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1. Introduction
The chairman notes from the previous meeting identified the following as some of the real-life aspects deployments that may have to be addressed as part of the DL-MIMO study item.

· 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

Many of these issues are closely related to CSI feedback where existing codebooks are defined based on single-cell MIMO deployments with specific antenna configurations. Further newly defined CSI-RS and DMRS may also require some modifications to enhance UE measurements. In this contribution, we discuss some potential feedback enhancements that may be targeted in Rel-11 timeframe.
2. Background: Impact of New Deployments on DL-MIMO Feedback 
It is clear that new deployments are to be main focus of the Rel-11 MIMO study item, which has been discussed in some detail and captured following discussions after the previous meeting [1]
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[2]. The main issues are the new potential antenna configurations and smaller and denser cell deployments. 
Antenna Configurations

The study in 3GPP has traditionally focused so far on sectorized directive antennas based on hexagonal deployments. Additional configurations can also include:
i) Omni Directional antennas (for small cells)

ii) Directive antennas that may be deployed in indoor/enterprise environments facing in or against the wall.

iii) Adaptive antennas

iv) Active antennas with elevation control

v) Distributed passive antennas, which may be configured with a single antenna port [4]
vi) Vertically stacked antenna elements which may use vertical beamforming to reach different elevations [3]
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[2].

In general, with appropriate models capturing antenna spacing and radiation pattern, the new antenna configuration can be incorporated with little effort into 3GPP studies. However, some configurations require revisiting ITU/WINNER channels and extensions to cover new aspects like 3D channel modeling that may require some time to finalize the channel models [7]. However, finalizing or prioritizing the existing models is needed as a first step to further study the potential enhancements for MIMO feedback. Some simple extensions can be considered, if can be agreed upon in the timeline, as they may motivate new feedback approaches. Further, it may be better to categorize the DL-MIMO study as a study of distributed antenna based deployments which capture most of the configurations above [7].
Small Cell Deployments
Unlike macros cells with large coverage area in conventional deployments, small cells deployments using RRH, picos and distributed antennas can become increasingly common, especially to complement the coverage of macro cells and provide better throughput in concentrated clusters of users and also to provide cell-splitting gains. Further, small cells also lead to rich and varying interference conditions, where a UE sees significant interference from multiple cells. Interference cancellation algorithms at a UE receiver may be relied upon to cancel few interferers, and further rely on network coordination to orthogonalize/eliminate interference from multiple sources at cell-edges.

On one hand such deployments can take advantage of proprietary enhanced interference cancellation capabilities at the UE and also more complex scheduling algorithms at the network. On the other hand, these could be very implementation specific and enabling feedback that reflects the capabilities of the UE could be key to realize the full extent of the gains. As pointed out in a real-life example in [5], the UE capabilities and behavior can be quite different from that expected by a network, which could be significantly pessimistic or optimistic. In addition, the numerous form factors and associated antenna sub-sytem designs in 4G devices present significant challenges and variation in UE behaviors. And this may be the case particularly with new configurations possible in future deployments for which UE may not have been tested for. So, enabling support for new deployments would require corresponding specification work to define UE behaviors and associated feedback for this purpose.
The flexibility of DMRS allows eNB to deviate from UE recommendation. But, we should target to enable feedback enhancement that also reflects interference cancellation and implementation-specific receiver capabilities at the UE to optimize network gain
3. Spatial Feedback Enhancements
Most of the study and the specification support in Rel-8/9/10 focused on the PMI/CQI feedback, which has been shown to be very reliable for SU-MIMO transmission. Further studies also showed that MU-MIMO transmission can also be improved with certain antenna configurations (like 4Tx ULA) and/or using more refined subband-based feedback with cross-pol configurations. It is also well understood that most of the gains can be attributed to the flexibility of precoding allowed by DMRS. 

