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1 Introduction
The experience from real-life deployments in the field has increased significantly since Rel-8. It would be beneficial to discuss the experience from commercial MIMO deployments, and identify whether there are any potential short-comings and possible ways to address those [1]. In RAN1#65, a number of real-life issues were discussed and listed in the chairman’s notes as follow: 

· Rank adaptation

· Time alignment errors

· Antenna calibration and partial reciprocity

· Vertical beamforming for dense urban deployments

· Specific antenna configurations: cross-polarized; geographically-separated antenna deployments; circular array; 

· Antenna tilting

· UE interference measurements and feedback processing time

· Feedback granularity

· DL control channel limitations for high numbers of tx antennas

In this contribution, we analyze these identified issues, give the priority order in section 2 and discuss the high priority issues in section 3 and 4. 
2 Priority of the real-life transmission issues
Three issues should be considered with higher priority which are:

· Rank adaptation

· Time alignment errors
· Feedback granularity
The following issues seem to be less urgent at this stage but are prioritized as. 

· Antenna calibration and partial reciprocity
· The issue of antenna calibration proposed in [2~4] is related to Time Alignment Errors (TAE), and will be gathered as TAE issue.
· It is better to classify partial reciprocity as the CSI feedback enhancement issue, in which the new or improved CSI scheme will be discussed and evaluated carefully.
· Antenna tilting

· Vertical beamforming for dense urban deployments
· Vertical beamforming for dense urban deployments and antenna tilting are enhancements in spatial domain. Mostly, antenna tilting is implemented by non-specified methods. A potential gain can be expected by using vertical beamforming. However, some technical aspects should be clarified such as channel models and UE distribution models with vertical description, performance and requirements.etc. Thus considerable work is needed, and maybe it can be the discussed in future releases.
· UE interference measurements and feedback processing time
· There is no obvious observation in real-life deployment that the performance is impacted by UE interference measurements.
· The processing time has been discussed a lot in Rel-8. The current allowed value of 4ms is for CRS-based transmissions, which also should be supported in Rel-11. Thus there is no need to change the requirement.
Some other issues are also important for the standard improvement; however, it seems that it is not appropriate to discuss them on the real-life agenda.

· Specific antenna configurations: cross-polarized; geographically-separated antenna deployments; circular array
· In [5], it is proposed that special codebook should be design for Uniform Circular Array (UCA) and large separation x-pol antenna. After RAN1#65 meeting, discussion of scenarios and assumptions for DL MIMO CSI feedback enhancement has been done on the email reflector, in which the priority of the scenarios and the antenna configurations have been ordered initially. Since the work of the CSI feedback enhancement including codebook design would start upon these assumptions in the scope of CSI feedback enhancement, there is no need to address this issue on real-life transmission agenda.
· The issues of geographically-separated antenna deployments will be discussed in the rank adaptation section.
· DL control channel limitations for high numbers of tx antennas
· This is one of the motivations to enhance the PDCCH, and the issue will be discussed in detail in the agenda “Downlink control signaling enhancements”.
The issues with higher priority will be discussed in more detail in the following sections.

3 Rank adaptation in real-life deployment
In LTE, rank adaptation is used for DL MIMO transmission, and the rank is reported from UE to eNB. The performance of this channel-dependent transmission scheme relies on the accuracy of CSI reported from UE or uplink channel sounding. Thus robust rank adaptation in real-life transmission is required. 
In [6], an indoor distributed antenna deployment is presented where two transmit antenna ports are configured as an interleaved fashion. It was observed that extreme received power imbalance can cause abnormal rank reporting and can lead to throughput loss. Based on this, it is proposed to consider distributed antenna deployments in future standardization efforts, especially how to ensure the robust rank adaptation when UE has large received power imbalance in geographically-separated antenna deployments. 

The distributed antenna requires more attention not only in the real-life deployment but also in LTE Rel-11 and further releases. For the rank adaptation problem due to receiving power imbalance, the following three options can be considered 

Option 1: When eNB observes an abnormal rank reporting from UE, the eNB can recommend the UE to report CSI corresponding to a certain lower rank. For example, for the aforementioned interleaving deployment, when the UE is very close to one antenna port, there will be big power imbalance. In this case, rank- 2 does not work and rank-1 transmission is preferred, and therefore eNB can recommend the UE to report the CSI for rank-1. 
Option 2: eNB can switch off the antenna port with large path loss or select the antenna ports with balanced receiving power for use [7]. 

Option3: eNB can adjust the transmit power for the antenna port with large path loss to balance the receiving power from different antenna ports. Namely, some power compensation is made for the larger path loss antenna port [8].

For all the above solutions, it is assumed that eNB has to know the power imbalance information. However, in the current standard, the antenna power information such as RSRP is measured on only one antenna port. Unfortunately, this measurement cannot indicate the power imbalance information between different antenna ports. Thus some additional measurement related to power imbalance is needed. The measurement can base on CRS or CSI-RS depending on transmission mode. For example, RSRP of each antenna port or RSRP difference is measured and reported to eNB and then the eNB can determine the mechanism to minimize the effect of power imbalance, which needs further study.

Observation

· The receiving power imbalance causes rank adaptation error and performance loss.

Proposal

· The report of RSRP of each antenna port or similar measurement can be considered to avoid the receiving power imbalance and the rank adaptation problem. 
4 Time alignment error and feedback granularity
In real-life transmissions, there is time misalignment among the different transmit antennas due to the practical implementation of transmit filters, feeder cables, tower mounted amplifiers and so on. Such time misalignment results in the variation of relative phase between different antennas over sub-carrier especially for larger system bandwidth. The relative phase variation has impact on the performance of precoding transmission. If wideband PMI is used, it cannot match the phase rotation variation for different sub-bands and the transmission suffers more from the TAE than the subband PMI feedback. Hence, sub-band PMI is an effective method to mitigate the impact of TAE. To further enhance the performance especially for MU-MIMO which is sensitive to feedback granularity [3], sub-band PMI and sub-band CQI can be considered. The design of sub-band PMI and CQI feedback granularity shall take TAE into account.  
Observation

· Wideband PMI is not robust for downlink transmission with time misalignment.

Proposal

· To enhance the performance in case of time misalignment, subband PMI and subband CQI can be considered.

5 Conclusion
In this contribution, the priority order of identified real-life transmission issues is given, and we have the following observations and proposals.

· Rank adaptation

Observation

· The receiving power imbalance causes rank adaptation error and performance loss.

Proposal

· The report of RSRP of each antenna port or similar measurement can be considered to avoid the receiving power imbalance and the rank adaptation problem.
· Time misalignment and feedback granularity
Observation

· Wideband PMI is not robust for downlink transmission with time misalignment.

Proposal

· To enhance the performance in case of time misalignment, subband PMI and subband CQI can be considered.
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