3GPP TSG RAN WG1 Meeting #82                                                                   R1-154163
Beijing, China, 24th – May 28th August 2015
Agenda item:
7.2.5.2.2
Source: 
Samsung
Title: 
Configuration of beamformed CSI-RS for FD-MIMO
Document for:
Discussion and Decision
1. Introduction

In the RAN #68 meeting, high level categories for reference signal enhancements were agreed, which are captured in the WID [1]:
· Specify enhancements on reference signal in the following areas

· Non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mapping

· Beamformed CSI-RS

· SRS capacity improvement

· Support of additional ports for DMRS targeting higher dimensional MU-MIMO
This contribution proposes the configuration and transmission structure for supporting beamformed CSI-RS.
2. Beamformed CSI-RS Transmission
As discussed in [2], two different operation scenarios with beamformed CSI-RS have been introduced and compared with respect to performance and complexity. In this contribution, we assume that the UE-specific beamformed CSI-RS scenario is applied. To enable UE-specific beamformed CSI-RS operation scenario, some information at eNB such as beam direction(s) per UE should be necessary. This can be acquired by utilizing either long-term non-precoded CSI-RS or SRS. In UE-specific beamformed CSI-RS, at least different and orthogonal CSI-RS resources should be configured to multiple UEs to provide accurate channel measurement. 
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Figure 1 Beamformed CSI-RS transmission based on orthogonal CSI-RS resource configuration
The periodic CSI-RS resource configuration has been designed for non-precoded CSI-RS transmission in Rel.10~12. However, it is assumed that the periodic CSI-RS resource configurations are also used for UE-specific beamformed CSI-RS transmission. As shown in Figure 1, all Rel.13 UEs within a same serving cell are configured to orthogonal CSI-RS resources for beamformed CSI-RS. This is the simplest method to configure UE-specific CSI-RS resources for beamformed CSI-RS. In orthogonal CSI-RS resource configuration, UEs within a same cell have different CSI-RS configurations and/or CSI-RS subframe configurations as shown in Figure 1.
In case of orthogonal CSI-RS resource configuration, however, as the number of UEs increases, the overhead of beamformed CSI-RS resources are also linearly increased if beamformed CSI-RS periodicity is fixed and short to minimize channel mismatch between channel measurement and data transmission. To reduce the overhead of beamformed CSI-RS resources, the CSI-RS periodicity should be configured as longer CSI-RS periodicity. However, the longer CSI-RS periodicity may also cause the larger channel mismatch between channel measurement and data transmission.
Observation-1: If we assign orthogonal CSI-RS resources to all UEs in a cell for supporting beamformed CSI-RS, it causes some trade-off between CSI-RS resource overhead and channel mismatch.
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Figure 2 Beamformed CSI-RS transmission based on UE group CSI-RS resource configuration
To resolve the channel mismatch due to longer CSI-RS periodicity, eNB may rely on aperiodic CSI (AP-CSI) reporting. With long periodic CSI-RS transmission, it is difficult to make sure the accurate channel measurement for data transmission. So, eNB may request the aperiodic CSI reporting to update the channel status. To utilize the aperiodic CSI reporting for acquiring accurate CSI, however, additional beamformed CSI-RS resources for the designated UE should be assigned when long periodic CSI-RS transmission is applied. In this contribution, we introduce a beamformed CSI-RS transmission based on UE group CSI-RS resource configuration to flexibly provide the additional beamformed CSI-RS resource for the designated UE. 
In Figure 2, we illustrate CSI-RS resource configuration for UE-specific beamformed CSI-RS. All UEs allocated into a same UE group have a different subframe configuration, e.g. probably only different subframe offset and same periodicity, but same resource configuration.
 If beamformed CSI-RS resources for all UEs within a same UE group are aggregated, it can be seen as another CSI-RS resource with shorter periodicity and is defined as a UE group CSI-RS resource. It might be additionally configured to all UEs within a same UE group, which can be used for accurate AP-CSI reporting. For example, once AP-CSI is triggered for UE #1 via DCI, UE #1 can measure CSI-RS resource allocated to UE group #1, where the measured CSI-RS subframe is located in between timings of AP-CSI trigger and AP-CSI reporting. That is, the UE group CSI-RS resource can be exploited as a CSI-RS resource pool and can be an alternative solution to minimize the channel mismatch due to longer CSI-RS periodicity. From the eNB perspective, the amount of periodic CSI-RS resources is manageable by configuring CSI-RS periodicity to support beamformed CSI-RS for all UEs. Therefore, if eNB wants more accurate CSI reporting, AP-CSI reporting can be configured which is accompanied by an additional CSI-RS from UE group CSI-RS resource. 
Proposal-1: To overcome channel mismatch due to long periodicity of CSI-RS subframes in case of a large number of UEs in a serving cell, we propose an additional CSI-RS subframe configuration based on a CSI-RS resource pool dedicated only for AP-CSI reporting and can be managed as UE group CSI-RS resource by eNB.
3. Configuration of Beamformed CSI-RS
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Figure 3 Illustration of 2N-port beamformed CSI-RS (N=4 case)
In this section, the configuration of beamformed CSI-RS will be defined. Here, we define 2N-port beamformed CSI-RS, where 2N-ports are partitioned into two groups and each group is comprised of N beamformed CSI-RS ports. The beamformed CSI-RS ports assigned to each group are connected to the same polarization antennas. Based on this configuration, the pair of beamformed CSI-RS ports can be made by selecting one beamformed CSI-RS port in each group, where the CSI-RS ports selected as a same port-pair are precoded by same beamforming weight. So, in case of 2N beamformed CSI-RS ports, it means that N different beams (or beam directions) are applied for beamformed CSI-RS ports. Figure 3
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 illustrates an example of 2N-port beamformed CSI-RS for N=4 case, where 4 different beams per group are labeled as A1-A4 and B1-B4. In the figure, A1-A4 and B1-B4 indicate beams generated in a group of antenna ports with the two polarizations (e.g. -45(, +45(), respectively. For Rel.13, we propose to support 2N-port beamformed CSI-RS at least N=1, 2, and 4. For beamformed CSI-RS configuration, 1-port CSI-RS should be also included as well as 2N-port CSI-RS, e.g. for a potential TDD application.
Proposal-2: For configuration of beamformed CSI-RS, we propose 2N-port CSI-RS for N=1, 2, and 4, where each group comprises N CSI-RS ports and has same polarization. Also, 1-port CSI-RS should be included as well as 2N-port CSI-RS.
4. Discussion and Conclusion

In this contribution, we propose the configuration and transmission structure for supporting beamformed CSI-RS.
Observation-1: If we assign orthogonal CSI-RS resources to all UEs in a cell for supporting beamformed CSI-RS, it causes some trade-off between CSI-RS resource overhead and channel mismatch.
Proposal-1: To overcome channel mismatch due to long periodicity of CSI-RS subframes in case of many number of UEs in a serving cell, we propose an additional CSI-RS subframe configuration based on a CSI-RS resource pool dedicated only for AP-CSI reporting and can be managed as UE group CSI-RS resource by eNB.

Proposal-2: For configuration of beamformed CSI-RS, we propose 2N-port CSI-RS for N=1, 2, and 4, where each group comprises N CSI-RS ports and has same polarization. Also, 1-port CSI-RS should be included as well as 2N-port CSI-RS.
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