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1 Introduction
In RAN1#80, it was agreed that the following would be further studied as potential CSI-RS enhancements for FD-MIMO in terms of the number non-zero power CSI-RS ports:

· For non-precoded CSI-RS, prioritize on antenna port number per CSI-RS resource of 16, 32, 64 for performance evaluations
· Note: It is not a prioritization of CSI feedback scheme and CSI feedback scheme of 2, 4, 8 CSI-RS ports can be considered 
· Increasing the maximum number of NZP CSI-RS ports (>8) for >8 TXRUs per CSI process

· Number of non-precoded CSI-RS ports per CSI-RS resource which is a multiple of 2, e.g. 10

· Note: one CSI-RS port may be mapped onto one or more than one TXRUs

· Note: Another constraint given by SID is the number of TXRUs equals to 8, 16, 32, 64
· Number of beamformed CSI-RS ports per CSI-RS resource can be flexible

As in any MIMO system, channel measurement is one of the critical areas for efficient operation of link adaptation. For this reason, depending on the design of CSI-RS, it is quite likely that many of the core aspects of FD-MIMO will be affected in one way or another. Due to the importance of CSI-RS on the overall system operation of FD-MIMO, the design of CSI-RS needs to consider the following requirements:

· CSI-RS design should facilitate accurate channel measurement
· A generalized common CSI-RS structure should be targeted for applications with different number of CSI-RS ports (or TXRUs) and future extensions
One issue that pertains to all potential CSI-RS enhancements is the wireless resources on which CSI-RS ports are mapped and transmitted. In Rel-12, an eNB can only configure 1, 2, 4, or 8 CSI-RS ports per process. Regardless of whether the CSI-RS for FD-MIMO is precoded or not, this limitation on the number of CSI-RS ports per process may not be enough for FD-MIMO system with large TXRUs. FD-MIMO has a large number of TXRUs, which offer more degrees of freedom than any legacy MIMO system. Due to the high degrees of freedom in the spatial domain, the optimum CSI-RS transmission scheme can be different depending on the deployment scenarios. Furthermore, considering backward compatibility of CSI-RS configuration as well as forward compatibility to support different implementations of CSI-RS transmission, it may be beneficial to have a more flexible design for CSI-RS configurations. In this contribution, we describe some potential specification impacts and provide possible alternatives to support larger number of CSI-RS (for both non-precoded and beamformed CSI-RS).

2 Issues on CSI-RS enhancement for FD-MIMO
To support more CSI-RS antenna ports, the most important issue is to define adequate wireless resources on which CSI-RS is transmitted. In legacy LTE-A systems, specification supports for 1, 2, 4, or 8 CSI-RS antenna ports are provided with the following properties 
· 1 RE/port/PRB pair density (except for single-port CSI-RS)
· Avoid (reduce) collision of CSI-RS and control region/CRS/PBCH/PSS/SSS/port-5, etc.

· Multiplexing for different antenna ports within a CSI-RS pattern (time, frequency, code, etc)

· CSI-RS pattern design for blanking/muting/inter-cell interference control

· CSI-RS EPRE configuration for boosting
Once the resource for the enhanced CSI-RS is determined, a follow-up aspect that needs consideration is the order of CSI-RS mapping. In order for a well-defined precoding application and CSI generation, the specification would have to include details on how the CSI-RS ports are applied for CSI generation. Specifically, in Rel-12, PMI is selected based a specific mapping of CSI-RS ports (port-15 ~ port-(14+P), where P is the number of CSI-RS ports) and candidate precoding matrices, which is defined by the CQI definition in [2]. The codebooks that have been designed so far for LTE/LTE-A were designed with certain antenna configurations in mind (co-pol/cross-pol, uniform linear arrays, etc). In the current specification, it is up to the eNB to take into account these features and map TXRUs to CSI-RS ports accordingly. Since, FD-MIMO can utilize more than 8 CSI-RS ports, the specification might require additional details on how these ports are mapped with the precoding matrices. 
2.1 CSI-RS resource pool to support larger than 8 CSI-RS ports
In order to support CSI-RS with more than 8 antenna ports, resources for CSI-RS would need be extended if the same RE density per CSI-RS port is maintained. There are two options to secure a large amount of REs while ensuring flexibility for forward and backward compatibilities.

1.  Design new CSI-RS resource pools and CSI-RS patterns

2.  Reuse legacy CSI-RS resource pool (diagonal stripes) by combining/decomposing existing CSI-RS patterns (see Figure 1)
[image: image1.emf]
Figure 1. Legacy RS mapping pattern per PRB pair.
Defining new CSI-RS resource pools might not be necessary given the fact that Rel-12 already has a well-defined CSI-RS resource pool that was designed to work with minimal impact on existing LTE/LTE-A system operations. Therefore, we propose that any CSI-RS that is defined for FD-MIMO be transmitted on the existing CSI-RS resource pool.
Proposal: CSI-RS is transmitted on the legacy CSI-RS resource pool.
2.2 Configurations of multiple CSI-RS resources for larger than 8 CSI-RS ports

The current CSI-RS configuration allows only up to 8 CSI-RS ports. An approach which requires no extension on Rel-12 specification to configure more than 8 CSI-RS ports for a single UE is to configure multiple CSI processes with different CSI-RS configurations. While such an approach is possible, it lacks flexibility for efficient and accurate channel measurement of both horizontal and vertical directions.

