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1. Introduction

At the RAN1#65 meeting, it was agreed that discussions and agreements on detailed evaluation assumptions for scenarios/antenna configurations are required in order to be able to initiate discussions on channel state information (CSI) feedback enhancements within Rel. 11 DL MIMO SI [1]. During last months, DL MIMO scenarios were discussed among operators with the goal to input their categorization and joint prioritization of the scenarios to this RAN1#66 meeting [2]. In this contribution, we summarize our views on the highly prioritized scenarios from both deployment and potential CSI feedback enhancements perspectives. 
2. Rel. 11 DLMIMO scenarios
In Rel-8, 9 and 10, homogeneous macro deployment was the main focus of the discussions and evaluations of CSI feedback enhancements for DL MIMO. Recently, however, in order to cope with the rapidly growing data traffic, non-uniform networks, i.e, heterogeneous networks including hotzones, as shown in Fig. 1, are becoming more and more important as solutions for offloading traffic from the macro cell to small cells (low power nodes). Thus, besides considering further macro cell enhancements (although challenging), improvements for heterogeneous deployments including hotzones need to be considered in parallel. For these deployments, further enhancements 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.
Inline with the above-mentioned trends/views, in the DL MIMO SI description [1], the target scenarios for potential enhancements are listed as below:
· Low-power nodes (including indoor)
· Non-uniform network deployments
· Enhancements for 4Tx antenna configurations
· Geographically-separated antennas
· Relay backhaul (possible optimization for strong LOS components)
In addition, potential directions of CSI feedback enhancements are stated as: 

· CSI feedback accuracy enhancement, especially for MU-MIMO
· New codebooks or techniques for codebook selection (modification or update maybe included)
· Assess the standardization impact of studied techniques (including impact on CSI payload sizes)
However, the above descriptions are not specific and somehow generic. In particular, viewing the variety of scenarios listed above, the load of this study item looks tremendous at the first glance. Thus, in order to further clarify and narrow-down the scope of this SI, further breakdown, categorization and prioritization of the above scenarios and targets have been conducted by operators. Following detailed discussions while taking into consideration the balance between the importance of a scenario from deployment point of view (by the majority of operators) and the need/possibility for further CSI feedback enhancements within Rel. 11, the main scenarios highly priortized by operators are as listed in Table 1.
Table 1 – List of scenarios prioritized for Rel. 11.
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N.B. Relay backhaul was identified as mid priority. Its inclusion in the DL MIMO SI, however, is to 
be decided at RAN#53. 
3. Prioritized scenarios and potential enhancements
In this section, we provide our views on the following scenarios that are also of our interest: macro cell scenario, macro cell and low power RRHs with same cell ID scenario, and the small cells scenario. Considerations from standardization impact are also briefly discussed.
3.1. Macro cell
In the future, although heterogeneous networks will play an important role for traffic offloading from the macro cell, the macro cell will continue to be of high priority from the deployment perspective, in particular as a key differentiator for mobile operators. Thus, given its importance, it becomes important to study the macro cell scenario and explore new directions for CSI feedback enhancements. However, several enhancements of the macro cell were discussed in Rel. 10; the repetition of these discussions or their revisit would need to be avoided. In particular, this should be considered for topics that were discussed and for which only limited gains were identified by the majority of companies. To this end, it becomes essential to identify new study elements for the macro cell scenario. In the following we summarize our views on currently raised study elements under the macro cell scenario.
- Cross-polarized antennas (2Tx, 4Tx, 8Tx): 
From the practical deployment perspective, 2Tx and 4Tx antenna configuration should be prioritized. Rel-10 provides gains for DL MIMO in the macro cell for 4Tx closely spaced co-polarized antennas by introducing DM-RS and CSI-RS reference signaling. However, only limited gains were identified for 4Tx cross-polarized antennas [3][4], which may motivate further improvements. However, the motivation of any revisit should be clarified to make sure that new study elements are included and this is not a mere revisit of Rel. 10 discussions. One possible direction for Rel-11 CSI feedback enhancements would be to consider the macro cell 4Tx cross-polarized scenario as a secondary design target after the small cells 4Tx cross-polarized scenario described in Section 3.3. This has the benefit of making Rel-11 CSI feedback enhancements for small cells scenario applicable to the macro cell scenario. This also would avoid too much optimization for small cells and at the same time ensure that a unified design framework between the small cells and the macro cell is established.
- 3D beamforming: 
3D-beamforming (e.g., active antennas), by exploiting the vertical dimention of the antennas at the eNB, has the potential to bring capacity benefits with no need for new sites, nor for increased number of antennas. From the standardization impact, 3D beamforming would bring new aspects that might be worth studying in this SI to extract further capacity gains for the macro cell. As a first step, this SI can focus on studies with the purpose of clarifying the gains and the need for the introduction of any new functionalities with standardization impact in order to support 3D-beamforming. 
[image: image3.emf]
Figure 2 –3D beamforming.

