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1
Introduction

Issues arising from real-life DL MIMO deployments were discussed during RAN1#65, ending up with a long list of potential topics to be further explored:

“Observations on real-life issues from the above set of contributions:

· Rank adapta​​tion

· 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”

Priority for RAN1#66 is to consider which topics should be considered with the highest priority. In this contribution we provide some further views on the listed issues. It is noted that DL MIMO scenarios along with specific antenna configurations and need of vertical beamforming are also part of the discussion on DL MIMO evaluation assumptions. Since this is treated in another contribution [1] and was already treated also by the operator contribution [2] and the e-mail discussion prior to RAN1#66, we will not deal with these issues further in this contribution.
2
Discussion
Several potential real-life DL MIMO issues have been collected during the previous meeting. These issues are ranging from fixes to previous release DL MIMO operation to new proposals which are part of the new scenario definition. In the following we are bringing arguments and analysis on DL MIMO issues which we believe should be further considered during Release 11. The short list of priority topics includes: rank adaptation and interference measurement, feedback processing time, DL control channel enhancements and time alignment errors.  
2.1
Rank adaptation and interference measurements
In RAN1#65, rank adaptation was raised as one issue potential requiring further attention. The issue demonstrated in [3] was poor rank adaptation most likely due to improper handling of power imbalance between signals received from different antenna ports of the same cell at the UE side. As such this issue seems more like an issue of deriving UE performance requirements for such scenarios in RAN4. Hence this issue may not need any further RAN1 studies.
Another issue related to rank adaptation is that the rank (as well as CQI) should reflect correct interference conditions [4]. Currently, the UE has to rely on common reference signals (CRS) for interference estimation. However, these have a reuse factor of three only (with two or more Tx antennas at the eNB), and hence CRS-to-CRS collisions with neighboring cells are very likely. This may cause pessimistic CQI and rank estimation in typical fractional load scenarios where the interference on the PDSCH could be low due to the absence of traffic in neighboring cells. However as discussed in [4] it is not very clear what is the real system-level impact of this type of interference measurement errors. On the other hand in the new scenarios with distributed antennas sharing the same cell ID, CRS are not applicable anyway for proper interference estimation. From that perspective, as improving the UE interference measurement possibilities may anyway be needed, also rank and CQI estimation in colliding CRS case would be improved. The simplest way of enhancing UE interference measurements would then be improvements to CSI-RS – as is already well known with current density the CSI-RS –based interference measurement performance can not be expected to be sufficient [5].
As a final note regarding rank adaptation, it has to be noted that currently (even in scenarios studied earlier) the biggest shortcoming related to rank reporting performance is in fact not related to RAN1 specifications but rather to RAN4 performance requirements on rank reporting [5]. As long as the rank reporting performance requirements are very loose and in fact favor basic MIMO receivers like MMSE instead of more advanced receivers, it does not seem to pay off to try to fix less significant issues in RAN1. Hence the biggest practical improvement regarding rank adaptation could in fact be made in RAN4 by making sure that 1) requirements ensure good overall throughput performance in the field and 2) that requirements are receiver agnostic.

Proposals:

· Issues related to handling of power imbalance between transmit antenna ports should be handled by RAN4. Also current rank testing methodology could be improved by RAN4.

· The issue requiring RAN1 attention is improved support for UE interference measurements. This aspect should be prioritized high in the study item.
2.2 
Downlink control channel limitations for high numbers of Tx antennas

