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Introduction
In the last RAN1 meeting #82, the followings agreements were made regarding the CSI-RS design for 12 and 16 ports for Rel-13 EBF/FD-MIMO [1]:
	Agreements:
· Design principle for 12- and 16-port NZP CSI-RS resources in Rel-13:
· CSI-RS density of 1RE/RB/port is maintained
· FFS on lower density
· Only existing 40 CSI-RS REs per PRB pair are reused for 12- and 16-port NZP CSI-RS resources
· 12- or 16-port NZP CSI-RS REs are obtained by aggregating NZP CSI-RS REs of multiple legacy CSI-RS configurations in the same subframe
· FFS on configuration details
· FFS on CDM length
· FFS on improvement of 12-port NZP CSI-RS resources using REs other than existing 40 CSI-RS REs
· FFS on CSI-RS transmission in DwPTS



In this contribution, we discuss details of CSI-RS configurations for 12 and 16 ports NZP CSI-RS.

Discussion
CDM length
In the last meeting, there was a proposal that CDM length for 12/16 ports CSI-RS should be further studied. It is well understood that increasing the CDM length provides efficient power utilization under the same RAN4 requirements. For example, CDM length-4 enables full power utilization for up to 16 CSI-RS ports without support of optimized virtualization schemes.
However, introducing a new CDM length inevitably leads to a change of the base pattern, which means that the nested structure among the patterns will not be maintained any more. Preserving the nested structure is important in terms of the UE receiver implementation complexity. Also, under the nested structure, multiple UEs configured with different number of CSI-RS ports can share the CSI-RS resources if a common virtualization is applied to the UEs. For example, when a FD-MIMO UE configured with 16 ports and a legacy UE configured with 8 ports coexist in the same cell (which will be an ordinary scenario), the legacy UE can reuse the CSI-RS REs configured for the FD-MIMO UE. From this, the RS overhead can be reduced.


[bookmark: _Ref431037630]Figure 1. Example base patterns for length-4 OCC
Since the CDM length longer than 4 is not realistic to be adopted in Rel-13, we only focus on the CDM length-4. Figure 1 shows two examples of base patterns to which the length-4 OCC is applied. Adopting Base pattern A is a straightforward solution since the RE positions of Base pattern A is the same as the RE positions of the legacy 4 ports CSI-RS pattern. However, it degrades the channel estimation performance when the channel coherence bandwidth is small. Meanwhile, Base pattern B guarantees high channel estimation accuracy when the channel is time and/or frequency selective since the channel over the adjacent REs can be safely assumed flat. However, Base pattern B is difficult to be applied for 12 ports CSI-RS because 12 ports CSI-RS consists of at least one legacy pattern of 2 or 4 ports according to the agreement in the last meeting. Another option can be to apply the OCC along the time domain but the same difficulty is expected in this option.
Considering the above listed issues regarding the new CDM length, we believe that CDM length-2 is a better choice for 12 and 16 ports CSI-RS configuration.
Observation 1: Finding a proper base pattern, i.e. a set of REs over which the OCC is applied, for CDM length-4 for both 12 and 16 ports CSI-RS is difficult.
Proposal 1: The legacy CDM is applied for CSI-RS configuration of 12 and 16 ports.
[bookmark: _GoBack]
Configuration of CSI-RS RE sets
Depending on the CSI process design [2], two options for configuration of CSI-RS RE positions for 12/16 ports are available.
· Alt. 1: A 12/16 ports CSI-RS RE set is determined by multiple legacy CSI-RS resources/configurations
· Alt. 2: A 12/16 ports CSI-RS RE set is determined by a single CSI-RS resource/configuration
Alt. 1 is to reuse the current CSI-RS configurations defined with 1/2/4/8 ports. Therefore, there is no need of an update of the CSI-RS configuration mapping table in TS 36.211. Instead of this, however, decision for the CSI process definition and rules of CSI-RS resource aggregation and port indexing is needed. We feel that it would be not easy to reach consensus on these remaining issues which have been not discussed ever.
According to Alt. 2, the CSI-RS configuration table should be extended to include new columns for 12/16 ports. There are two ways to fill in the configuration table: 1) allowing overlapping REs between different CSI-RS configuration indices, 2) not allowing overlapping REs between different CSI-RS configuration indices. By allowing the overlapping, larger number of different configurations for each of 12 and 16 ports can be defined. Therefore, flexibility in CSI-RS resource configuration can be increased. However, it does not help to increase the reuse factor since two configurations with partial overlap cannot be configured simultaneously.
Figure 1 illustrates examples of CSI-RS patterns for 12 and 16 CSI-RS ports, where the RE overlapping is not applied. These patterns are an FDM-based extension of the legacy pattern. Compared to TDM, FDM 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. In this example, the reuse factor for 12 and 16 ports is two and one, respectively.
On the other hand, the reuse factor of one may not be sufficient for aggressive frequency reuse in cell planning. In Figure 2, we provide other examples for 16 ports CSI-RS whose reuse factor is two. Both cases consist of two different patterns, one based on FDM and the other based on TDM. The TDM-based pattern in Figure 2(a) would be slightly more robust to the phase error between different OFDM symbols.
Proposal 2: Down-select the CSI-RS RE set(s) for 12 and 16 ports, which is configured with a single CSI-RS resource/configuration in a CSI process.
Proposal 3: Reuse factor of two is sufficient for CSI-RS configuration of 12 and 16 ports under the current CSI-RS resource pool, i.e. 40 REs.



[bookmark: _Ref427270423]Figure 2. Example patterns for 12 and 16 ports


[bookmark: _Ref431035921]Figure 3. Example patterns for 16 ports with reuse factor of two

One remaining FFS point is whether the same density or lower density is applied for 12/16 ports CSI-RS. PRB bundling in the frequency domain has been proposed as one of approaches 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 4. If PRB bundling is introduced, the maximum bundle size can be restricted to 2 to minimize the impact on channel estimation performance. Whether to apply the PRB bundling to the existing 1/2/4/8 ports as well is another issue to be discussed.


[bookmark: _Ref427328619]Figure 4. Example pattern for 16 ports using 2 PRB pairs

Conclusion
In this contribution, we have discussed the design issues for CSI-RS configuration of 12 and 16 ports. We suggest the following proposals:
Observation 1: Finding a proper base pattern, i.e. a set of REs over which the OCC is applied, for CDM length-4 for both 12 and 16 ports CSI-RS is difficult.
Proposal 1: The legacy CDM is applied for CSI-RS configuration of 12 and 16 ports.
Proposal 2: Down-select the CSI-RS RE set(s) for 12 and 16 ports, which is configured with a single CSI-RS resource/configuration in a CSI process.
Proposal 3: Reuse factor of two is sufficient for CSI-RS configuration of 12 and 16 ports under the current CSI-RS resource pool, i.e. 40 REs.
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