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Introduction
In RAN #68 meeting, the WI “Elevation Beamforming/Full-Dimension (FD) MIMO for LTE” was approved to be started from RAN1 #82 [1]. The WI has the following objectives regarding the CSI-RS enhancements:
· 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
· [bookmark: _GoBack]Beamformed CSI-RS
In this contribution, we discuss our view on CSI-RS enhancements to support non-precoded CSI-RS-based schemes. We first discuss CSI-RS resource configuration for 12 and 16 CSI-RS ports, and next the issue of CSI-RS port indexing at the UE side for CSI measurement and report.

CSI-RS resource configuration
In this section, we consider potential enhancements on the CSI-RS configuration for 12 and 16 CSI-RS ports per CSI process. As discussed previously [2], mainly we have two different approaches. One is to define new CSI-RS patterns for 12 and 16 ports, and the other is to aggregate existing CSI-RS resources for {1,2,4,8} ports.

New CSI-RS patterns
In Rel-10, antenna virtualization was regarded as a pure implementation issue. Therefore, based on the assumption of ordinary one-to-one mapping for antenna port to TXRU mapping, CDM(-T) and FDM were chosen for multiplexing schemes of different CSI-RS ports. However, in EBF/FD-MIMO, as the number of TXRUs increases, the available transmit power of each TXRU decreases. Hence, preserving the channel estimation accuracy becomes more challenging if one-to-one mapping is applied to CSI-RS port virtualization.
Under the one-to-one mapping assumption, per-CSI-RS port available transmit power depends on the port multiplexing schemes. If UE mobility is low, CDM with length-4 OCC can be beneficial since it enables efficient power utilization and has minimum impact on RAN4. However, adopting length-4 CDM does not maintain the nested structure with legacy patterns for {1,2,4,8} ports. Between FDM and TDM, FDM-based pattern extension is favorable since it does not incur a degradation of CSI measurement accuracy due to phase drift, and ensures full power utilization at the price of additional CSI-RS power boost. If the current RAN4 condition, i.e., 6 dB boost at most, cannot be changed, about 1.8 dB and 3 dB loss in CSI-RS coverage is inevitable for 12 and 16 CSI-RS ports, respectively. Meanwhile, if one-to-many mapping, e.g. the scheme discussed in [3], is assumed for CSI-RS port virtualization, full power utilization can ensured by both TDM and FDM under the current RAN4 condition.
Observation 1: For extended CSI-RS pattern(s), the choice of ports multiplexing scheme depends on which CSI-RS port virtualization scheme is assumed.
Observation 2: If a new CSI-RS pattern for 12 and 16 ports is introduced, FDM-based pattern extension is favorable.

Figure 1 illustrates examples of CSI-RS patterns for 12 and 16 CSI-RS ports. Based on FDM, 4 and 8 more REs were added to the legacy 8 port pattern within the same OFDM symbols. For 12 ports, up to two CSI-RS configurations can be set in a subframe as in Figure 1(a).


[bookmark: _Ref427270423]Figure 1. CSI-RS patterns for 12 and 16 ports
On the other hand, PRB bundling in the frequency domain can be applied for CSI-RS overhead reduction. This approach can be motivated by the fact that one subband usually comprises multiple PRB pairs. An example CSI-RS pattern for 16 ports over the 2 adjacent PRB pairs in the frequency domain is shown in Figure 2. Considering the impact of reduced CSI-RS RE density on channel estimation performance, the maximum bundle size can be restricted to 2. Whether to apply the PRB bundling to existing {1,2,4,8} ports as well is another issue to be discussed.


[bookmark: _Ref427328619]Figure 2. CSI-RS pattern for 16 ports using 2 PRB pairs

Aggregation of existing CSI-RS resources
Another way of configuring 12 and 16 CSI-RS ports is to combine existing {1,2,4,8} ports. This method can provide flexible resource allocation within a pre-defined CSI-RS resource pool, and thus is rather forward-compatible, i.e., can be applied to any even number of ports or more than 16 ports. For the resource range of the aggregation, a couple of alternatives can be considered:
· Alt. 1: Aggregation within a single PRB pair
· Alt. 2: Aggregation over (one or) multiple subframes
· Alt. 3: Aggregation over (one or) multiple adjacent PRB pairs in the frequency domain
Regarding the PDSCH rate matching for Rel-10 onward legacy UEs, Alt. 1 is expected to have the minimum impact if the existing CSI-RS resource pool is reused. In the case of Alt. 2, for legacy UEs, multiple CSI processes may be required to configure ZP CSI-RS resources over multiple subframes. In Alt. 3, CSI-RS resources need to be carefully chosen since the ZP CSI-RS configuration cannot be frequency selective for legacy UEs. 
Since the WI scope restricts the number of CSI-RS ports to not more than 16, Alt. 2 is not desirable considering its impact on signaling and potential performance loss due to relatively large phase drift over time domain. Therefore, either Alt. 1 or Alt. 3 is preferred depending on whether the current CSI-RS RE density is preserved or not. Figure 3 and Figure 4 show examples of Alt. 1 and Alt. 3, respectively, where 12 or 16 CSI-RS ports are configured by the aggregation of two existing CSI-RS resources (8+4 for 12 ports and 8+8 for 16 ports).

