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1. Introduction

At the RAN1#65 meeting, geographically distributed antennas were highlighted as a potential scenario for CSI feedback enhancements for Rel. 11 DL MIMO study item (SI) [1][2]. Geographically distributed antennas consist of further deployment of optical fiber connected low power nodes in order to extend network capacity/coverage at a low cost in local areas of high traffic demand. Geographically distributed antennas can be categorized to indoor and outdoor solutions. Although these solutions might differ in terms of deployment attractiveness or difficulties, mainly fiber installation cost issue and competitiveness of such solutions compared to other indoor or outdoor local area solutions, they are deemed to have high similarities in terms of standardization impact. In this contribution, we discuss some potential enhanced operations for geographically distributed antennas and their corresponding possible standardization impact.

2. Geographically distributed antennas
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 Figure 1, are recently becoming more important as offloading solutions in order to cope with the rapidly growing data traffic. Optical fiber connected distributed antennas solutions, also known as remote radio heads (RRHs), are already commercialized and utilized for diverse purposes and deployments. Thus, further enhancements of existing solutions by the provision of advanced/extended operation or the introduction of new solutions that can make the most benefit from distributed antennas and RRHs without the need for increased number of antennas or more fiber installation are of great interest.
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Figure 1 – Illustration of heterogeneous network deployments.
Distributed antennas scenarios can be categorized to the following two main categories of scenarios depending on whether there is coordination between RRHs and the macro cell and whether there is coordination among RRHs. 
1) Coordination between RRHs and the Macro cell
In this category of scenarios, the macro cell and RRHs are deployed with the same cell ID, which is also known as scenario 4 in the CoMP SI [3]. This scenario typically considers the coordination between the macro　cell and outdoor distributed RRHs as shown Figure 2. Furthermore, the coordination could be further extended among RRHs as shown in Figure 2. In this case, coordination within group of RRHs and macro cell is applied, where the group of RRHs is considered as a distributed MIMO system. As this category of scenarios is related to both DL MIMO SI and CoMP SI, some work split between these two study items would be required.
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Figure 2 – Macro cell and small cells deployments.

2) Coordination among small cells but without coordination with the Macro cell
This corresponds to the case of RRHs without the macro cell umbrella. For outdoor RRHs, this is true for the case of using higher frequency bands for outdoor RRHs (different than the frequency band used for the macro cell) as depicted in Figure 3 (a). For indoor RRHs, this happens to be the general case as there is no much benefit from coordination between RRHs and the macro cell, due to the large penetration loss from the macro cell to the indoor area. Alternatively, for this case there is more benefit from coordination among indoor RRHs to maximize the utilization efficiency of the distributed antennas to increase indoor capacity. As depicted in Figures 3 (a) and (b), both outdoor and indoor RRHs are connected to a common baseband equipment via optical fibers, which allows for coordination among them.
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Figure 3 – Indoor/oudoor distributed RRHs without macro cell coordination.
Because of the distributed nature of RRHs deployments, the spatial channels from different RRHs to a UE tend to be less correlated and undergo different path-loss as well as shadowing parameters. The exploitation of the path-loss difference in particular would be one important study element for these distributed scenarios. In the following, as one example for enhanced operation for distributed RRHs, we consider how to support/switch among multiple transmission modes/transmission points.
3. Enhanced operation for RRHs
Currently deployed RRHs solutions are basically based on Rel. 8, 2 x 2 SU-MIMO with soft combining of multiple distributed points. Soft combining is attractive coverage wise but not capacity wise in particular for crowded areas with much need for higher capacity to support the increased demand for traffic. In fact, soft combining can provide higher signal to noise power ratio by combining the power from the distributed transmission points but the precoding gain remains limited to 2Tx antennas. To increase capacity, enhanced operation and coordination among multiple distributed points/antennas would thus be beneficial. Possible enhancements would be based on changing the way the antennas are used in order to make the most benefit from distributed antennas. This can be achieved by supporting higher order MIMO transmission (e.g., 4Tx MIMO) switching among multiple transmission schemes/modes. In Figure 4, departing from soft combining, the baseline mode widely used in already existing solutions, we depict two additional enhanced operation modes that can be beneficial in various set-ups.
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Figure 4 – Enhanced transmission mode/operation for RRHs coordination.
(a) 2Tx soft combining based operation: This is based on Rel. 8 2Tx SU-MIMO with simple soft combining (simultaneous 2Tx transmission from all points regardless of path-loss from a transmission point to the UE).
(b) 4Tx MIMO based operation: UEs are benefited from further closed-loop precoding gain. Also, UEs equipped with 4Rx antennas would further be benefited from increased number of spatial layers up to 4 layers. Figure A1 in the Appendix shows the link throughput results of comparing 2Tx soft combining and 4 Tx MIMO operations, where the received power difference between two transmission points each with 2Tx antennas is varied as a parameter through Figures A1 (a) to (d). These results show that when at the UE the received power difference between two transmission points are similar, 4Tx precoding gain can be obtained, while when the receiver power difference between two transmission points becomes larger, the percoding gain becomes marginal, both compared to 2Tx soft combining. In fact, with -100 dB received power difference, the performance of 4Tx MIMO is still comparable to that of 2Tx MIMO (although for a 4Tx codebook the first two entries of each precoding vector are not optimized for 2Tx transmission) Thus, the benefit of mode switching between 2Tx soft combining and 4Tx MIMO operations may not be necessary.
(c) Point splitting based operation: UEs that come closer to one point and are far from other ones, can receive data only from the closest point and release the other points for possible reuse by other UEs. This results in higher user multiplexing gain. Besides, the capacity or user multiplexing gain benefits stated above, additional benefits from transmission mode switching can be energy saving by reducing interference and releasing points that are of high path-loss to a certain UE and do not contribute much to the transmission.   
Figure 4 depicts the case of 2Tx points where each point has 2Tx antennas. For increased number of Tx points, as depicted in Figure 5, this can be extended to various configurations depending on whether the antenna ports are localized or interleaved and on the transmission mode used among different antenna ports (e.g., 2Tx MIMO, 4Tx MIMO, point splitting) for both the 4Tx MIMO and 2Tx point splitting modes. In Figure 5, the signals from transmit antennas indicated by the same antenna port number are soft combined. 
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Figure 5 – Distributed RRH deployment and multiple mode support.
4. Standardization impact
In this section, we discuss standardization impact to support seamless mode switching operation between 4Tx MIMO in Figure 4 (b) and 2Tx point splitting mode in Figure 4 (c) in terms of CSI-RS configuration and CSI feedback configuration. 
(a) Multiple CSI-RS configurations:

