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1. Introduction
In RAN1#82, some agreements on CSI-RS design principle and configurations were reached as follows:
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 this contribution we further analyze a few pertaining issues and provide our views. 
2. Discussion
2.1. RRC configuration 

The main difference between the two alternatives agreed in RAN1#82 is that with alternative 1 there is only one CSI-RS resource/configuration for 12/16 ports CSI-RS which is similar to the configuration of current 1, 2, 4, 8 ports CSI-RS and with alternative 2 there are 2 or more smaller CSI-RS resources/configurations which makes 12/16 ports CSI-RS resource/configuration. For both alternatives, multiple legacy CSI-RS resources (2, 4, 8 ports) can be aggregated to construct 12/16 ports CSI-RS patterns. In alternative 2, for example, if 16 ports CSI-RS resource is aggregated from legacy 2 ports CSI-RS there are 
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 combinations which will increase complexity undesirably. If we keep the basic design principle of legacy CSI-RS resource, it is obvious that there are fewer configurations with increasing number of ports in one resource (e.g. 5 for 8 ports and 20 for 2 ports). For alternative 1, simply adding one column each for 12/16 ports CSI-RS resource configuration in table 6.10.5.2-1 in 36.211 (for normal subframe) and description in section 6.10.5.2 is enough. For future extension with other number of ports, similarly, adding columns in table 6.10.5.2-1 will be enough. People may argue that there is standardization effort involved, however, once RAN1 agrees on which legacy resources are aggregated to construct 12/16 ports CSI-RS resource it’s up to editor how to put it into the spec.
Proposal: select alternative 1 for the purpose of RRC configuration of CSI-RS resource/configuration.
2.2. Optimization for 12 ports CSI-RS 
With increasing number of ports, the reuse factor of CSI-RS resources within a PRB will decrease. Limiting to Rel.12 CSI-RS REs, reuse factor within a PRB pair of 12, 16 ports CSI-RS are 3 and 2 respectively. For 12 ports CSI-RS RE mapping, if 8 REs (encircled parts in Figure 1) previously not used for CSI-RS mapping in Rel-12 can be utilized the reuse factor increases to 4. And, one benefit of such design is that all 12 ports are mapped on same two adjacent OFDM symbols which avoids different power boosting on different ports. In future release, if number of CSI-RS ports is extended to 24, 2 resources of 12 ports can be aggregated to construct 2 patterns for 24 ports. Regarding impact to legacy UEs PDSCH, since new REs used for CSI-RS cannot be rate matched, eNB can handle with adjusting the scheduler, which has been the solution for Rel-8/9 UE when RAN1introduced CSI-RS in Rel-10. 
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Figure 1: Exemplary 12 port CSI-RS patterns 
Proposal: To improve 12-port NZP CSI-RS resources using REs other than existing 40 CSI-RS REs is supported.
2.3. Full power utilization
In Rel-10, full power utilization and power boosting was considered in the design of CSI-RS pattern. LS from RAN4 indicated that due implementation constraints maximum power boosting of 6dB is considered. For 8 ports CSI-RS, every two ports are CDM-T multiplexed with OCC=2 and with 6 dB power boosting, it is possible to achieve full power utilization. However, in case of 12 and 16 ports CSI-RS, considering power boosting limitation of 6dB, it may not be able to realize full power utilization with OCC=2. For 16 ports CSI-RS pattern design, figure 2 shows an example with OCC=4. Each port CSI-RS is mapped on 4 OFDM symbols, however they are not consecutive in time and maybe be on different sub-carriers. There will be some phase drift in measurement due to 1 or 2 OFDM symbols apart mapping of CSI-RS ports, however impact on measure CSI will be negligible. Time domain OCC=4 allows full power utilization for 16 ports CSI-RS which is crucial. For 12 ports CSI-RS, it is not possible to achieve full power utilization. So the design criteria should consider full power utilization wherever possible.
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Fig 2. 16Tx CSI-RS pattern, OCC=4
Proposal: for 16 ports CSI-RS mapping OCC=4 is used.
3. Conclusions
In this contribution we discussed a few high-level design principles for 12 and 16 port CSI-RS. Based on the discussion our preference is given below
Proposal: select alternative 1 for the purpose of RRC configuration of CSI-RS resource/configuration.
Proposal: To improve 12-port NZP CSI-RS resources using REs other than existing 40 CSI-RS REs is supported.
Proposal: for 16 ports CSI-RS mapping OCC=4 is used.
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ANNEX

Table 6.10.5.2-1: Mapping from CSI reference signal configuration to 
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