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According to the Rel.13 WID on EB/FD-MIMO ([1], approved in RAN#68), two types of CSI-RS will be defined in Rel.13 FD-MIMO along with the necessary CSI reporting mechanisms: non-precoded (NP) and beamformed (BF) CSI-RS. In Rel.12 where only one type of CSI-RS is present, one CSI process is associated with one non-zero-power (NZP) CSI-RS resource. In particular, CSI process configuration includes the following [2]:
· CSI process ID
· NZP CSI-RS and CSI-IM configuration ID
· CQI (CSI) reporting configurations for periodic and aperiodic reporting modes
To understand what it takes to support NP and BF CSI-RS for FD-MIMO, this contribution compares NP and BF CSI-RS in terms of UE behaviors. In addition, it discusses the relation between CSI process and NZP CSI-RS resource configuration for Rel.13 with two types of CSI-RS. 
We focus on the so-called UE-specific BF CSI-RS. The so-called cell-specific BF CSI-RS can be treated as Rel.11 COMP which utilizes one CSI process per beam (or vertical sector).  

Comparison between NP and BF CSI-RS
Non-precoded (NP) and beamformed (BF) CSI-RS result in different operational properties in the following aspects of UE behavior.

Number and geometry of CSI-RS ports
Since BF CSI-RS is primarily intended to increase CSI-RS coverage and reduce CSI-RS overhead as well as UE measurement complexity, the number of antenna ports measured by a UE tends to be significantly smaller than that associated with NP CSI-RS. For example, for a DL FD-MIMO transmission operating with 16-port NP CSI-RS, a UE may be configured to measure only 2 or 4 antenna ports which can be formed by applying beamforming on the 16-port NP CSI-RS. 
In addition, for a given number of ports, it is possible to associated NP CSI-RS with more than one 2D antenna port geometries. This 2D antenna port geometry is associated with a choice of codebook. For example, assuming dual-polarized scenario (Pa=2), a 16-port NP CSI-RS can be associated with (Ma,Na) = (2,4) and (4,2) [4]. If 1D port geometry is supported in Rel.13, (Ma,Na) = (1,8) and (8,1) are also possible. This is not the case for BF CSI-RS which can be characterized by its number of ports alone.
UE measurement
If UE-specific beamforming/precoding on CSI-RS can vary across subframes, some measurement restriction may be needed to ensure that a UE does not perform time interpolation across subframes containing BF CSI-RS. This is because CSI measurement across BF CSI-RS instances will cause faulty CSI when UE-specific beamforming varies across those subframes. 
The same issue occurs if UE-specific beamforming varies across PRBs. In this case, frequency-domain interpolation across PRBs can cause faulty CSI measurement.  
However, it should be kept in mind that the beamforming operation on BF CSI-RS is likely to be derived from long-term channel properties/statistics (such as an estimate of DL AoD profile) which tend to be wideband as well. This is especially true for FDD when DL-UL short-term reciprocity is unavailable. In this case, UE-specific beamforming can be made wideband as well as slowly varying across subframes for a given UE. Note that this does not preclude multiplexing multiple UE-specifically beamformed CSI-RS for different UEs in frequency domain (hence different sets of beamforming weights across subbands) for resource pooling.  
Therefore, the necessity of introducing both time-domain and frequency-domain measurement restriction is still unclear. But since such beamforming operation does not need to vary across PRBs yet still needs to be varied across subframes, a case for time-domain measurement restriction may be made for BF CSI-RS. That is, CSI measurement associated with BF CSI-RS is to be derived from a restricted set of subframes (with one-subframe set as a special case). It should be noted, however, that the need may not be strong as the variation in beamforming applied to BF CSI-RS is expected to be slow.
For NP CSI-RS, any measurement restriction is not needed. That is, CSI measurement associated with NP CSI-RS can be derived from NP CSI-RS from multiple subframes. 
CSI reporting
Assuming a dual-stage Kronecker product (KP) codebook design [3], a precoding matrix in a Rel.13 2D codebook (for 12- and 16-port NP CSI-RS) can be written as follows:
												(1)
If we follow the codebook design principle from Rel.12, this model holds for at least RI ≤ 4 (for RI > 4, only component is present). Here denotes a precoder component for the first stage (wideband, long-term) and n-th dimension (1 or 2). The Kronecker product forms a set of 2D beams which is selected and co-phased across two polarization groups with . Denoting the associated PMI values for  as , respectively, a CSI report measured and calculated from NP CSI-RS includes all the PMI values (). On the other hand, a CSI report measured and calculated from BF CSI-RS (which is precoded/beamformed with a long-term and wideband precoder) only needs to include the second-stage PMI (). 

Based on the above comparisons, it is clear that NP CSI-RS and BF CSI-RS need to be differentiated. Furthermore, at least the above aspects need to be associated with the type of CSI-RS. In the context of FD-MIMO, any potential time-domain measurement restriction is appropriate only for BF CSI-RS. The content of CSI (or in particular, PMI) reporting depends on the type of CSI-RS. Even for the same number of ports, codebooks for NP CSI-RS and BF CSI-RS can be different.
Since BF CSI-RS requires a different set of UE behaviors, it is fitting to define a new set of antenna ports for BF CSI-RS. This new set facilitates resource (port) pooling/sharing across different UEs which lends itself to further potential enhancements in Rel.14 (such as more dynamic CSI-RS resource allocation). The total number of new antenna ports is to be determined. For Rel.13, a set of 8 new antenna ports seems to be sufficient. More ports for BF CSI-RS can be defined in Rel.14.