              
[bookmark: _Ref427335453]Figure 3. CSI-RS pattern for 12 ports (Alt. 1)


[bookmark: _Ref427335455]Figure 4. CSI-RS patterns for 16 ports for UE A and 12 ports for UE B (Alt. 3)

If the aggregation of CSI-RS resources is supported within a CSI process, the current CSI process definition needs to be changed, that is, a CSI process may possess multiple CSI-RS resources. How to modify the RRC parameters related to the CSI measurement and report while considering the enhancements for beamformed CSI-RS-based schemes together would be a major specification work.
However, to meet the objectives of this WI, defining two new CSI-RS patterns, i.e., one for 12 ports and the other for 16 ports, is sufficient. This approach is simpler since the concept of the resource aggregation needs not be introduced. Considering the short time schedule of the WI, we think that optimizing for 12 and 16 ports only in this release is a better option.
Proposal 1: New CSI-RS patterns for 12 and 16 ports are introduced in Rel-13.

CSI-RS port indexing
When UE measures the CSI for transmission mode 9 or 10, the UE assumes that PDSCH signals are carried on CSI-RS ports {15,…,14+P} through the precoding:


where W(i) is the P-by-υ precoding matrix corresponding to the PMI reported by the UE, P is the number of CSI-RS ports, and υ is the number of PDSCH layers. From this relation, UE assumes that CSI-RS port number 15+k (k=0,…,P-1) corresponds to the k-th row of the precoder, i.e., the codebook entry k in each column. Likewise, under the legacy 1D codebook, UE needs not assume any physical structure on CSI-RS ports.
2 
However, in EBF/FD-MIMO, in order to support CSI feedback based on the 2D codebook, UE should know the number of the horizontal CSI-RS ports and the vertical CSI-RS ports (denoted by PH and PV). Since UE would know the total number of CSI-RS ports P by the CSI-RS resource configuration, one of PH and PV can be signaled to UE. In this case, whether the CSI-RS ports having different polarizations are counted in the horizontal domain or the vertical domain should be determined. Or alternatively, for the separation of the polarization domain and others, the number of polarizations (PP =1 or 2) can be additionally signaled to UE.
When UE knows PH and PV, the UE can assume that the CSI-RS port numbers increase in the vertical domain first, and the horizontal domain second as shown in Figure 5(a). Or, the UE can assume that the CSI-RS port numbers increase in the horizontal domain first, and the vertical domain second like Figure 5(b). By denoting m (m=0,…,PV-1) and n (n=0,…,PH-1) as the CSI-RS port index in the vertical domain and the horizontal domain, respectively, the former can be represented as k = PV*n + m and the latter can be represented as k = PH*m + n.
Similarly, when UE knows PP as well as PH and PV, the UE can assume that, for example, the CSI-RS port numbers increase in the vertical domain first, the horizontal domain second, and the polarization domain third. This corresponds to the ordering in Figure 5(a). In this case, the overall CSI-RS port number k can be represented by k = PV*(PH*p + n) + m.
Proposal 2: For non-precoded CSI-RS-based schemes using 2D codebook, specify the CSI-RS port indexing rule for CSI measurement and report.


[bookmark: _Ref427358602]Figure 5. Examples of 2D CSI-RS port indexing

The deployment of wide antenna array, e.g. the number of columns N=8, is motivated by its large spatial multiplexing gain which is beneficial especially for MU-MIMO. In this case, there is a co-existence issue between the FD-MIMO UEs and the legacy UEs. Assuming the cross-pol antennas, as illustrated in Figure 6, the FD-MIMO UE can be configured with 16 CSI-RS ports but the legacy UE can be configured with only up to 8 CSI-RS ports with a single CSI process. Therefore, the legacy UE can only see a part of the CSI-RS port array. If the CSI-RS port indexing rule in Figure 5(a) or Figure 5(b) is applied, a mismatch of CSI-RS ports between the FD-MIMO UE and the legacy UE occurs due to the cross-pol antenna structure.


[bookmark: _Ref427359974]Figure 6. A mismatch of CSI-RS ports between UEs
A simple way to resolve this problem is to allocate separate CSI-RS resources for the two UEs. Then, since the CSI-RSs for the two UEs are transmitted on different REs, there is an advantage that each can have different virtualizations. However, this solution increases the CSI-RS overhead to support the legacy UE (e.g. 8 more REs in this example).
As another approach, the FD-MIMO UE can assume different CSI-RS port indices at the channel estimation stage and at the CSI measurement stage. For example, the ordering in Figure 7 can be applied when demapping the CSI-RS ports from the configured REs at the channel estimation stage, and after that, the order can be rearranged according to the original rule as in Figure 6 when performing the CSI measurement and report. As a result, the eNB can allocate the CSI-RS for the legacy UE and a part of the CSI-RS for the FD-MIMO UE to the same REs, from which the CSI-RS overhead can be preserved (as 16 REs in this example). Higher-layer signaling can be introduced to indicate whether or not and how to apply the CSI-RS port number reordering.


[bookmark: _Ref427363759]Figure 7. An example of CSI-RS port indexing
Proposal 3: Discuss the issue of co-existence of the FD-MIMO UEs and the legacy UEs by taking into account the CSI-RS overhead.

Conclusions
In this contribution, we have discussed potential CSI-RS enhancements for non-precoded CSI-RS-based EBF/FD-MIMO schemes. We suggest the following proposals:
Observation 1: For extended CSI-RS pattern(s), the choice of ports multiplexing scheme depends on which CSI-RS port virtualization scheme is assumed.
Observation 2: If new CSI-RS patterns for 12 and 16 ports are introduced, FDM-based pattern extension is favorable.
Proposal 1: A new CSI-RS pattern for 12 and 16 ports is introduced in Rel-13.
Proposal 2: For non-precoded CSI-RS-based schemes using 2D codebook, specify the CSI-RS port indexing rule for CSI measurement and report.
Proposal 3: Discuss the issue of co-existence of the FD-MIMO UEs and the legacy UEs by taking into account the CSI-RS overhead.
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