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1. Introduction

The approved WID [1] includes enhancement on non-precoded and beamformed CSI-RS based schemes, which have impacts on CSI process and CSI-RS configurations for supporting EBF/FD-MIMO.
For non-precoded CSI-RS based schemes, a new type of CSI-RS resource comprising total 12 or 16 ports within a CSI process needs to be defined so that a UE measures such CSI-RS ports and reports corresponding FD-MIMO CSI feedback, which is thoroughly discussed in our companion contribution [2].

For beamformed CSI-RS based schemes, three identified approaches for allocating beamformed CSI-RS resource(s) are captured in TR36.897 [3] as shown below for convenience, and there exist different specification issues depending on each considered approach, which are more elaborated in another companion contribution [4].
-
Approach 1, UE-specific beamforming on configured CSI-RS resource: In this approach, a serving eNB may dynamically change the beamforming weights applied on a NZP CSI-RS resource configured to a UE. To ensure that the UE resets the start time of a CSI measurement window when beamforming change occurs, the UE may explicitly or implicitly receive an indication from the eNB. Alternatively, the UE may be configured to always limit its NZP CSI-RS measurement window (e.g. to 1 subframe). An interference measurement window may also be used for CSI-IM measurements. Measurement resource restriction, for either or both of CSI-IM and CSI-RS, may apply in the frequency domain as well. 
-
Approach 2, CSI-RS resource change for channel measurement: In this approach, a UE is configured with M(>1) NZP CSI-RS resources. From those M resources, the eNB selects N (>=1) resource(s) for a CSI process and signals the selected resources to the UE. Alternatively, UE reports N selected CSI-RS resource indices out of M configured CSI-RS resources. 
-
Approach 3, Aperiodic beamformed CSI-RS: In this approach, a UE is configured with a CSI process on which the actual NZP CSI-RS transmission and CSI-IM measurement instances are controlled by eNB and signaled to the UE.  The measurement window can be configured by higher-layer signaling.

In this contribution, overall specification impacts on CSI process and CSI-RS configurations are discussed, considering both non-precoded and beamformed CSI-RS based schemes.

2. Discussion
2.1. Non-precoded CSI-RS based schemes
The existing CSI process definition includes a combination of one NZP CSI-RS resource and one CSI-IM resource for UE’s CSI measurement. Here, such legacy NZP CSI-RS resource may have {1, 2, 4, or 8} CSI-RS antenna ports in its configuration. For supporting FD-MIMO with 12- and 16-port CSI-RS in Rel-13, either an aggregation of multiple legacy NZP CSI-RS resources in a CSI process or designing a new NZP CSI-RS resource needs to be supported.

The former option has a merit of network flexibility in configuring total 12- or 16-port NZP CSI-RS in a CSI process, since multiple legacy NZP CSI-RS resources can be freely configured in the CSI process in terms of time/frequency resource allocation. On the contrary, this option requires more complexity in UE operation in that UE has to implement all possible combinations of such legacy NZP CSI-RS resource aggregation, also with increasing channel estimation complexity.
The latter option in turn has a merit of lower UE complexity compared to the former one, in exchange of reduced network flexibility in configuring 12- or 16-port NZP CSI-RS in a CSI process. Since UE complexity is more important aspect in our view, it is desirable to follow the latter option or have some restrictions in network configuration when we take more flexible former one with considering future extension as well. More detailed discussions are found in our companion contribution [2].
Proposal 1: For supporting 12- and 16-port CSI-RS in a CSI process, configuration flexibility should be strictly limited to a couple of possible CSI-RS patterns, each comprising multiple legacy CSI-RS resources.

