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1 Introduction  
In the last meeting, potential CSI-RS enhancement had been discussed and the following conclusions were agreed [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

· 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 

1. 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). 

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

1. FFS on the schemes for aggregation and port indexing

2. 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

Due to the performance of 12Tx is not known (since there is no any performance evaluation from companies for 12Tx in the SI stage) and time limitation of the WI, the design of CSI-RS for 12Tx cases can be lower priority than 16Tx. If there is remaining time after completion of 16Tx specification, we can discuss the 12Tx CSI-RS design. 
In this contribution, we focus on the discussion of CSI-RS design for 16 antenna ports. 
2 Discussion on CSI-RS resource aggregation for 16 ports 
It has been agreed that the new 16 port CSI-RS REs are obtained by aggregating NZP CSI-RS REs of multiple legacy CSI-RS configurations in the same subframe. And a CSI process is associated with K CSI-RS resources/configurations, with Nk ports for the kth CSI-RS resource (K could be >=1).The configuration details with respect to the K and Nk value should be determined. There are two alternatives regarding the configuration.
· Alt.1: CSI-RS resource/configuration with Nk: =16 to be defined in the spec (The index of CSI-RS configuration can be configured for CSI process with K=1). 

· Alt.2: 16 ports CSI-RS is an aggregation of K configured CSI-RS resources/configurations with 2/4/8 ports. (K>1)
For Alt.1, K=1 which implies that an integrated CSI-RS pattern for 16 ports should be defined. It requires the standard efforts to work out an optimal pattern design.

It seems a simpler way in Alt.2. For Alt.2, the combination of multiple configuration signalling and each one corresponds to a legacy CSI-RS resource provides the most flexibility and less specification impact. A 16 ports CSI-RS configuration can be indicated by an arbitrary combination of two out of five configurations for 8 ports CSI-RS configurations. For instance, the 16 ports CSI-RS pattern in Figure 1 can be indicated with combination of configuration 0 and configuration 2 of 8 ports CSI-RS pattern. The standard impact is that two 5 bits RRC signalling are required. Alt.2 has more signalling overhead however more flexibility and less standard efforts than Alt.1. 

Proposal 1: The Alt.2, i.e., 16 ports CSI-RS is an aggregation of K configured CSI-RS resources, is prefered for 16 ports CSI-RS design.
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Figure 1. One PRB pair based 16 ports CSI-RS pattern design
For Alt.2, one can have some restriction on all the possible combinations of the CSI-RS resources to exclude some combinations with poor performance. For instance, the design principle should guarantee the CSI-RS ports are located at as close OFDM symbols as much as possible. Otherwise, it will lead to the phase shift for two antenna groups located at OFDM symbols far away due to existence of the frequency offset .We can define 
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as the phase shift between the two OFDM symbols, then
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can be written as
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Wherein, 
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is the frequency offset and 
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is the time duration between the two OFDM symbols. If there is residual frequency offset, e.g.100Hz, then the phase shift will reach up to 
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/10 when there are 7 OFDM symbols between the two CSI-RS groups. Considering the quantization granularity of codebook is 
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/32 which is smaller than the phase shift, then the PMI may be incorrectly selected. Therefore, one restriction on the CSI-RS pattern aggregation should be the constraint on the OFDM symbols distance between two legacy CSI-RS resource to be aggregated. Given that, the aggregation case of the legacy CSI-RS resources located at the 5th and 6th  OFDM symbol and CSI-RS resource located at the 12th and 13th  OFDM symbol  should be avoided.
Proposal 2: For Alt.2, some restriction on the configurations combination should be needed.
For Alt.2, one important issue is how to determine the Nk and K. There are two options as follows 
· Option 1:Fix K=2