In [7], the issue of downlink control channel transmission with high number of Tx antennas was raised. In essence, the problem pertains to the fact that PDCCH transmission has been specified only for up to 4 Tx antennas and hence when increasing the number of antennas beyond four, the antennas will have to be virtualized into four or, more typically, into two. Also with the advent of TM9 in Release 10, the virtualization might be beneficial already with 4 Tx antennas since it allows reduction in CRS overhead when PDSCH operation is based on CSI-RS and UE-specific RS. 
In case of cross-polarized antenna arrays with eight antennas, four per polarization, it is enough to virtualize the four antennas in each polarization branch into one virtual antenna. The virtualization may be performed for example using sector beam virtualization [7], i.e. using antenna weights w = [0.35 1 1 -0.6]T on the four antennas of each polarization branch. It is noted that the weight vector does not have constant modulus entries, hence if the power amplifiers are dimensioned to deliver the typical output power of Ptotal/Nt (e.g. 5W per antenna for 8Tx 40W transmitter) at most, there will be a power loss due to the virtualization, in this case roughly -2 dB. In addition there will be a loss due to the fact that the virtualized sector beam does not match well with the “real” sector beam pattern. The impact of this was simulated in link-level simulations for PDCCH DCI formats 2C and 1A. We compared a true 2x2 configuration assuming the 3GPP reference antenna pattern with 8x2 configuration where the antennas were virtualized into a virtual 2x2 configuration with the sector beam. It is noted that the power loss due to power amplifier limitations is not included in the study – this was mainly to keep SNR definition unchanged as lowering down the power to PA limits would mean also a change in the SNR. Hence the result in Figure 1 shows mainly the impact of different beam pattern due to sector beam virtualization.
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Figure 1. Results on PDCCH performance in true 2x2 scenario versus virtualized 8x2 scenario.
Essentially, our results show roughly 2 dB loss due to the virtualized antenna pattern compared to the 2x2 case with 3GPP reference pattern. With practical PA implementation, on top of this comes the 2 dB additional loss due to inefficient power usage. This further verifies the observation made in [3] that currently increasing the number of Tx antennas mainly tends to decrease control channel performance. This is unfortunate as the main goal should be reflecting the large array size/gain into enhanced control channel performance. As part of the enhanced DL MIMO study item, downlink control channel enhancements has been listed. Based on the discussion here, and also due to other motivations presented in [8] we would like to have high priority for these enhancements.
Proposal: Prioritize downlink control channel enhancements high in the study item.
2.3
Feedback processing time

As discussed in [4], with increasing feedback computation burden due to new feedback schemes for single-cell DL MIMO as well as CoMP, the UE feedback processing time requirement of 4 ms is starting to get too stringent for practical UE implementations.  The processing time requirement could be loosened considering the non-existing performance difference due to higher feedback delays and the fact that CSI-RS periodicity already increases the feedback delays compared to what is seen in Release 8 and 9 [4]. In fact a longer processing time would only match the processing time requirements with other delays already existing in the system.
However, while the issue is seen as very important, it does not seem like there would be any significant effort needed during the study item phase – except for potential evaluations of the feedback schemes with more realistic feedback delays. Therefore we feel it may be enough to consider the issue only later in the work item phase when specifying new feedback schemes.

Proposal: Consider UE feedback processing limitations when specifying new feedback schemes during (possible) work item.
2.4
Antenna calibration and time alignment errors

Antenna calibration and time misalignment issues were also listed as potential issues to be looked at. The impact of uncalibrated antennas and slight time misalignment between the antennas is already fairly well known since the phenomena have been studied since LTE Release 8 up until more recent Release 10 codebook studies: when for example transmit timing differences or phase misalignment between transmit antennas are considered, the codebooks and the overall feedback design do not match with the assumptions anymore. Some evaluations on the antenna calibration issue were already done during Release 10 codebook design, however nothing was specified to address this issue in particular. Hence currently the eNB antennas have to be calibrated precisely enough in order to fully gain from codebook –based operation. Current RAN4 requirement on the transmit timing differences is 65 ns which for example across a 20 MHz band may induce up to 470 degrees relative phase rotation between two antennas, obviously ruining the wideband precoding performance. One possibility could be to tighten the transmit timing requirements, however those are already on the strict side. On the other hand it is not very clear what other solutions could be considered in RAN1 for these purposes, except perhaps re-evaluating the precoding feedback granularity in light of time misalignment.

On the other hand it is noted that there is currently a mismatch in the RAN1 studies between the desire to optimize nanosecond scale timing misalignment cases for co-located antennas and at the same time assuming perfect synchronization for geographically separated antennas (CoMP). In fact as shown in [9], practical time misalignments e.g. in scenario 4 may rotate the phase in frequency domain such that the phase coherence is lost even within one precoding subband. Hence clearly studying solutions for fixing these microsecond scale time misalignments would be more important than attempting to optimize the nanosecond scale time misalignments in co-located antenna case.
 Proposal: The effort on time alignment errors should be focused on the case of geographically separated antennas.
3
Conclusions

As a conclusion, the highest priority real-life issues to be studied during the study item phase in our view should be

· Enhancing the RS support for UE interference measurements, especially for scenario 4 purposes
· Control signalling enhancements

· Time misalignment handling for geometrically separated antennas

Feedback processing time is seen as one very important issue to be taken into account; however it does not seem to need any particular studies during the study item phase. Rather this should be taken into account in potential work item phase when specifying new feedback schemes.

It is noted that our priorities on the scenarios to be evaluated are provided in another contribution [1].
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