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Introduction
[bookmark: _GoBack]In 3GPP RAN #71 meeting, work item (WI) on enhancements on FD-MIMO (eFD-MIMO) was agreed for Release 14. According to the WID [1], one of the objectives of the WI is to evaluate and, if needed, specify enhancement on CSI reporting based on non-precoded and beamformed CSI-RS to improve eNB precoding (such as new feedback methodologies in addition to codebook-based CSI feedback) and interference measurement to support efficient multi-user transmissions. One of the key discussion points related to eNB precoding improvement is the specification support for multi-user (MU) channel state information (CSI) that allows the eNB to perform link adaptation when spatially multiplexing signals for different UEs. This contribution presents Samsung’s views on CSI enhancement for MU-MIMO.
CSI enhancements in eFD-MIMO
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During the discussions on downlink (DL) MU-MIMO discussions in the past release, following key aspects for MU-MIMO specification were defined and intensively discussed [2]:
· Dynamic vs. non-dynamic SU-MU switching
· Transparent vs. non-transparent MU-MIMO
· Feedback (CSI) enhancement for MU-MIMO
· Number of layers per MU-MIMO UE
· Number of supported co-scheduled MU-MIMO UEs
Numerous evaluations had been provided to investigate above five aspects during LTE-A SI. Among those, some simulation results showed that some simple extension of implicit CQI/PMI feedback that is designed for SU-MIMO can provide comparable MU-MIMO performance assuming a small number of eNB antennas, e.g. 4 Tx in [4]. Another concern was low probability of MU transmission since high RU scenarios were not expected to occur frequently in the initial phases of LTE deployments. Based on such arguments, the third aspect, i.e. CSI enhancements for MU-MIMO, have not received much attention.
However, the situation quite differs in Rel.12/13. Firstly, up to 32 port CSI-RS will be introduced in eFD-MIMO [1]. As discussed in FD-MIMO SI, with larger number of TXRUs, CQI mismatch from MU MCS recalculation based on SU CQI cannot be ignored [7]. For instance, above 20% throughput gains can be obtained from MU CQI in some scenarios [6]. Secondly, high RU scenarios are becoming more relevant for dense urban scenarios such as UMi-open square, Indoor-office, or Indoor-shopping mall. These scenarios have been widely discussed for 5G SI as well as well-known 3D-channel model [3]. Evidently, the support of MU CSI enhancements in Rel.14 eFD-MIMO is highly justified.

Observation 1: Due to the large increase in the number of TXRUs and resource utilization, the support of MU CSI enhancements in Rel.14 eFD-MIMO is highly justified.