Fix K as 2, the 16 ports CSI-RS configuration can be aggregated with two 8 ports CSI-RS resources. If 12Tx will be specified after 16Tx, it also can be configured with an 8-ports and a 4-ports legacy CSI-RS. Since K is equals to 2 by default, it only needs to signal the configuration of each legacy resource.
· Option 2: Variable K and Nk 
In this option, it leaves the freedom for the network to configure the K and Nk. That is to say, 16 ports can be aggregated by 8 legacy CSI-RS resources and each resource is with Nk =2. Alternatively, it can also be aggregated by 4 legacy CSI-RS resources and each resource is with Nk =4.The smaller the Nk is, the more combination number can be obtained. For 16 ports, the combination number can reach up to 12590 when the Nk is 2 and K is 8.The large amount of configurations will bring heavy burden for the network to coordinate the CSI-RS between different cells e.g., muting for the CoMP scenario. Besides the coordination between different cells, it is also complicated to coordinate the new CSI-RS configuration and the legacy CSI-RS configuration to avoid the overlapping. Namely, we do not see any benefit by configuring the variable K and Nk, but the complexity will increase significantly. 
16 ports CSI-RS is aggregated of K=2 legacy CSI-RS resources can bring the flexibility at a certain degree without introducing severe complexity. And it can also save the standard efforts comparing with other schemes. Therefore, we propose 

Proposal 3: 16 ports CSI-RS should be aggregated of K=2 legacy CSI-RS resources with some restriction on the combination.
3  Discussion on power efficiency issue for CSI-RS ports

In the aforementioned section, we focus on the discussion on the number of legacy CSI-RS resources to be aggregated for 16 ports. But the aggregation manner between the multiple legacy CSI-RS resources can be either TDMed (time division multiplexing) or FDMed (frequency division multiplexing). 
To fully utilize the total power, all the CSI-RS ports should be transmitted simultaneously. Namely, all the CSI-RS ports should be FDMed. 
As shown in Figure 1, the 16 ports CSI-RS marked with green colour, all the CSI-RS ports all located at the same OFDM symbol pair. For each CSI-RS port, in theory maximum 9dB power boosting can be achieved as there are seven muted subcarriers for other ports transmission and the power of the seven sub-carries can be boosted to the transmitted CSI-RS port. Given this, for port 0, the 1st subcarrier that occupied by port 0 has P/2, and it is equivalent to a 9dB power boosting comparing with the subcarrier that occupied by data.  However, due to the limitation from RAN4, only 6dB power boosting can be obtained in practice. Then if we sum up all the power from all the CSI-RS ports and get the total power, it can be observed that only P/2 is obtained for the subcarrier that occupied by CSI-RS comparing with P in theory.
Some companie [1] propose to use OCC4 instead of OCC2 to alleviate the power inefficiency problem. However, in the contribution [2], it shows the OCC 4 only has 0.06% cell average gain and 4.36% cell edge gain over OCC2. This implies the power inefficiency issue has very marginal impact on the system performance. As the power of CSI-RS increases, the interference will also increase. In the interference limited system, increasing the CSI-RS transmit power will not bring obvious benefit. 
On the other hand, OCC4 demonstrate its potential benefit on the power utilization only when all the CSI-RS ports are FDMed and CDMed as the CSI-RS pattern marked with green colour in Figure 1. According to the agreement of only existing 40 CSI-RS REs per PRB pair are reused for 12- and 16-port NZP CSI-RS resources, it can only find one 16 ports CSI-RS pattern that are FDMed and CDMed. Consequently, it has on freedom to coordinate the CSI-RS between all the cells if the reuse fact becomes to one.

Furthermore, if OCC4 is introduced, the CSI-RS ports definition will be totally redefined and the legacy design cannot be reused as much as possible. It will lead to significant standard efforts.
Therefore, we propose to reuse the legacy OCC 2 and the CSI-RS port definition for the CSI-RS resource for 16 ports.
Proposal 4: Reusing the legacy OCC 2 and the CSI-RS port definition for the CSI-RS resource for 12 and 16 ports.

4 Conclusions
In the section, we give our analysis on 12 and 16 ports CSI-RS enhancements scheme. And we proposed that: 

Proposal 1: The Alt.2, i.e., 16 ports CSI-RS is an aggregation of K configured CSI-RS resources, is prefered for 16 ports CSI-RS design.
Proposal 2: For Alt.2, some restriction on the configurations combination should be needed.
Proposal 3: 16 ports CSI-RS should be aggregated of K=2 legacy CSI-RS resources with some restriction on the combination.
Proposal 4: Reusing the legacy OCC 2 and the CSI-RS port definition for the CSI-RS resource for 16 ports.
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