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1. Introduction
In RAN #65, the SI “Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE” was approved [1] for evaluating potential enhancements utilizing 2D active antenna arrays with different numbers of TXRUs. According to the RAN1 work plan, the followings are expected to be discussed in RAN1 #80 [2].
RAN1#80:
· [bookmark: _GoBack]Continue evaluation on performance benefits of standard enhancements targeting two-dimensional antenna array operation
· Performance evaluation for {16, 32, 64} TXRUs.
· Discuss design principles for implementing identified enhancement technologies.
In this contribution, we discuss potential enhancements on CSI-RS transmission and resource configuration for 2D AAS including more than 8 TXRUs. CSI measurement and report perspectives are discussed in our companion paper [3].

2. Discussion
2.1.  CSI-RS antenna port mapping
In order to fully utilize benefits of 2D AAS for FD-MIMO, UE should acquire 3D channel information and report it to the serving cell. Under the 2D rectangular antenna arrays, one convenient way to handle the 3D channel information is to divide it into horizontal CSI (hCSI) and vertical CSI (vCSI). To allow a UE to obtain CSI in both directions, CSI-RS antenna ports need to be seen as a 2D array by the UE. When CSI-RS antenna ports are allocated in the 2D horizontal-vertical plane, two different structures can be considered: 2D rectangular array (2D-RA) and two crossed linear arrays (2D-XLA).

CSI-RS antenna ports with 2D-RA
In this case, CSI-RS antenna ports are defined for all the elements constituting a 2D-RA. For example, we can consider a (2,4,1) or (2,2,2) TXRU structure where the notation (MTXRU,N,P) is from TXRU model 1 [4]. Then, the 2D-RA may consist of 8 CSI-RS antenna ports as shown in Figure 1, where  and  denote the number of CSI-RS antenna ports in the elevation and azimuth domains, respectively.

 
[bookmark: _Ref402961036]Figure 1. An example of 2D-RA for (2,4,1) or (2,2,2) TXRUs
For the 2D-RA, the signaling for the 2D array size may or may not be needed depending on which CSI feedback mechanism is applied. If standard-transparent enhancement for CSI feedback is considered, UE would not need to know the array structure. Meanwhile, if the CSI (CQI, PMI, and/or RI) is separated into two CSIs for the elevation and azimuth domains, the signaling is necessary. In the latter case, UE may also need to recognize the mapping relation between the CSI-RS port numbers and the array elements. The mapping relation can be predefined in the specification, or can be signaled to UE. In the signaling case, the port number mapping should be carefully designed not to increase the signaling overhead much.
Assuming that  and  can be 1, 2, 4, or 8, the total number of CSI-RS antenna ports for the 2D-RA can be up to 64. If the total number of CSI-RS antenna ports does not exceed 8, then Rel-10 CSI-RS resource configuration can be reused with or without additional signaling of  or . However, in order to support larger number of TXRUs, the current signaling for CSI-RS resource configuration including TM 10 signaling may not be sufficient.

CSI-RS antenna ports with 2D-XLA
In this structure, CSI-RS antenna ports are mapped to one of the columns (for elevation domain) and one of the rows (for azimuth domain) of a rectangular matrix. In the case of (2,4,1) and (2,2,2) TXRUs mentioned above, 2D-XLA requires 5 or 6 CSI-RS antenna ports as shown in Figure 2.

 
[bookmark: _Ref402961134]Figure 2. Examples of 2D-XLA for (2,4,1) or (2,2,2) TXRUs
The main benefit of 2D-XLA compared to the 2D-RA is that it can greatly reduce the number of CSI-RS antenna ports for larger TXRU size. Assuming that  and  can be 1, 2, 4, or 8, the total number of CSI-RS antenna ports with the 2D-XLA does not exceed 16. In this case, a natural extension can be separate configuration of CSI-RS resources in the elevation and the azimuth domains. For the better acquisition of CSI, signaling for the 2D array size and/or cross-point of two linear (horizontal and vertical) arrays can be considered.
Observation 1: For both the 2D-RA and the 2D-XLA structure for CSI-RS antenna ports, the current CSI-RS resource configuration may not be sufficient for achieving potential performance improvement of EBF and FD-MIMO.

