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1. Introduction
This contribution summarizes our views on real-life DL-MIMO deployment issues identified from RAN1 #65. In addition, it seems to us that at least some real-life issues are closely related to potential enhancements targeting non-uniform networks, especially if the problem is caused by distributed antennas deployment. 
2. Discussion 
RAN1 #65 identified the following potential real-life issues:

· Rank adaptation [3]: Erroneous UE rank report has been observed in indoor deployment when distributed antennas are mapped onto different antenna ports. This type of distributed antenna system, along with the other distributed antenna scenario arisen from RRH-based non-uniform network, present similar questions in term of UE behavior in link adaptation. If distributed antennas are mapped only to CRS port, under which condition the rank reporting is erroneous, then it is a Rel-8/9/10 issue, likely a UE implementation issue that makes it not compliant to the standards specifications. In this case, the issue needs to be addressed in RAN4 with associated new test cases defined. Otherwiese, it seems that the issue of rank adaptation under distributed antennas can be studied in Rel-11 together with RRH-based non-uniform networks.  
· Time alignment errors [4]: Timing error on antenna elements, up to 65ns as defined now, will show up as phase rotation in frequency domain and thus as added “artificial” frequency selectivity. This error will likely to increase in distributed antennas and one way to mitigate the performance degradation is to increase CSI feedback granularity. It seems that this item can also be studied under the enhancement for distributed antenna deployments.
· Antenna calibration [6]: This issue is related to timing alignment errors above.
· Partial reciprocity [10]: This issue is about potentially enhancing TDD SRS-based precoding when SRS can only be sent from one of the two DL antennas. 
· Vertical beamforming for dense urban deployments [5]: See further discussion in the next section on 3D modeling.
· Specific antenna configurations: cross-polarized; geographically-separated antenna deployments; circular array [5]: From operators’ input [1], cross polarization antenna configuraton remains the most widely deployed antenna configuration and therefore the main focus in Rel-11.  
· Antenna tilting [7]: Antenna tilting has been already widely deployed and included in the Rel-10 simulation. It will affect the observable interference at the UE. So we should continue to model tilting and it seems not an issue so far.
· UE interference measurements and feedback processing time [8][9]: The proposal to consider interference measurement based on CSI-RS and DRS makes sense . It seems that it can be studied in combination with the enhancement for non-uniform networks where the interference can be even more very dynamic.
· Feedback granularity [10]: This topic is identified as a potential improvement area. Increase feedback granularity can also be helpful to address the added frequency selectivity due to timing alignment errors from distributed antennas. 
· DL control channel limitations for high numbers of tx antennas [11]: This is about enhancement for Rel-11 which will be an important topic any way under Rel-11 enhancements.  
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 made of  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). It is evident that distributed antennas network is the most interesting scenario to be addressed in the Rel-11 DL-MIMO enhancements. Many of the above real-life issues arise also from distributed antennas, such as rank adaptation, time alignment errors, specific antenna configurations, UE interference measurement, feedback granularity. Given the blurred boundary between issues for real-life deployment and issues for new deployment, we suggest:
· Rather than treating similar enhancement in separate context, consider to identify common enhancement areas that address real-life issues and new deployment scenarios together, especially in the case of distributed antenna handling and optimization.  

3. Realistic Antenna Modeling and 3D Channel  
One of the real life issues for DL-MIMO deployment is to understand better the real-life MIMO performance and rank selection performance under practical eNB and UE antenna design and pattern. Antenna pattern at the UE is 3D in nature. In practice, the antenna response in DL-MIMO reception depends on the orientation of the phone (i.e., user holding pattern) and the antenna implementation. For example, the actual multi-antenna implementation in a device is far from the idealized co-polarization or cross-polarization assumption we used in simulation. The impinging waves also come from azimuth and elevation directions and with different polarization.

It is not enough to study only 3D channel model for the sake of 3D beamforming without considering the 3D antenna patterns. But we understand the modeling can be quite complicated since it depends on:

· 3D antenna pattern of the base station active antenna elements and of the UE, 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 realistic 3D propagation model: WINNER + project extended the statistical model to elevation, which is a good starting point but still a working progress due to the lack of actual measurement data, as noted in their report “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.”
We think that modeling the real-life 3D antenna pattern effect in both polarization dimensions is perhaps more important than 3D propagation channel, which means it may be worthwhile to model:
· Antenna pattern at eNB and UE for both polarization dimensions (H and V) and for all antenna elements (e.g., in the case of 4-Tx eNB). Note that the actual antenna realization in a device has never been a perfect cross-pol or co-pol.
· The cross-talk or coupling between H and V antenna pattern responses, especially at the devices
· Polarization rotation during propagation (this is somewhat modeled statistically in the spatial channel model) 

· Random orientation of the user device. Currently simulation assumptions are that the co-polarized antennas at both ends (e.g., || @eNB and || @ UE) are perfectly aligned in orientation, which is actually rarely the case in real-life. For x-pol modeling (e.g., “+” @eNB and  “x” @UE), assuming a fixed 45 degree rotation offset is fine, but a random orientation may make more sense. Also the tilting of the device determines which “plane cut” of the 3D pattern one should use to get the 2D antenna pattern in both H and V. 

In the end, regardless the sophistication of the model, designing beamforming based on a model is likely difficult to claim universality to various different antenna implementations in the future. We should strive to design the precoding operation to be generic and future-proof to different antenna configurations including 3D pattern and beamforming
4. Conclusions

This contribution share our view on real-life DL-MIMO deployment issues identified from RAN1 #65. To summarize:

· It is evident that distributed antennas network is the most interesting scenario to be addressed in the Rel-11 DL-MIMO enhancements.
· We think, rather than treating similar enhancement areas in separate context, consider to identify common enhancement areas that address real-life issues and new deployment scenarios together, especially in the case of distributed antenna handling and optimization.
· We think that modeling the real-life 3D antenna pattern effect in both polarization dimensions is perhaps more important than 3D channel.
· We should strive to design the precoding operation to be generic and future-proof to different antenna configurations including 3D pattern and beamforming
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