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1 
Introduction
CSI feedback enhancements for LTE DL MIMO are one of the raised issues for the Rel. 11 Enhanced DL MIMO SI. The discussion in RAN1 had been kicked-off related to the deployment scenarios to be investigated through email discussion on the RAN1 reflector. 
The different deployment scenarios and antenna configurations are for sure best judged by the operator community, which knows best on what kind of antenna installations they have already deployed in their networks or they are planning to introduce in the near future. Fortunately, the operator community provided already some first input on their views in [1].

In this contribution we provide our view on the deployment discussions and CSI feedback enhancement studies in the Rel. 11 timeframe.
2 
Deployment Scenarios and CSI Feedback
2.1 Macro Deployments
As indicated in [1], the main focus from Macro deployment point of view should be related to cross-polarized antenna setups with closely spaced and widely spaced column setups for 2TX and 4TX antenna configurations. 

During the Rel. 10 timeframe, these scenarios have been extensively investigated with respect to the 4TX codebook design and other CSI enhancements. As a consequence and especially considering the required prioritization, we suggest to refrain from any investigation repetition and to keep the conclusions drawn during the Rel. 10 timeframe in these scenarios.

8TX macro deployments, which the operators in [1] seem to indicate to be not of highest priority, had been extensively studied in Rel. 10 as well with the introduction of the Rel. 10 8TX codebook for CSI feedback and TM9 operation, in general enabling more flexibility for 8TX deployments and DL MIMO operation.

Consequently, we would like to suggest:

Proposal: Cross-polarized antenna setups are to be considered as the main Macro-cell deployments but have been extensively studied already during Rel. 10. Therefore, we see CSI feedback enhancement studies for Macro only with medium to low priority, as the related investigations carried out and conclusions drawn during the Rel. 10 timeframe are still valid.
2.2 Macro cell and Small cells

Heterogeneous networks combining small cells operating within the coverage of macro-cells is an important deployment scenario for enhancements in the operators’ networks [1] and has raised plenty of interest in the related eICIC and COMP investigations. 
The operation of small cells using the same cell-ID as the macro cell, i.e. COMP scenario 4 enabled by e.g. low power RRH installations, is very different compared to the so far investigated single transmission point DL MIMO operations. The specific problem of having the antennas of a cell distributed (incl. possible large path-loss and/or signal-strength differences, effect of propagation delay as well as antenna calibration of distributed antennas, …) have so far been not considering in RAN1 and therefore deserve specific attention.
We therefore see this scenario as the most interesting and promising scenarios to improve the performance of DL MIMO by CSI feedback enhancements, taking the specifics of distributed antennas over geographically separated transmission points into account. As in the operator recommendations [1], we therefore see this is a high-priority scenario to study possible CSI feedback enhancements.

Proposal: Consider the needed feedback enhancements for combined macro-cell and small-cell operation (i.e. COMP Scenario 4) as a high-priority study scenario.
2.3 Small cells
With the increasing demand for additional capacity in certain areas of the cellular networks, additional small cell deployments are getting more important and dominant in the operator networks [1]. 

The deployment scenario is for sure of high(est) importance, but the operation of small cell additions to networks is not that different from DL MIMO operation point of view compared to the DL MIMO studies focusing mainly on Macro only networks in the past. This of course only holds for case of the small cell being used as an own cell from a single transmission point given by e.g. traditional micro and/or pico eNodeB additions.
Proposal: CSI Enhancements for localized small cells should be treated with medium priority.

In contrast, small cells created by distributed antenna installations given by active antennas and the related RRHs, the same issues, similar possible gain potentials as well as required specification enhancements are present/needed/given as for the macro & small cell single-cell operation (i.e. COMP scenario 4). Therefore, we think that these related investigations should be performed in parallel with the standardization effort related to COMP Scenario 4 support in order to specify a single, generic solution covering both the distributed antenna systems with small TX power as well as combined high & lower power TX nodes. 
Proposal: CSI Enhancements for distributed small cells should be handled in parallel to (and with similar priority as) the related investigations for distributed antennas created by macro and small cells in order to converge to a single, generic solution supporting most distributed antenna scenarios.
2.4 Static UEs
Static UEs consuming plenty of data, e.g. given by laptop usage in hotspots and indoors, has been mentioned as one of the specific issues of attention by the operators [1]. 
For sure unnecessary feedback given by higher time and/or frequency correlation of the mobile radio channel should be prevented, but as discussed also in the companion contribution in [2], we prefer to keep the feedback overhead as low as possible by simply using the already available flexibility in LTE to refrain from too frequent and frequency selective CSI reporting.. Focusing on low CSI feedback overhead in such scenarios had been also the idea behind [3]. 