2.2. Beamformed CSI-RS based schemes
In terms of UE complexity, beamformed CSI-RS based schemes have advantages that the number of NZP CSI-RS ports to be measured for CSI derivation can be maintained as legacy schemes, i.e., up to 8 NZP CSI-RS ports may be sufficient due to the applied beamforming weights in advance on the transmitted NZP CSI-RS. Therefore, enhancements to 12- and 16-port CSI-RS patterns in the previous subsection may not be needed when we consider beamformed CSI-RS based FD-MIMO schemes, although 12- or 16-port beamformed CSI-RS transmissions may also be utilizable when an eNB employs very large number of transmit antennas for future extension.
In the perspective of beamformed CSI-RS based schemes, necessary enhancements on CSI process including NZP CSI-RS resources depends on each approach identified in Section 1. 
For Approach 1 utilizing UE-dedicated CSI-RS resource allocation, the periodically transmitted NZP CSI-RS configured in a CSI process may be applied with adaptively varying beamforming coefficients fit to the UE channel direction in every CSI-RS transmitting time instance, since this NZP CSI-RS resource is dedicatedly allocated to the UE. If such variation of beamforming coefficients does not occur so frequently, it is beneficial to let the UE know whether the applied beamforming coefficients are changed or not so as to properly set or reset CSI measurement window for CSI derivation, although the UE does not have to know the exact beamforming coefficients applied to the NZP CSI-RS.
Observation 1: An explicit beam change indication from eNB for the UE to reset the start time of a CSI measurement window needs to be supported for Approach 1 utilizing UE-dedicated beamformed CSI-RS resource allocation.
Approach 2 utilizing cell-specifically fixed M beamformed CSI-RS resources can be beneficial compared to Approach 1 as the number of active UEs in the cell increases, due to extensive CSI-RS overhead in case of Approach 1. In general, a cell may predetermine candidate multiple (e.g., 2, 4, or 8) beamformed CSI-RS resources, since within the cell coverage there can be many UEs preferring different beam directions. In this case, a UE may be indicated to measure N=1 CSI-RS out of the whole candidate M beamformed CSI-RS resources, where the corresponding CSI process configuration includes the M CSI-RS resource configurations. Although this CSI process includes multiple M CSI-RS resources, this configuration needs to be differentiated by an indication from usages for non-precoded CSI-RS based case as discussed in the previous section. If the preferable N CSI-RS resource out of M candidate beamformed resources is found to be changed based on UE’s CSI-RSRP reports, and so on, it needs to be possible to inform the UE of valid CSI-RS resource change for CSI measurement within the CSI process. If some of the candidate beamformed CSI-RSs are not needed to be transmitted in the cell perspective due to no UEs preferring the corresponding vertical beam directions for example, such CSI-RS resources can be flexibly used for data transmissions by dynamic ZP CSI-RS indication for obtaining such performance benefits.

Observation 2: Dynamic ZP CSI-RS indications need to be supported for beamformed CSI-RS based schemes for obtaining significant performance gains by CSI-RS overhead saving.
Approach 3 utilizing aperiodic beamformed CSI-RS transmissions is regarded to be the best method which combines both advantages in Approaches 1 and 2, in that Approach 3 is not relying on UE-dedicated CSI-RS resource allocation as in Approach 1 (but utilizing CSI-RS resource pooling for multiple UEs in a cell) and beamforming coefficients can be flexibly changed on the same NZP CSI-RS resource (compared to the cell-specifically fixed CSI-RS resource as in Approach 2). For this approach, in the corresponding CSI process configuration, there needs to be an indication that the UE may not always be able to measure the configured NZP CSI-RS on all the transmitting instances, but the measurement instance for the configured NZP CSI-RS resource will be dynamically triggered by the eNB. This dynamic triggering can be associated to a CSI request field of UL-related DCI, such that the corresponding aperiodic CSI reporting can be used in conjunction with Approach 3 employing aperiodic beamformed CSI-RS transmissions.
In our companion contribution [4], performance comparisons among the approaches are presented, where Approach 3 utilizing aperiodic beamformed transmissions shows the best performance by system-level simulations. Note that the major factor for such performance gain is due to CSI-RS overhead control, and if there is no need to transmit aperiodic CSI-RS, the corresponding CSI-RS REs are released to be reused for PDSCH transmissions. To do so, dynamic ZP-CSI-RS indications need to be supported.
Observation 3: Approach 3 utilizing aperiodic beamformed transmissions shows the best performance due to efficiently control CSI-RS overhead with resource pooling among UEs.

Proposal 2: Aperiodic beamformed CSI-RS transmission schemes should be supported in Rel-13 based on the best performance with significant gains.
3. Conclusion
In this contribution, we discussed overall specification impacts on CSI process and CSI-RS configurations for both non-precoded and beamformed CSI-RS based schemes. The observations and proposals based on the discussion are given as follow:
Proposal 1: For supporting 12- and 16-port CSI-RS in a CSI process, configuration flexibility should be strictly limited to a couple of possible CSI-RS patterns, each comprising multiple legacy CSI-RS resources.

Observation 1: An explicit beam change indication from eNB for the UE to reset the start time of a CSI measurement window needs to be supported for Approach 1 utilizing UE-dedicated beamformed CSI-RS resource allocation.
Observation 2: Dynamic ZP CSI-RS indications need to be supported for beamformed CSI-RS based schemes for obtaining significant performance gains by CSI-RS overhead saving.

Observation 3: Approach 3 utilizing aperiodic beamformed transmissions shows the best performance due to efficiently control CSI-RS overhead with resource pooling among UEs.

Proposal 2: Aperiodic beamformed CSI-RS transmission schemes should be supported in Rel-13 based on the best performance with significant gains.
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