread, antenna correlation as well as equal or unequal path loss). These propgataion conditions might motivate new designs and further optimizations. 
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Figure 2 – Potential scenarios in heterogeneous networks.
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Figure 3 – Categorization for hotzone scenarios.

On the other hand, prioritization of antenna configurations has great impact on the specifications of transmission and feedback schemes. In addition, it is important to focus on antenna configurations of higher priority for network operators. Therefore, specific prioritization of antenna configurations corresponding to potential scenarios (both indoor/outdoor and localized/distributed cases) needs to be identified. We should note here that the total number of antennas can be more than 4Tx (e.g. 6Tx), in the distributed scenario. Therefore, we might need to agree on the maximum total number of antennas and the number of antennas localized at the same site (e.g., 2Tx antennas per site).
2.2. Principles and approaches for CSI feedback enhancements and optimizations
The need for new designs for CSI feedback mechanisms including associated codebook structure and control signalling is to be investigated for MU-MIMO. For this purpose, previous studies in Rel-8/9/10 can also be revisited, e.g., [2-5]. In the following we list up some potential approaches for CSI feedback enhancement. 
Codebook enhancements for hotzone scenarios (Indoor/Outdoor, Localized/Distributed)
For 4Tx antenna configuration, codebook granularity and design of PMI in Rel. 8 were done for linear arrays in eNB and mainly with SU-MIMO operation in mind. In Rel. 10, the target deployment scenario for MU-MIMO was a macro cell site with closely spaced cross polarized antenna pairs or closely spaced uniform linear array which enables eNB to exploit the correlation of the channel for MU-MIMO precoding. For hotzone (indoor and outdoor) scenarios, channel correlation could not be fully exploited due to local area antenna deployments surrounded by lots of scatters. Furthermore, if precoding is applied across geographically-separated antennas, path-loss difference between antenna ports would need to be considered to obtain precoding gain. Thus, codebook design should consider wide variety of deployment and propagation conditions. In particular, codebooks with higher granularity might be required to achieve higher nulling gains as antenna correlation is expected to be lower. For propagation scenarios with equal and unequal path-loss for localized and distributed antenna configurations, the feedback of quantized long term information related to path-loss of each Tx/Rx antenna pair or path-loss difference among multiple distributed antennas can be considered. In addition, scalability and commonality of feedback schemes for localized (especially 4Tx) and distributed (total number of antennas more than 4Tx) scenarios need to be considered.
CSI feedback optimizations for low-mobility
With low mobility, the channel coherence time is sufficiently long, and it is possible to profit from greater accuracy for the CSI feedback. It is therefore of interest to consider ways of improving the accuracy of CSI feedback in order to enable Rel-11 to achieve a higher system capacity than what is possible with Rel-8. Examples of feedback reduction approaches are given by:
· Exploitation of time/frequency correlations inherent in the channel
· Separation of long-term and short-term components in the channel
Taking CSI as an example, the delay and average amplitude of most significant components might be signaled on a long-term basis while instantaneous fading coefficients might be signaled on a short-term basis with reduced dynamic range.
· Report of dominant eigen-components of the channel
This consists of feedback of multiple channel direction indication (CDI) to provide information regarding principal components of the channel structure. 
· Scalar and vector quantization of the channel
The feedback can be in the form of scalar quantization of the actual channel coefficients between different antennas. Performance and complexity trade-off of such a scheme needs to be compared with vector quantization.
2.3. Wayforward on study steps
Steps to follow in order to identify/prioritize/study potential scenarios and antenna configurations that are worth further feedback enhancement and optimization are described as below:
· Step 1: Reach agreement on target deployment scenarios and antenna configurations (including number of antennas)
· Step 2: Evaluate performance for agreed scenarios & configurations

·  Performance of SU and MU-MIMO assuming existing codebooks.
·  Performance gain of higher granularity codebooks and enhanced feedback schemes
· Consider schemes not fully addressed in Release 10 including more explicit channel quantization.
· Consider scalability and commonality of new codebook designs between localized and distributed scenarios
· Trade-off between feedback overhead and performance gain.
3. Conclusion

In this contribution, we provided our initial views and breakdown of potential deployment scenarios to be considered for CSI feedback enhancement for DL MIMO in Rel-11. The identified main scenarios are hotzone scenarios which include both localized and distributed antenna configurations in both indoor and outdoor environments, all characterized by low mobility and low antenna correlation. On how to proceed within the study item phase a wayforward on the steps to follow was provided. As a next step it is important to decide on the target of CSI feedback enhancements for DL MIMO Rel-11 by agreeing on potential scenarios and prioritizing antenna configurations.
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