3.2. Macro cell and small cells
In this scenario, macro cell and small cells consisting of low power nodes are deployed with the same cell ID. This corresponds to scenario 4 in the CoMP SI [5]. This scenario typically considers the coordination between the macro cell and remote radio heads (RRH) as shown Figure 3.
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Figure 3 – Macro cell and small cells deployments.
In addition, the coordination could be further extended between RRHs. For outdoor case, coordination between a group of RRHs and macro cell could be considered, where the group of RRHs is considered as distributed MIMO systems to configure, for example, 4Tx MIMO transmission by aggregating geographically separated two pairs of antennas. For indoor case as illustrated in Figure 4, due to the penetration loss, coordination between group of RRHs and the macro cell may not be necessary. Indoor RRHs are connected to a common baseband equipment via optical fibers, which allows their coordination. 
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Figure 4 – Indoor distributed RRHs without macro cell coordination.

The spatial channels from different RRHs to a given UE tend to be less correlated and undergo different path-loss as well as shadowing parameters. Besides, the associated propagation delays might vary as well in particular for outdoor RRHs. The exploitation of the path-loss difference would be one important study element for these distributed scenarios. One study example for enhanced operation of coordination among distributed RRHs is to consider how to support/switch among multiple transmission scenarios [6].
3.3. Small cells
Small cells will be an important deployment scenario in the future. Further enhancements of DL MIMO for these specific deployments might be necessary. Outdoor small cells with localized antennas are in particular for high interest in order to provide offloading means to the macro cell in highly crowded areas with high traffic demand. Small cells with localized antennas can be categorized to the following two categories:
· Small cells under the macro cell umbrella: This corresponds to the case of using the same frequency band as the macro cell (i.e., non-protected small cells). It is true that in this case the spectrum is indeed efficiently reutilized. However, overlaying small cells on already existing macro cells would create serious interference, mobility management, and impact to legacy UEs issues that operators need to seriously consider.
· Small cells without the macro cell umbrella: One example is the case of higher frequency bands used for small cells different than the macro cell (i.e., protected small cells).
 [image: image6.emf]Macro 

cell

Outdoor small cell 

with localized antennas

[image: image7.emf]Macro 

cell

Outdoor small cell 

with localized antennas


Figure 5 – Outdoor small cells with localized antennas.

Which category of deployment would be favorable highly depends on the spectrum allocation/availability to each country or operator in addition to the operator deployment strategy. Therefore, the geometries for small cells would depend on whether the small cells are being under the the macro cell umbrella or not and whether the small cells are adopting low or high cell range expansion (CRE) offsets. Thus, new CSI feedback design would need to take into account these parameters. 
One potential target for capacity enhancement of small cells is by considering MU-MIMO and increasing PMI feedback bits (i.e., larger codebook size) [7]. Small cells can be characterized by smaller delay spread, lower antenna correlation, lower mobility, which present different characteristics and thus would motivate larger gains from further feedback enhancements (e.g, increasing feedback bits) compared to the the macro cell. 
In addition, from a design point of view, it would be preferable to target, as much as possible, a unified design framework (e.g., increased feedback bits and new quantization schemes) among small cells and the macro cell. To this end, design priority should be given to small cells but the macro cell would also be considered as a secondary design target.

4. Conclusion
In this contribution, we provided our views on DL MIMO scenarios for Rel. 11 SI. Descriptions of scenarios as well as potential enhancements were discussed. Our main observations can be summarized as below:
· The study of the macro cell scenario can be studied in Rel. 11 but at the same time unnecessary repetition of Rel. 10 discussions needs to be avoided. In particular, it is important to identify new study elements for the macro cell scenario that were not discussed in Rel. 10. One potential study element could be 3D-beaforming.
· The HetNet scenario with macro cell and small cells with RRHs using same cell ID (i.e., CoMP scenario 4) is an important deployment scenario for traffic offloading to local area networks. The study should consider not only the coordination between macro cell and small cells, but also among RRHs for indoor and/or outdoor deployments. It is also important that the scope and work splits among CoMP SI and DL MIMO SI are clarified.
· Small cells scenario with localized antennas would motivate increased CSI feedback bits and advanced MU-MIMO operation. The study of this scenario should consider two cases: 1) small cells are deployed under the umbrella of the macro cell (i.e., co-channel deployments), and 2) small cells are not deployed under the umbrella of the macro cell (i.e, small cells are deployed on another frequency band than the macro cell, e.g, higher frequency bands). In addition, in our view, CSI feedback designs would set higher priority to small cells scenario but at the same time design extensibility and applicability to the macro cell scenario would be taken into consideration as a secondary target design.
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