To support 4Tx MIMO mode, the eNB needs to configure 4 CSI-RS ports {0, 1, 2, 3} as shown in Figure 6 (a). On the other hand, in order to support 2Tx point splitting mode, the UE needs to report the CSI for the closest transmission points. For this aim eNB can configure 2 sets of 2 CSI-RS ports {0,1} and {0’, 1’} as shown in Figure 6 (b), where the UE could report CSI for the CSI-RS of the closest point.
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     (a) 4Tx MIMO mode
           

(b) 2Tx point splitting mode
Figure 6 – Multiple CSI-RS configurations for multiple modes/points switching.
 (b) Multiple CSI feedback configurations

Assuming that the mode switching is not dynamic, one straightforward way is the use of uplink sounding reference signaling (SRS) to identify which mode each UE should be configured to, and which transmission point each UE is closest to in the case of 2Tx point splitting mode. However, SRS may be inaccurate and also there are situations in which uplink and downlink path-loss are different. Thus, downlink reference signaling would be an alternative way for such mode switching. One example is to introduce downlink sounding phase where a UE feeds back CQI for other modes as described below:
· 4 Tx MIMO mode UE
· Feedback 4Tx PMI/CQI/RI for port {0,1,2,3} with a short duty cycle (e.g., 10 ms). 
· Sounding phase: Feedback 2Tx CQI for ports {0, 1} and {0’, 1’} with a long duty cycle (e.g., 2-300 ms). 

· 2Tx point splitting mode UE
· Feedback 2Tx PMI/CQI/RI for either ports {0,1} or {0’,1’} that is configured by eNB with a short duty cycle (e.g., 10 ms).
· Sounding phase: Feedback 2Tx CQI for ports {0’, 1’} or {0, 1} and 4Tx CQI for port {0,1,2,3}
 with a long duty cycle (e.g., 2-300 ms). 

By using this multi-mode CQI feedback during the sounding period, the eNB could determine or switch the transmission mode/CSI feedback modes of each UE. 
5. Conclusion
In this contribution, we discussed potential operation enhancements for geographically distributed antennas. Existing solutions are based on Rel. 8, 2Tx SU-MIMO, where the signals from distributed pairs of antennas are soft combined. One enhanced operation is 4Tx MIMO using two distributed pairs of antennas, which would be particularly beneficial for 4Rx UEs that would be able to support increased number of spatial layers, and another enhanced operation is transmit point splitting where pairs of distributed antennas are spatially reused. One potential standardization impact would be the support of multiple CSI-RS feedback configurations based on multiple CSI-RS configurations in order to enable seamless switching of these enhanced MIMO operations.
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Appendix – 4Tx precoding vs. 2Tx precoding for distributed antennas
To understand the gain difference between “4Tx precoding” and “2Tx precoding with soft combining of 2 points”, link level simulations are conducted. Simulation assumptions are described in Table 1. The throughput performance is compared for values of received power difference between antenna ports pairs {0,1} and {2,3} set to 0 dB, -3 dB, -10 dB and -100 dB. As we can confirm from Figure A1, compared to “2Tx precoding with soft combining”, “4Tx precoding” provides a better performance for 0, -3, -10 dB and almost no degradation even for -100 dB received power difference.
Table 1 – Link level simulation parameters.
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Figure A1 – 4Tx MIMO vs. 2Tx soft combining with different received power difference values (dB).
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(a) No coordination among outdoor RRHs and macro cell because of deployment over different frequency bands.
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(b) No coordination among indoor RRHs and macro cell because of large penetration loss from the macro cell to the indoor area.
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