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1. Introduction
The chairman notes from the previous meeting identified the following prioritization for the DL-MIMO study item.

Way Forward:

High priority areas for study in RAN1:

· Time misalignment / antenna calibration

· Downlink control signaling enhancement (including UE-specific RS-based)

· Further discussion required on prioritization

· Feedback and related enhancements, including: 

· Interference measurement enhancement

· Rank reporting

· Further discussion required on prioritization

· CSI accuracy (especially for MU-MIMO) for the high-priority scenarios and antenna configurations. 

Scenarios and antenna configurations (to be discussed more later with corresponding tdocs):

· Geographically separated antennas

· Power-imbalanced antenna ports

· X-pol antenna deployments 

Many of these issues are closely related to CSI feedback. In this contribution, we discuss feedback enhancements that may be targeted in Rel-11 timeframe.
2. Focus on Small Cell Deployments

Small-cell deployments like scenario C 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. 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 channel and interference conditions, where a UE sees significant interference from multiple cells. Interference cancellation algorithms at a UE receiver may be relied upon to cancel some interferers, and further rely on network coordination to orthogonalize/eliminate interference from multiple sources at cell-edges. Small cell deployments could also potentially support higher rank SU/MU MIMO. However, the MU gains are expected to be small if the number of supported UEs per pico/small cell is small, which may be one issue to further discuss in the current simulation assumptions. 
Proposal 

Consider small cell deployments as a key enhancement scenario for feedback enhancements. Target scenarios with large number of users per cell and high rank SU/MU enhancements 
3. UE Feedback and Measurements in New Scenarios

New deployments as discussed above may support higher rank transmissions They can improve the SNR of the UE by taking advantage of proprietary interference cancellation capabilities at the UE as well as more complex scheduling algorithms at the network which may use coordinated beamforming/blanking schemes in addition to MIMO enhancements. Such enhancements could be deployment specific and enabling feedback that is aligned with the implementation of the UE could be key to realize the full extent of the gains offered by the network. As discussed in real-life examples with with rank adaptation, 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-system 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.

In Release-10, an 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 with MU-dimensioning targeted in Release-10, especially when outer loop is used for potential co-channel interference mismatch corrections [2]. In general, we have observed that this tends to be the case even with MU-CQI prediction 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. In previous studies further MU-CQI feedback enhancements are shown to be not substantial (<5%). Whether the same observations extend to DL-MIMO transmissions, in scenarios where transmission arises from geographically separated antennas with dynamic coordination must be studied further. Further study is also needed in case of higher rank MU transmissions. On the other hand, MU gains in cross-pol scenarios with all the impairments modeled has not been encouraging in the past results [3], and must be targeted for further enhancements.
Proposal

The flexibility of DMRS allows eNB to deviate from UE recommendation. But, we should consider enabling feedback enhancement that also reflects interference cancellation and implementation-specific receiver capabilities at the UE to optimize network gain.

Recommend further study of MU-CQI capturing realistic receiver models in new deployment scenarios. 

Focus on new cross-pol deployments and revisit some of the observations and conclusions on MU gains

4. Codebook Enhancements

Most of the study and the specification support in Rel-8/9/10 focused on the 4-bit PMI/CQI feedback per subband, which has been shown to be very reliable for SU-MIMO transmission. Further studies in Release-10 also showed that MU-MIMO transmission can also be improved with certain antenna configurations (like 4Tx ULA) and using more refined subband-based feedback with cross-pol configurations (although additional enhancements may be needed to realize these gains as described in previous section). It is also well understood that most of the gains can be attributed to the flexibility of precoding allowed by DMRS, allowing ZFBF precoding at the transmitter. 

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, though some dimensioning will help reduce the configurations [4]. The existing codebooks for 1, 2 and 4 Tx may be sufficient for antenna configurations that are studied in the past. So, we do think that significant re-design of such codebooks need not to be targeted for Release-11, for same scenarios. However, spatial feedback designs should only target new functionality for future deployments with meaningful gains. Further small cells may support higher uplink capacity and the trends for future devices indicate that battery power for radio transmission is a small fraction of total power used in mobile devices, which could also support increase overhead for CSI feedback. Further new uplink control channel designs (along with uplink CoMP support) may also support increased overhead of feedback. In general, a significant change to overhead assumptions may be needed to realize any realistic gains [5].
Proposal

It is well understood that with existing overhead constraints, only minor gains can be expected with any enhancements. We recommend revising the overhead benchmark before proceeding with further study of codebook/spatial CSI enhancements.

5. Conclusions

In this contribution, we discussed some of the areas to focus on for CSI enhancements for Release-11 DL-MIMO. Based on the discussion, we proposed the following,

Consider small cell deployments as a key enhancement scenario for feedback enhancements. Target scenarios with large number of users per cell and high rank SU/MU enhancements.
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.

Recommend further study of MU-CQI capturing realistic receiver models in new deployment scenarios. 

Focus on new cross-pol deployments and revisit some of the observations and conclusions on MU gains 
It is well understood that with existing overhead constraints, only minor gains can be expected with any enhancements. We recommend revising the overhead benchmark before proceeding with further study of codebook/spatial CSI enhancements.
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