Another approach would be to configure multiple NZP CSI-RS resources for a single CSI process. Instead of limiting the number of CSI-RS configurations within a CSI process to 1 as in Rel-12, the specification would allow multiple CSI-RS configurations for each CSI process. Multiple CSI-RS resource configurations can be utilized not only for partial-port CSI-RS [1] but also for full-port CSI-RS. For example, it is possible to configure two or three NZP CSI-RS resources with the number of CSI-RS ports <
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> to support 4H3V antenna array structure whose total number of TXRU is 12 as depicted in Figure 1. Figure 1 shows that by configuring multiple NZP CSI-RS resources, it is possible to secure both scalability (e.g. to support up to 64 CSI-RS ports) and flexibility (e.g. to support multiple of 2 CSI-RS ports).

Given the enhanced CSI-RS configuration of Figure 1, feedback framework with full-port CSI-RS is more straight forward compared to partial-port CSI-RS. If full-port CSI-RS is utilized, the precoding mechanism simply needs to be extended to process additional antenna ports without further consideration for different subsampling options. However, a drawback of full-port CSI-RS is that it would result in higher overhead. If the CSI-RS RE density is maintained as in Rel-12, a full-32-port CSI-RS would require an overhead of 32 REs per CSI-RS subframe.

Proposal: For flexible and future-proof CSI-RS design, configure multiple NZP CSI-RS resources per CSI process to support larger number of CSI-RS ports
· Maximum number of  NZP CSI-RS resources per CSI process is FFS
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Figure 2. An example of multiple CSI-RS resource configurations to support total 12 CSI-RS ports
2.3 Details for CSI-RS port mapping
As previously mentioned, the specification needs to have a well-defined mapping between CSI-RS antenna ports and precoding matrices. Given that there are more than one CSI-RS configurations within a CSI process as shown in Figure 2, without a well-defined mapping between CSI-RS antenna ports and precoding matrices, it would not be possible to generate a well-defined CSI. Since 2-dimensional precoding could be adopted in diverse ways and will be evolved for future LTE-A releases, the enhanced mapping rule has to be suitable for various operating scenarios such as H/V decomposed codebook, jointly designed 2D-codebook, non-precoded CSI-RS, BF CSI-RS, subsampled CSI-RS, etc. One way would be define the order of CSI-RS antenna ports for the case where multiple NZP CSI-RS resources are configured for a single CSI process. In the case of full-port CSI-RS, for example, the indices can be consecutively allocated in the order of CSI-RS configuration as shown in Figure 2.
Proposal: Considering flexible and future-proof CSI-RS design, RAN1 should discuss mapping rules between CSI-RS ports and allocated REs for large number of CSI-RS ports

· How to define relationships between multiple NZP CSI resources is FFS
2.4 Details for CSI-RS port subsampling
As discussed in previous subsections, CSI-RS with RE density of 1 would require relatively high overhead on CSI-RS subframes. One way to avoid such overhead could be to utilize some form of subsampling. Depending on the domain in which subsampling is applied, the alternatives can be categorized as follows:

· Time domain CSI-RS subsampling
· Frequency domain CSI-RS subsampling 

· Antenna domain CSI-RS subsampling
For time domain CSI-RS subsampling, the transmissions for CSI-RS antenna ports take turn in the time domain. For example, CSI-RS ports 15~18 would be transmitted on subframes 10N while CSI-RS ports 19~22 would be transmitted on subframes 10N+5. For frequency domain CSI-RS subsampling, the transmissions for CSI-RS antenna ports take turn in the frequency. Such an approach is motivated by the fact that smallest frequency granularity for which a UE can provide CSI is a subband. For antenna domain CSI-RS subsampling, CSI-RS is only transmitted for a subset of the TXRUs. For example, for a 2D antenna array, CSI-RS would be transmitted for one of the antenna columns and one of the antenna rows.
Regardless of how the subsampling is performed, the UE and eNB would need to share a common assumption on how the subsampling is done. Such a common assumption can be predefined in the specification or signalled to the UE via higher layer signalling.
Proposal: Consider CSI-RS subsampling as one of the candidate CSI-RS enhancements
3 Conclusion
In this contribution, we discussed potential issues on CSI-RS enhancement for FD-MIMO. Based on the discussion, following proposals are drawn:
Proposal: CSI-RS is transmitted on the legacy CSI-RS resource pool at least until R13.
Proposal: For flexible and future-proof CSI-RS design, configure multiple NZP CSI-RS resources per CSI process to support larger number of CSI-RS ports
· Maximum number of  NZP CSI-RS resources per CSI process is FFS
Proposal: Considering flexible and future-proof CSI-RS design, RAN1 should discuss mapping rules between CSI-RS ports and allocated REs for large number of CSI-RS ports
· How to define relationships between multiple NZP CSI resources is FFS
Proposal: Consider CSI-RS subsampling as one of the candidate CSI-RS enhancements
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