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1. Introduction

In RAN1#82bis meeting, following agreements are made regarding CSI-RS configuration for Class A reporting:
	Agreements:
· 12 and 16 Port CSI-RS construction for CDM-2

· For 16 port construction:

· Working assumption (N,K) = (8,2), (2,8)

· For 12 port construction:

· Working assumption (N,K) = (4,3), (2,6)
· CSI-RS RE mapping details for CDM-2

· The ports of the aggregated resource correspond to the ports of component resources according to the following:

· The aggregated port numbers are 15, 16, … 30 (for 16 CSI-RS ports)

· The aggregated port numbers are 15, 16, … 26 (for 12 CSI-RS ports)

· FFS: The aggregated port number is given by n=(k-1)*N+p, p = 15,…,14+N,   
· k (= 1,…,K) correspond to the k-th CSI-RS configuration.
· Working assumption CSI-RS RE mapping details for CDM-4

· Full-port CSI-RS can be mapped in each OFDM symbol used for CSI-RS mapping.

· CDM RE set construction 

· Alt 1: time domain only (4 OFDM symbols)

· Alt 2: time and frequency domain (2 subcarriers x 2 OFDM symbols)

· Down-selection or merging of the two alternatives FFS


In this contribution, we discuss the remaining details on new CSI-RS configuration for Class A reporting to support EB/FD-MIMO. 

2. Discussion on remaining details for CDM-2
As agreed in the last meeting, 12 and 16 port CSI-RS for CDM-2 can be constructed by aggregation of legacy resource configuration in [1]. For given K CSI-RS resources, N ∈ {2, 4, 8} is used for the construction of 12 and 16 port CSI-RS for CDM-2. As a working assumption, we have following two candidates for each 12 and 16 port as:
· For 16 port construction: (N,K) = (8,2), (2,8)
· For 12 port construction: (N,K) = (4,3), (2,6)
Although the smaller value of N may provide more flexibility in aggregation, the larger value of N is much simple in the implementation perspective at both UE and eNB sides. Therefore, (N,K) = (8,2) for 16 port and (N,K) = (4,3) for 12 port are preferred, if down selection in RAN1 #83 is needed.
Regarding on CSI-RS RE mapping for 12 and 16 port with CDM-2, the aggregated port numbering is straightforwardly given by n=(k-1)*N+p, where p = 15,…,14+N and  k (= 1,…,K) corresponds to the k-th CSI-RS configuration. This port numbering method may not be applied for the case of CDM-4 due to no legacy port configurations for CDM-4. Details for CDM-4 are introduced in the following section. 
 Proposal 1: For CDM-2, the aggregated 12- and 16-port numbers are given by n=(k-1)*N+p, where p = 15,…,14+N and k (= 1,…,K) corresponds to the k-th CSI-RS configuration. 

3. Discussion on details for CDM-4

CDM-4 based CSI-RS design is a good candidate to boost up CSI-RS transmitting power in an aid of the extended CDM length, as long as CSI-RS measurement accuracy is not severely deteriorated. Therefore, CDMed REs should not be too separated in time and/or frequency domain. In the similar context, the complex-valued symbol for SFBC can be mapped to resource elements (k,l), (k+n,l) in the same OFDM symbol with n<3 [1] in order to prevent severe performance degradation. Also, even for the CDM-2 case, it is observed from our previous contribution [2] that maximum time difference between any ports within the same CSI-RS resource shall not be larger than 0.28ms to alleviate the impact of phase drift. This means that the aggregation between REs in OFDM symbol {5, 6} and {12, 13} shall not be allowed. Considering these design principles, CDM-4 should be performed among REs with m<6 and n<3 where m and n represent time and frequency difference between REs located in (k,l) and (k+n,l+m), respectively.

Proposal 2: If CDM-4 is allowed for Class A CSI reporting, maximum time and frequency difference among aggregated REs shall be m<6 and n<3, respectively.
In the last meeting, following two alternatives on CDM-4 based CSI-RS design are made as a working assumption.  

· Alt 1: time domain only (4 OFDM symbols)

· Alt 2: time and frequency domain (2 subcarriers x 2 OFDM symbols)

Since CDM-4 is not considered in legacy CSI-RS configuration, the new 4-port CSI-RS configuration is needed for CDM-4 whether two alternatives are down selected or merged in RAN1#83. Then, 12- and 16-port CSI-RS with CDM-4 are obtained by aggregating the newly defined 4-port CSI-RSs.  
First, let us consider 4-port resource pools for an aggregation of each alternative. Based on the proposal 2, we propose following resource pool for Alt. 1. As shown in the Figure 1, total 16 4-port CSI-RS configurations are represented. 
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Figure 1. Resource pool of new 4-port CSI-RS for alternative 1.
Similarly, Figure 2 plots the total 11 4-port CSI-RS configurations for Alt 2. Note that the 4-port CSI-RS configuration 10 in the plot is introduced to provide more flexibility, especially for 12-port CSI-RS. Although each alternative has flexibility of an aggregation with proposed 4-port resource pools, the cell reuse factor of each alternative is limited by 2 under the full power transmission for both 12- and 16-port CSI-RS. Therefore, in order to increase the cell reuse factor and network flexibility, a merging of two alternatives is a good feature for CDM-4 based CSI-RS design. One simple example of cell reuse factor of 3 for 12-port with full power transmission is shown in Figure 3. The total number of configuration for the proposed 4-port CSI-RS becomes 27 which may be a sufficient configuration number for CDM-4. 
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Figure 2. Resource pool of new 4-port CSI-RS for alternative 2.
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Figure 3. Example of 12-port CSI-RS configurations

Proposal 3. If CDM-4 is allowed for Class A CSI reporting, we prefer merging of two alternatives.
The Table 1 lists the quantity 
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 for proposed 4-port CSI-RS with CDM-4 where 
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indicates the slot number. In the table, a type corresponds to the specific 4-port CSI-RS designs depicted in the Figure 1 and 2. For instance, Type 1 corresponds to CSI-RS designs with green in Figure 1. Regarding port numbering, we can reuse proposal 1 as n=4(k-1) +p, where p = 15,…,18 and k (= 1,…,K). 
Table 1. Mapping from CSI reference signal configuration to 
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The mapping formula for each type is as follows:
Type 0: 
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Type 4: 
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Proposal 4. Consider the aggregation of 4-port CSI-RS configurations listed in Table 1 for 12- and 16-port CSI-RS design with CDM-4.  
4. Conclusion
In this contribution, we discussed remaining details for 12 and 16 port non-precoded CSI-RS design for supporting EBF/FD-MIMO. The proposals based on the discussion are given below:
Proposal 1: For CDM-2, the aggregated 12- and 16-port numbers are given by n=(k-1)*N+p, where p = 15,…,14+N and k (= 1,…,K) corresponds to the k-th CSI-RS configuration. 

Proposal 2: If CDM-4 is allowed for Class A CSI reporting, maximum time and frequency difference among aggregated REs shall be m<6 and n<3, respectively.
Proposal 3. If CDM-4 is allowed for Class A CSI reporting, we prefer merging of two alternatives.
Proposal 4. Consider the aggregation of 4-port CSI-RS configurations listed in Table 1 for 12- and 16-port CSI-RS design with CDM-4.  
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