Observation: UE behaviors such as possible time-domain measurement restriction, the content of CSI reports, and PMI codebook depend on CSI-RS type. 
Proposal: For Rel.13 FD-MIMO
· Define two types of CSI-RS (or NZP CSI-RS resources): non-precoded (NP) and beamformed (BF) CSI-RS 
· Associate UE behavioral aspects such as the content of CSI reports, PMI codebook, and/or a possible time-domain measurement restriction  with CSI-RS type 
· Define a new set of antenna ports for BF CSI-RS
· The total number of ports is FFS

[bookmark: _Ref416187633]CSI Process Definition
Having defined two types of CSI-RS, each type of CSI-RS requires one NZP CSI-RS resource. In Rel.12, NZP CSI-RS resource configuration is a part of CSI process configuration. The same principle can be extended in Rel.13 to support FD-MIMO. Figure 1 depicts two alternatives for relating CSI process and NZP CSI-RS resources.
· Alt1: One CSI process for NP CSI-RS, another CSI process for BF CSI-RS
· Each of the two CSI processes includes one NZP CSI-RS resource
· Alt2. One CSI process for both NP CSI-RS and BF CSI-RS
· The single CSI process includes up to two NZP CSI-RS resources. Three options can be accommodated in this alternative:
· 1 CSI-RS resource, used for operation with NP CSI-RS only
· 1 CSI-RS resource, used for operation with UE-specific BF CSI-RS only
· 2 CSR-RS resources, used for operation with both NP CSI-RS and BF CSI-RS
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[bookmark: _Ref427118089]Figure 1 Two alternatives for CSI process definition with respect to NZP CSI process(es)

In Alt1, two CSI processes are utilized for a UE, one for NP CSI-RS, another for BF CSI-RS. For each of the two CSI processes, a single NZP CSI-RS resource is configured which is utilized for either NP CSI-RS or BF CSI-RS, but not both. Therefore, a serving eNodeB configures two CSI processes for a UE, one for NP CSI-RS, another for BF CSI-RS. For each of the two CSI processes, a single NZP CSI-RS resource is configured.
In this case, the definition of Rel.12 CSI process can be readily used. In addition, if a measurement restriction is to be introduced for BF CSI-RS, the CSI process associated with NP CSI-RS is not affected. However, this alternative doubles the need for CSI processes for a given UE which may conflict with some other system features such as COMP. Not only does it increase UE complexity, but it also consumes more CSI processes which are shared by all the RRC_CONNECTED UEs.
In Alt2, two separate NZP CSI-RS resources per CSI process are utilized, one set (Set 1) for NP CSI-RS, another set (Set 2) for UE-specific BF CSI-RS. Therefore, a serving eNodeB configures only one CSI processes for a UE. This single CSI process is utilized for both NP CSI-RS and BF CSI-RS. But within this single CSI process, two NZP CSI-RS resources are assigned, one for NP CSI-RS, another for BF CSI-RS. Set 1 consists of NPORT ports, is associated with a 2D CSI-RS port pattern (Ma,Na), and is cell-specific. Set 2 consists of NPORT,BF ports for a given UE. This set is used for a UE whenever needed as the UE applies UE-specific beamforming. Each of these two NZP CSI-RS resources can be turned off. 
In this case, a new Rel.13 extension of CSI process definition (which accommodates two NZP CSI-RS resources) is needed. This, however, does not constitute to any significant standardization effort. In turn, this alternative does not result in an increased usage of CSI processes as in Alt1. 
In terms of flexibility in supporting various application scenarios of CSI-RS, both alternatives support the following configurations:
· NP CSI-RS ‘on’, BF CSI-RS ‘off’
· NP CSI-RS ‘off’, BF CSI-RS ‘on’
· Both NP CSI-RS and BF CSI-RS ‘on’ 
The last scenario allows a hybrid operation between NP CSI-RS and BF CSI-RS where NP CSI-RS can be used to assist a serving eNodeB in forming BF CSI-RS through CSI reporting. Although this scenario can be configured in both alternatives, Alt2 is a more natural setup for such a scenario. When operated for this scenario, both NP CSI-RS and BF CSI-RS are multiplexed in the same CSI process. As the UE measures NP CSI-RS, an implicit time-domain measurement restriction applies due to the presence of BF CSI-RS, and vice versa. Since the UE knows which subframes are associated with NP CSI-RS and which associated with BF CSI-RS (inferred from its NZP CSI-RS resource configurations), the UE can apply its own measurement restriction to avoid interpolating across subframes which carry different types of CSI-RS. Therefore, such a measurement restriction can be taken care of by UE implementation.
In light of the above comparison, Alt2 seems to be a preferred alternative among the two. 

Proposal: One Rel.13 CSI process including up to two NZP CSI-RS resources: one for NP CSI-RS, the other for BF CSI-RS 

Conclusion
In this contribution, we have presented our view on CSI-RS types for Rel.13 FD-MIMO in relation to CSI process definition. Our proposals can be summarized as follows: 
· Define two types of CSI-RS (or NZP CSI-RS resources): non-precoded (NP) and beamformed (BF) CSI-RS 
· Associate UE behavioral aspects such as the content of CSI reports, PMI codebook, and/or a possible time-domain measurement restriction  with CSI-RS type 
· Define a new set of antenna ports for BF CSI-RS
· The total number of ports is FFS
· [bookmark: _GoBack]One Rel.13 CSI process including up to two NZP CSI-RS resources: one for NP CSI-RS, the other for BF CSI-RS 
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