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1 Introduction

In RAN1 Meeting #82, it has been agreed that CSI-RS resource for 12 and 16 antenna ports should be confined in the existing 40 REs per PRB, and they can be obtained via aggregation of multiple legacy CSI-RS resources. Moreover, for CSI reporting class A (which corresponds to schemes with non-precoded CSI-RS), the CSI-RS resource with 12 or 16 ports can be configured as either a single newly specified CSI-RS pattern, or an aggregation of multiple legacy CSI-RS patterns that are separately configured. The related agreements made in RAN1 Meeting #82 are listed below [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

Agreements:
· A CSI process is associated with K CSI-RS resources/configurations (per definition in 36.211), with Nk ports for the kth CSI-RS resource (K could be >=1)

· Note: it is up to RAN2 to design the signaling configuration structure to support the above association

· Maximum value of K is FFS

· Maximum total number of CSI-RS ports in one CSI process 
· For CSI reporting class A, the Maximum total number of CSI-RS ports is 16

· FFS the maximum total number of CSI-RS ports in one CSI process is for CSI reporting class B

· For the purpose of RRC configuration of CSI-RS resource/configuration

· For CSI reporting Class A, RAN1 will choose one of the alternatives 

· Alt.1: CSI-RS resource/configuration with Nk: =12/16 to be defined in the spec (The index of CSI-RS configuration can be configured for CSI process with K=1). 

· Alt.2: 12/16 ports CSI-RS is an aggregation of K configured CSI-RS resources/configurations with 2/4/8 ports. (K>1)

· FFS on the schemes for aggregation and port indexing

· FFS between fixed or configurable value(s) for Nk
· For CSI reporting class B, FFS for details

· Note: It is possible to extend the value of Nk: in future releases

· FFS by RAN1 on the configuration restriction of using same CSI-RS resource/configuration parameters within one CSI process (e.g. Nk , Pc, CSR, scrambling ID, subframe config., etc.) 

· FFS on the QCL on CSI-RS ports

· Inform RAN2 about the above decision to start RRC signaling structure discussion


In correspondence, this contribution provides some of our views on configurations of CSI-RS resources for 12 and 16 antenna ports.
2 Configuration of CSI-RS Resources Aggregation
There are at maximum 40 resource elements per PRB that are available for CSI-RS allocation. To avoid mutual interference among different antenna ports during channel measurements, orthogonal resources are used for different CSI-RS ports. In particular, FDM and CDM are jointly used to multiplex CSI-RS. For cases with 2, 4, and 8 antenna ports, the number of antenna ports is equivalent to the number of REs required for one CSI-RS resource configuration, as shown in Figure 1. There are 20, 10, and 5 possible resource configurations for cases with 2, 4, and 8 ports respectively. 
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Figure 1: Possible CSI-RS resource configurations for 2 ports (left), 4 ports (middle), and 8 ports (right).
To support CSI measurements for more than 8 ports, this is intuitive to aggregate more than one CSI-RS resources supported by the existing specifications. For instance, a CSI-RS resource consisted of one 8-ports resource and one 4-ports resource can be jointly used to accommodate the cases with 12 ports (8 + 4 = 12). Similarly, two 8-ports resources can be aggregated for channel measurements with 16 antenna ports. The two alternatives for aggregated CSI-RS resources configurations are:
Alternative 1: Define new CSI-RS resource configurations for 12 and 16 antenna ports, so K = 1 CSI-RS resource is configured.
Alternative 2: K>1 legacy CSI-RS resources are separately configured and aggregated to form CSI-RS resources for cases with 12 and 16 antenna ports.
The differences of Alternatives 1 and 2 are illustrated in Figure 2.

In general the specification impact of Alt. 2 is smaller than Alt. 1, although it requires more configuration overhead as multiple CSI-RS resources are configured at once. Moreover, Alt. 2 is probably more future-proof as it is more flexible for cases where the number of antenna ports changes over time. For example, for hybrid schemes of non-precoded CSI-RS and beamformed CSI-RS [2], the number of antenna ports can be varied in different time instances. Note that typically the number of antenna ports for beamformed CSI-RS cases can be fewer (e.g. 2, 4, or 8) than that for non-precoded CSI-RS cases, which goes up to 12 or 16 in this WI. Hence, with separate CSI-RS resource configurations as in Alternative 2, the aggregated CSI-RS resource is used for non-precoded CSI-RS sessions, and only some (not all) of these configured CSI-RS resources are leveraged for CSI-RS transmission in beamformed CSI-RS sessions. Therefore, re-configurations of CSI-RS resources are not needed whenever switching between non-precoded CSI-RS and beamformed CSI-RS (or vice versa) occurs. This concept is illustrated in Figure 3. 
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Figure 2: Examples of aggregated CSI-RS resource configuration for 12 ports: Alt. 1 (left) configures a single CSI-RS resource for 12 antenna ports. Alt. 2 (right) seperately configures two CSI-RS resources of 8-ports and 4-ports respectively for aggregation. 
[image: image6.png]Non-Precoded Non-Precoded

CSI-Rs Beamformed Beamformed ~Beamformed CSI-Rs
CSI-RS CSI-RS CSI-RS
/ | | \ time
/ \ ) \
\ J

/ \ \
Aggregate two Y Aggregate two
CSI-RSresources: Use CSI-RS resources CSI-RS resources:
- Config. 1: 8 ports configuration 1 only - Config. 1: 8 ports

- Config. 2: 4 ports (8 ports) - Config. 2: 4 ports




Figure 3: Hybrid schemes of non-precoded CSI-RS and beamformed CSI-RS may require flexible CSI-RS resource configuration as the number of antenna ports changes over time. Alternative 2 of CSI-RS aggregation (separate configuration) may provide such flexibility.
3 Conclusion

Based on our opinions, we have the following proposal:

Proposal: The configurations of CSI-RS resources with 12 or 16 antenna ports are based on separate configurations of K>1 legacy CSI-RS resources.
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