The idea of a low feedback overhead for static UEs for a single cell with co-located antennas will also come in handy when thinking of the required possible multi-cell/multi-point CSI feedback enhancements needed for e.g. COMP operation as well as possibly the appropriate support for distributed antenna single-cell DL MIMO operation (e.g. COMP scenario 4, small cells with distributed antennas). 
We therefore suggest keeping the single cell/single point CSI feedback as low as possible instead of enhancing the CSI feedback for static UEs and having the same overhead as for medium & high-speed UEs. 

Proposal: Keep the single cell/single point CSI feedback overhead for static UEs low - increasing the overhead by specific Rel. 11 enhancements is not seen as favorable.

2.5 Explicit feedback as a Rel. 11 CSI feedback enhancement
Explicit channel feedback has been mentioned by various contributions during RAN1#65 as a possible CSI feedback enhancement remaining for macro deployments. We would like here to draw the attention to the problematic of an unclear definition of CQI with explicit channel feedback, including UE test case definition and testability. 

Explicit channel feedback has been a point for discussion in LTE since the beginning of the Rel. 8 work. The main reason for choosing implicit feedback (and so far sticking to it) has been related to the UE testing issues as we have also raised during the related Rel. 10 discussions [4]. 
The RAN4 test procedure for CQI and PMI relies on a closed loop operation where the eNodeB transmits DL data to the UE according to the CQI & PMI information the UE provides to it. In order to pass the test the resulting BLER may not exceed 10%. However, with explicit feedback it becomes impossible for the UE to estimate CQI as the UE does not know what precoding the eNodeB shall apply. Therefore current test methodology is not easily applicable and any potential benefits of explicit feedback are lost as the accuracy and correctness of the UE feedback cannot be verified.  

Proposal: Consider implicit feedback framework as the basis for CSI feedback in Rel. 11 Enhanced DL MIMO studies. RAN4 related testing issues should be clarified before considering explicit feedback as alternative.
2.6. MU-MIMO Enhancements
Several contributions during RAN1#65 mention MU-MIMO enhancements, such as best/worst companion PMI as well as MU-MIMO specific CQI enhancements and/or modes – features that have been already extensively studied during the Rel. 10 timeframe. 
The Rel.10 MU-MIMO based on UE specific RS provides already very decent performance compared to e.g. earlier releases. However, the additional performance improvements from the above mentioned features shown during the Rel. 10 studies were not sufficient in RAN1 to justify the increase in the single cell/point feedback overhead required by these techniques. 

As there is a need to prioritize in 3GPP RAN1 scope of the studies and considering the already carried out extensive studies on the proposed features showing only minor (or no) gain, we suggest to handle these MU-MIMO enhancements with low(est) priority during the related Rel. 11 studies on DL MIMO. 

Proposal: Do not study MU-MIMO enhancement features already considered during Rel. 10.
3 
Summary & Conclusions
In this contribution, we discussed the scenarios and CSI enhancement features and try to provide input for the required prioritization of the CSI Feedback Enhancement studies for the Rel. 11 Enhanced DL MIMO SI. 
In short, our recommendations are summarized as follows:
Proposal 1: Cross-polarized antenna setups are to be considered as the main Macro-cell deployments but have been extensively studied already during Rel. 10. Therefore, we see CSI feedback enhancement studies for Macro only with medium to low priority, as the related investigations carried out and conclusions drawn during the Rel. 10 timeframe are still valid.
Proposal 2: Consider the needed feedback enhancements for combined macro-cell and small-cell operation (i.e. COMP Scenario 4) as a high-priority study scenario.
Proposal 3: CSI Enhancements for localized small cells should be treated with medium priority.

Proposal 4: CSI Enhancements for distributed small cells should be handled in parallel to (and with similar priority as) the related investigations for distributed antennas created by macro and small cells in order to converge to a single, generic solution supporting most distributed antenna scenarios.
Proposal 5: Keep the single cell/single point CSI feedback overhead for static UEs low - increasing the overhead by specific Rel. 11 enhancements is not seen as favorable.
Proposal 6: Consider implicit feedback framework as the basis for CSI feedback in Rel. 11 Enhanced DL MIMO studies. RAN4 related testing issues should be clarified before considering explicit feedback as alternative.
Proposal 7: Do not study MU-MIMO enhancement features already considered during Rel. 10.
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