As aforementioned various MU-MIMO techniques had been discussed and evaluated in the past releases. In our point of views, we have at least three types of possible MU CSI enhancement; Type 1) Enhancements on interference measurement for accurate intra-cell interference measurement, Type 2) Enhancements on CSI enhancement to report additional/accurate CSI based on LTE/LTE-A CSI feedback mechanism, and Type 3) Introducing of new CSI feedback paradigm such as explicit CSI feedback.
In Type 1, CSI-IM can be utilized to measure various types of interference. In Rel.11, TM10 UEs can be configured with multiple NZP CSI-RSs and multiple interference measurement resources (IMR) which result in multiple CSI processes. With multiple CSI processes, it would be possible to measure for different channel and interference situations. For example, the eNB could configure two CSI processes with one restricted to rank 1 (or 2) and the other without restriction. With such configuration, the eNB can utilize rank-restricted feedback for MU-MIMO, and non-rank-restricted feedback for SU-MIMO. Another use case of multiple CSI processes is interference emulation. For instance, the eNB is able to show UE different virtual MU interferences in CSI-IMs of each CSI process. In case of Rel.13, these virtual MU interferences can be TDM-ed in a single CSI process, since TM10 UEs can be configured with single-subframe-based interference measurement restriction (MR) in Rel.13. Please note that we can consider above examples as the reference points because they can be done by eNB implementations. However, this approach would require multiple subframes to feed back MU CSI to the eNB, although it can be configured with a single CSI process. Given that feedback and resource overheads reduction is one of the key issues in the future releases, support of aperiodic and/or multiple CSI-IM within a single CSI process should be studied.
In Type 2, on top of the implicit feedback paradigm, additional CSIs can be introduced to report accurate MU CSI. Type 2 has at least three subcategories; a) codebook enhancements such as adaptive codebook, differential codebook, and so on, b) CQI enhancements such as CQI under assumption of predetermined MU hypothesis, or DMRS based CQI, c) feedback enhancement such as best and/or worst companion CSI reporting. For example, the eNB may acquire more accurate CSI by reflecting long term channel statistics such as channel covariance matrix (adaptive codebook), or by exploiting time/frequency correlation of the channel (differential codebook) [5]. Adopting new CQI definition is another way to enhance MU CSI. The eNB can configure a UE to report CQI based on the preferred PMI and the corresponding set of interfering PMIs (predetermined MU hypothesis), or to report CQI obtained with DMRS for the demodulation of the MU-MIMO PDSCH (DMRS based CQI) [7]. Introducing additional feedback components such as best and/or worst companion PMI/CQI also had been discussed for MU CSI enhancement [8], [9]. For instance, the eNB is able to perform coordinated scheduling or beamforming based on the best/worst companion PMI(s), such as long-term reported additional i1, as well as legacy RI/PMI/CQI.
In Type 3, explicit CSI feedback such as direct (quantized) channel feedback, covariance matrix feedback, or eigenvector feedback via an UL control channel is proposed. As discussed in our companion contribution [10], this type of CSI can also be designed with less dependence on array geometry and configurations, since they strive to represent channel property itself rather than calculate RI/PMI/CQI under single-user (SU) hypothesis. Consequently, explicit CSI feedback is inherently robust to SU-MU CSI mismatch.
Understandably, what we discussed above may not cover all possibilities. For example, some of alternatives can be jointly utilized for MU CSI enhancements in the future releases. Other approaches also can be considered.

Observation 2: Various types of MU CSI enhancements are available including following alternatives:
· Type 1: Based on interference measurement enhancements [7].
· Type 1a: CSI process(es) with or without interference MR (by eNB implementation).
· Type 1b: Aperiodic and/or multiple CSI-IM within a single CSI process.
· Type 2: Based on CSI enhancements.
· Type 2a: Codebook enhancements such as adaptive codebook, differential codebook, etc. [5].
· Type 2b: CQI enhancements such as CQI under MU hypothesis, DMRS based CQI, etc. [7].
· Type 2c: Feedback enhancements such as best/worst companion CSI reporting [8], [9].
· Type 3: Based on explicit CSI feedback.
· Other types of MU CSI enhancements are not precluded.

According to the above discussions and observations, following proposal is available.

Proposal 1: MU CSI enhancements should be revisited and evaluated in the proper future deployment scenarios with larger number of TXRUs, higher target RUs and so on.

Conclusions
In this contribution, the following observations and proposal for CSI enhancement are drawn:
Observation 1: Due to the large increase in the number of TXRUs and resource utilization, the support of MU CSI enhancements in Rel.14 eFD-MIMO is highly justified.

Observation 2: Various types of MU CSI enhancements are available including following alternatives:
· Type 1: Based on interference measurement enhancements [7].
· Type 1a: CSI process(es) with or without interference MR (by eNB implementation).
· Type 1b: Aperiodic and/or multiple CSI-IM within a single CSI process.
· Type 2: Based on CSI enhancements.
· Type 2a: Codebook enhancements such as adaptive codebook, differential codebook, etc. [5].
· Type 2b: CQI enhancements such as CQI under MU hypothesis, DMRS based CQI, etc. [7].
· Type 2c: Feedback enhancements such as best/worst companion CSI reporting [8], [9].
· Type 3: Based on explicit CSI feedback.
· Other types of MU CSI enhancements are not precluded.

Proposal 1: MU CSI enhancements should be revisited and evaluated in the proper future deployment scenarios with larger number of TXRUs, higher target RUs and so on.
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