2.2.  CSI-RS resource configuration enhancement
With the consideration of the CSI-RS structure, the issues regarding the mapping of the CSI-RS antenna ports to resource elements and the signalling of the mapping relations need to be investigated. When we consider enhancement for CSI-RS resource configuration, we should keep in mind that the channel estimation performance should be preserved as much as possible.
A simple and standard-transparent enhancement can be to reuse Rel-11 multiple CSI processes. For example, assuming that two CSI processes are configured to a UE, one CSI process can be assigned for hCSI and the other CSI process can be assigned for vCSI. Alternatively, both two CSI processes can be assigned for two different hCSIs. However, since in this approach, UE can only assume linear array CSI-RS, the serving cell should infer the 2D CSI based on the 1D CSI feedback. This may degrade the performance.
Therefore, additional information needs to be delivered to UE to improve the CSI feedback to be suitable for 2D AAS. In the following, we discuss a couple of ways to extend the CSI-RS resource allocation for more than 8 TXRUs which may require specification changes.
· Alt. 1: multiple CSI processes (with additional information)
First, we revisit the use of multiple CSI processes, but now we consider some additional information to be included in each CSI process, such as the direction of the non-zero power CSI-RS (horizontal or vertical) or dependency among CSI processes. More discussions on Alt. 1 can be found in our companion contribution [3].
Although this approach may require minimum specification change, there is a restriction on the total configurable number of CSI-RS antenna ports since only maximum 3 non-zero power CSI-RS resource configurations per carrier frequency are allowed. Time adaptive virtualization can be a supplementary choice which may relax this restriction.
· Alt. 2: aggregated CSI-RS resource configuration (CSI-RS occasion)
As another way of signaling multiple CSI-RS resource configurations, the concept of DRS occasion being developed for Rel-12 SCE can be applied. A UE can be configured with a CSI-RS occasion consisting of one or multiple CSI-RS resource configurations with a common periodicity and the same or different relative subframe offsets. An example of CSI-RS occasion with 4 CSI-RS resource configurations and a periodicity 5ms is drawn in Figure 3.


[bookmark: _Ref410227265]Figure 3. An example of a CSI-RS occasion with a periodicity 5ms
One important issue in Alt. 2 is CSI measurement and report procedure within a CSI-RS occasion. If multiple CSI reports for one CSI-RS occasion are allowed, association between CSI-RS resource configuration(s) and CSI report(s) needs to be specified.
In Alt. 1 and Alt. 2, CSI-RS resources indicated by different CSI-RS resource configurations are multiplexed by the FDM or the TDM. Therefore, if the number of TXRUs is larger than 8, the channel estimation performance may be influenced by the CSI-RS antenna port virtualization. Also, if the CSI-RS resources which contribute to a common CSI report are far apart to each other in the time domain (e.g. red resources and purple resources in Figure 3), the accuracy of the calculated CSI may be sensitive to UE mobility.
· Alt. 3: a single CSI-RS resource configuration within a single subframe
Whereas Alt. 1 and Alt. 2 aim to reuse the existing Rel-10/11 signaling for CSI-RS resource configuration and the number of CSI-RS antenna ports, Alt. 3 is based on the design of a single extended CSI-RS resource configuration. The extended resource configuration should apply for more than 8 CSI-RS antenna ports. To this end, the CSI-RS pattern which is currently defined for only 1, 2, 4, and 8 antenna ports needs an extension which may bring larger specification impact than other alternatives. FDM, TDM, CDM, or their combination can be considered for extension. Since all the CSI-RS resources are allocated within a single subframe, Alt. 3 would be less sensitive to UE mobility than the others.
Proposal 1: For CSI-RS enhancements for more than 8 TXRUs, a variety of options for CSI-RS antenna port virtualization and multiplexing strategies need to be investigated considering their impact on channel estimation performance.

3. Conclusions
In this contribution, we have discussed potential enhancements on CSI-RS resource configuration with consideration of 2D CSI-RS antenna port array structure for EBF/FD-MIMO. From the discussion, we suggest the following proposals:
Observation 1: For both the 2D-RA and the 2D-XLA structure for CSI-RS antenna ports, the current CSI-RS resource configuration may not be sufficient for achieving potential performance improvement of EBF and FD-MIMO.
Proposal 1: For CSI-RS enhancements for more than 8 TXRUs, a variety of options for CSI-RS antenna port virtualization and multiplexing strategies need to be investigated considering their impact on channel estimation performance.
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