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1. Introduction
The Enhanced DL-MIMO study item consists of two main tasks: real-life issue evaluation and enhancement identification for non-uniform networks and practical antennas configurations. It seems at least to us that some real-life issues are closely related to potential enhancements in non-uniform networks, especially if the problem is caused by distributed antennas deployment that is also the key characterization of non-uniform networks. 
Moreover, the decision in RAN1#65 – “Single-cell CSI feedback enhancements, including CSI feedback for a single or multiple transmission points, are studied under the Enhanced DL MIMO SI.” – provides some indication of the possible demarcation of DL-MIMO SI and CoMP SI, which has been very unclear. We would like to discuss further clarification of the respective scope in the scenario/assumption definition for DL-MIMO simulation.

Lastly, the topic of 3D antenna pattern and beamforming is under FFS and we would like to discuss its potential impact to Rel-11. 

2. Distributed Antennas Scenarios
As opposed to the conventional passive distributed antennas widely seen deployed for indoor or dead spot coverage, distributed antennas here refer to geographically separated antennas that are capable of transmitting independent signals. Distributed antennas are typically connected to separated remote radio heads (RRH) or even based on active antennas (the difference is that active antenna elements integrate the RF components, i.e., radio units, amplifiers, and filters, inside the antenna housing while RRH still has separate radio and antenna structures connected via coaxial cable). RRH or active antennas are typically connected via fiber-based OBSAI (Open Base Station Architecture Initiative) interface or CPRI (Common Public Radio Interface) to a centralized baseband processing unit and scheduler. 

In our view, 
· Distributed antennas network is the most interesting scenario to be addressed in the Rel-11 DL-MIMO enhancements. 
Distributed antennas can be seen from two similar deployment scenarios of which one has been mentioned in real-life deployment and the other as a new deployment scenario arising from low-power nodes in non-uniform networks:

· “Homogeneous” distributed antennas, each associated with a different antenna port belonging to a same logical cell. The word “homogeneous” represents equal transmit power and same antenna configuration among the antennas. This case can be envisioned for indoor deployment where geographically separated antennas (RRH or even just the antennas) are connected to a central base station server as mentioned in [1] where UE rank reporting error is one of the issues from real-life deployments. A similar scenario but for outdoor coverage can be envisioned where separated RRH or active antennas are deployed at corners of building (all connected via fiber to a central eNB inside the building). This scenario seems to be similar to the case “B” and “C” as captured in the simulation assumption draft [2]. But as opposed to random drop of active antennas or RRHs in case B and C, homogeneous distributed antennas may be typically planned around the limitation of building or fiber availability. 
· “B”.  Network of only small cells for both outdoor and indoor where the small cells have different cell IDs. 

· “C”. Network of only low power RRHs for both outdoor and indoor where the transmission/reception points created by the RRHs have the same cell IDs.

· “Heterogeneous” distributed antennas corresponding to macro and low-power nodes. “Heterogeneous” represents the status of different Tx power and/or antenna configuration for macro and low power nodes (i.e., non-uniform network nodes). This is the same case as scenario 3 (separate cell ID) and scenario 4 (same cell ID) of CoMP SI, which is also listed as the case “D” and “A” in [2].

Both COMP SI and DL-MIMO SI address distributed antennas. Confusion about overlapping scope had been raised. But COMP SI scenarios mainly focus on heterogeneous distributed antennas in scenario 3 and 4. The decision in RAN1#65 – “Single-cell CSI feedback enhancements, including CSI feedback for a single or multiple transmission points, are studied under the Enhanced DL MIMO SI”, could include both heterogeneous or homogeneous transmission points, potentially making DL-MIMO SI scope too broad to tackle effectively. One possible way to remove some overlapping in scope is to:
· Limit the scope of DL-MIMO SI to only same cell ID, which means removing case “B” and “D” from the DL-MIMO scenario in [2], but include both heterogeneous (case “A”) and homogeneous (case “C”) distributed antennas. 

· CoMP SI covers mainly heterogeneous (i.e., non-uniform) distributed antennas, focusing slightly more on separate cell ID (scenario 3) but include the comparison of scenario 3 and scenario 4 (same cell ID).     
3. Issues from Distributed Antennas 
We see at least the following new aspects for further study arisen from distribution antennas (heterogeneous and/or homogeneous):

· Signal transmitted from different antenna ports can suffer very disparate pathloss. This is not expected at the UE in conventional systems, and in distributed antenna systems, erroneous UE rank report has been observed in [1] as a real-life deployment issue. Such long-term received power disparity can also trigger the examination/enhancement of existing codebook design or CSI reporting.

· Timing error among antennas, which is currently specified as less than 65ns between any two co-located antennas, may very well have to be relaxed in the case of distributed antenna, even if GPS-locked reference clocks can be used such as for outdoor RRHs (which can achieve an average of 100ns after 15 minutes or 10ns after one day). But the group delay of PA and radio components still need to be calibrated to minimize the timing alignment errors. For indoor RRHs, OBSAI/CPRI provides means to derive clock from the master clock at eNB and to calibrate the round-trip delay calibration from the macro eNB. But in any case, the timing error will further increase, which in effect introduces rapid phase rotation across OFDM subcarriers. 
· UE can see fairly uncorrelated antennas, at least among geographically separated ones or even all of the antennas if co-located antennas are cross-polarized. Operate such networks of uncorrelated antennas presents challenges if limited to use the existing codebooks that was designed with certain antenna configuration (and therefore their inherent correlation) in mind.  