Based on the new deployments targeted, it is also clear that designing codebooks targeting specific antenna configurations may not be a viable alternative going forward. The currently defined codebooks for 1, 2 and 4 Tx may be sufficient for antenna configurations that are studied in the past [3]. So, we do not think that significant re-design such codebooks need to be targeted for Release-11, for same scenarios [4]. However, new spatial feedback designs should enable new functionality for future deployments. Further small cells may very well have fewer UEs to support and hence fewer burdens on uplink capacity and further the trends for future devices indicate that battery power for radio transmission is a small fraction of total power used in mobile devices.
Release-11 feedback enhancements should target providing new functionality and also support of new requirements based on future deployments and future device capabilities
· Consider scalability of feedback to different antenna configurations, deployments and enhanced feedback overhead that may be feasible in small cells
4. CQI and Interference Measurements

It is in general recognized that defining appropriate CQI feedback is much less straight-forward when we move to more sophisticated MIMO schemes beyond SU-MIMO, in which case eNB and UE are well-agreed on the transmit configuration hypothesis, namely precoding and the expected interference. A UE is free of the burden of accounting for MU-transmission both in CSI feedback and demodulation and it is left to the eNB to make appropriate corrections and adjustments. In evaluations, such adjustments have been shown to work fairly well, especially when outer loop is used for potential co-channel interference mismatch corrections [10]. In general, we have observed that it tends to be the case with CQI prediction in MU even based on explicit or adaptive feedback, but we believe it is mainly due to the fact that eNB schedules MU only when a compatible UE with “orthogonal channel” is found. Whether the same observations extend to DL-MIMO transmissions, in scenarios where transmission arises from geographically separated antennas corresponding to a single cell ID (single-cell scenarios [A], [C] in [1]) with dynamic coordination, must be studied further. 

Regarding interference measurements for Release-10, significant discussion took place in RAN1 on the reference resource for interference measurements and the conclusion was to continue to use CRS for interference measurements. This is also the assumption for design of RAN4 demod/CSI tests for eDL-MIMO in Release-10 [11]. Below, we capture some observations comparing interference measurements based on CRS or potentially based on CSI-RS that may be enabled in Release-11 and beyond (see also [8] for similar discussions).
	CRS
	CSI-RS

	1) Supported/optimized in legacy UE implementations.
	1) Further optimization of receivers may be needed.

	2) Higher density of CRS in time/frequency provides better estimates.


	2) CSI-RS are sparse in frequency and time. The channel estimate is not highly accurate, but found to be sufficient for Rel-10 feedback modes. 

	3) The measured interference, though well estimated, does not represent the interference seen on PDSCH. This could be true if physical antennas corresponding to CRS and CSI-RS are differently configured, one example being the single-cell scenarios [A][C] and advanced JT/CB/CS based MIMO schemes that may be used.
	3) Interference estimated could be much worse, even if appropriately defined, since estimation accuracy is usually related to the accuracy of channel estimates and is expected to show large bias especially at low and high SNRs with poor channel estimates. This could be even more of a problem, if measurement is performed on individual subbands with no sufficient averaging of estimates, potentially leading to significant loss of performance with subband CQI modes.


Our initial observations (based on Phase-1 JT-MIMO studies with low-latency RRH connections, which are analogous to DL-MIMO study in these scenarios) showed that CQI definition need to be enhanced to avoid potential loss in some scenarios [8]
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[9] (result copied below, and observation is based on JT in FTP traffic).
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Figure 1 - Cell-Edge User Throughput Degradation (%) with CSI Impairments, 2Tx
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Figure 2- Mean User Throughput Degradation (%) with CSI Impairments, 2Tx JT-MIMO from [8]
Based on the discussion, we summarize the following observations and proposal,
i) The current assumption on interference measurements based on CRS is sufficient for Rel-10 operations.

ii) The CRS based measurements could provide mismatched reference in some configurations and limit the flexibility going forward.

iii) CSI-RS based interference measurement can be highly inaccurate and potentially unusable for subband based interference measurements. 

iv) Considering new deployment and new MIMO/CoMP schemes, corresponding changes to interference measurement and CQI definitions should be addressed as part of CQI/feedback enhancements.

5. Conclusions

In this contribution, we discussed some of the areas to focus on for CSI enhancements for Release-11 DL-MIMO. Broadly, they can be classified as targeting 

i) Reflecting UE capabilities in feedback

ii) Feedback enhancements that target new functionality and address future deployments

iii) Revisit Release-10 CQI definitions and interference measurements baseline considering impact on performance with MIMO/CoMP schemes.
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