· UEs may be required to report the recommended selection of antennas in dynamic point selection operation where the UEs may need to have the knowledge of whether antenna ports are co-located or not. 

· Interference arises from the operation when antennas at different locations transmit to different UEs simultaneously, which may require interference measurement to reflect the actual channel condition.  
Note the above partial list of aspects arising from distributed antennas were also mentioned as potential issues from real-life deployment, such as rank adaptation, time alignment errors, specific antenna configurations, UE interference measurement, feedback granularity. Due to the sometimes blurred boundary between issues for real-life deployment and issues for new deployment, we suggest:
· Consider the objective of the DL-MIMO study item to identify enhancement areas that may address real-life issues and new deployment scenarios together, especially in the case of distributed antenna handling and optimization.  

4. 3D Channel and Beamforming  
Vertical (elevation) dimension of propagation is of interest in these aspects:

1. Base station can control, either mechanically or electronically, the down-tilt of antennas to achieve different coverage footprints such as office area during the day and residential area at night or to mitigate inter-cell interference. Base station 3D antenna pattern with down-tilt modeling is supported already in TR36.814.
2. Antenna pattern at the UE is 3D in nature. In real life, the antenna response in DL-MIMO reception depends on the orientation of the phone (i.e., user holding pattern) and the antenna implementation. Actual multi-antenna implementation in a device is far from the co-polarization or cross-polarization assumption we used in simulation. The impinging waves come from azimuth and elevation directions and with different polarization. However, the study of these issues may reside in the MIMO Over-The-Air (OTA) study item in RAN4.  

3. Base station, via active antennas for example, digitally and dynamically performs vertical beamforming to users at different elevation such as a users in a high-rise building. DSP based 3D beamforming may depend on whether active antenna element is used and the scheduler complexity that grows with the number of independent vertical elements. Note that antenna radome deployed today has typically eight or more vertical elements, but with one port for each column (two ports if cross-polarized).  
If case #3 above is of interest in Rel-11 due to anticipated wide deployment of active antennas in the future, to the point that we want to model the 3D channel in Rel-11, we see the need of defining at least the following aspects/parameters:

· # of vertical elements that UE has observability via antenna ports mapping, and the feasibility or system overhead due to the pilot provisioning for a large number of active antennas, and potential impact on codebook design.

· 3D antenna pattern of the base station active antenna elements and of the UEs, for both vertical and horizontal polarization. 

· Any geometrical setting that will affect the elevation angle such as height of base station antennas and UE antennas.

· A good 3D propagation model. WINNER + project extended the statistical model to elevation. It defines a fixed Mean/Median Elevation of Departure (MED) and of Arrival (MEA). The EoD Spread (ESD) and EoA spread (EAD) are log-normal distributed with a mean and variance defined for different scenarios. ESD and EAD are also correlated with other long-term parameters, namely shadowing factor (SF), Delay Spread (DS), and Angular Spread at Departure & Arrival (ASD & ASA). Each cluster of rays has also a fixed Cluster RMS Elevation Spread at Departure & Departure (CESD & CESA). As noted in the following excerpt of the executive summary of the WINNER+ report, we think the work is a good start but still a working progress.

The generalization from 2 to 3D is based on similar principles as generating the elevation angles as are used for the azimuth angles: definition of Large Scale (LS) and small-scale (SS) parameters for the elevation with their accompanying distributions and parameters. For this work the parameters have been taken mostly from literature and only in smaller extent from our own measurements. It turned out that the parameter sets found from literature are not very representative. In spite of this drawback we propose elevation models for the selected scenarios. Afterwards it should be possible to adjust the model based on new measurement results.
Given the lack of actual data in 3D antenna pattern at both eNB and UE and the maturity of 3D channel modeling, we suggest:

· Not to focus on 3D beamforming in Rel-11, but could strive to design the precoding operation to be generic and future-proof for different antenna configurations and 3D beamforming
5. Conclusions

This contribution discusses our views on commonness in real-life issues identification and enhancement areas for distributed antennas deployment. We also suggested possible further clarification on respective scope of CoMP SI and DL-MIMO SI, in terms of simulation scenario/assumption. Lastly, we discussed the topic of 3D antenna pattern and beamforming. In summary, our views are:
· Distributed antennas network (heterogeneous or homogenous antenna and/or Tx power configuration) is the most interesting scenario to be addressed in the Rel-11 DL-MIMO enhancements. 
· Consider the objective of the DL-MIMO study item to identify enhancement areas that may address both real-life issues and new deployment scenarios together, especially in the case of distributed antenna handling and optimization.
· Consider to limit the scope of DL-MIMO SI to only same cell ID, which means removing case “B” and “D” from the DL-MIMO simulation scenario but include both heterogeneous (case “A”) and homogeneous (case “C”) distributed antennas. 

· Consider to have CoMP SI to cover mainly heterogeneous (i.e., non-uniform) distributed antennas, focusing slightly more on separate cell ID (scenario 3) but include the comparison of scenario 3 and scenario 4 (same cell ID).     
· Not to focus on 3D beamforming in Rel-11, but could strive to design the precoding operation to be generic and future-proof for different antenna configurations and 3D beamforming
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