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Introduction
In RAN1 #82bis, CSI-RS design for 12 and 16 ports for class A CSI reporting was discussed and as an outcome, it was agreed to introduce the aggregation of CSI-RS resources and configurability between CDM-2 and CDM-4. The following is the list of agreements [1]:
	Working assumptions:
· For 12 or 16 ports, a CSI-RS resource for class A CSI reporting is composed as an aggregation of K CSI-RS configurations.
· ∑k Nk ∈ {12,16}
· Either CDM-2 or CDM-4 per CSI-RS resource can be configured for a UE
· No need to send LS to RAN4 to change 6 dB power boosting assumption for CSI-RS transmission
· RRC configuration parameters include:
· A list of K CSI-RS resource configurations;
· In case of CDM-2, the CSI-RS resource configurations indicate CSI-RS RE locations according to legacy resource configurations in 36.211
· Nk ∈ {2, 4, 8}, and the same Nk = N used for all k
· One or more values from {2, 4, 8} can be down-selected
· FFS: In case of CDM-4, the CSI-RS resource configurations indicate CSI-RS RE locations:
· A single set of subordinate parameters that will commonly apply to all resources within Rel-13 CSI-RS resource
· number of antenna ports (N), 
· subframe config., 
· scrambling ID, 
· QCL info.
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 of CSI-RS configurations for 12 and 16 ports NZP CSI-RS focusing on the above FFS points and working assumptions.

Discussion

CDM-2, 16 ports
For CDM-2, the current working assumption is that (N,K)=(8,2) or (2,8) for 16 ports CSI-RS. In this section, we discuss and compare these two alternatives. Firstly, the N=8 based aggregation provides compact RRC signaling and simple implementation complexity with moderate resource configuration flexibility. Since we have five 8 ports candidate CSI-RS resources, there are 10 difference resource combinations. 6dB power boosting is always guaranteed.
On the other hand, the main benefit of the port-pair based aggregation for CDM-2 is its larger configuration flexibility. However, the actual flexibility with this scheme seems not clear from several aspects. First, to guarantee up to 6dB power boosting, we have a constraint that each OFDM symbol should at least have 8 ports when CDM-2 is applied. For example, while the RE construction in Figure 1(c) guarantees full power utilization, in Figure 1(b), only 3dB power boost is allowed since the 4 ports in OFDM symbol 5, 6 in the first slot are the bottleneck and the remaining 12 ports should back off their transmit power.


[bookmark: _Ref434495981]Figure 1. Examples of 16-ports CSI-RS configuration with CDM-2
Secondly, the port-pair allocation should consider the ZP CSI-RS configuration of the neighbor cells and the legacy UEs. If not, the usable PDSCH region for UEs not configured with the NZP CSI-RS may shrink. For example, in Figure 1(b), for UEs not knowing this CSI-RS configuration, 32 REs should be configured as ZP CSI-RS for rate matching around the 16 CSI-RS REs, which is highly inefficient. Lastly, using N=2, the nested structure with the legacy 4 ports and 8 ports does not generally hold, which limits the possibility of CSI-RS RE sharing between FD-MIMO UEs and legacy UEs.
Considering the RRC overhead, (N,K)=(8,2) based aggregation requires 10 bits for RRC signaling if a list of CSI-RS configuration is used, and 5 bits if a bitmap is used. Meanwhile, (N,K)=(2,8) enforces 4 times larger RRC overhead, i.e. 40 bits with a CSI-RS configuration list and 20 bits with a bitmap.
According to the aspects listed above, 8 ports CSI-RS resource is preferred to be used as a component CSI-RS resource for 16 ports construction with CDM-2.
Observation 1: For 16 ports CSI-RS construction with CDM-2, the benefit of (N,K)=(2,8) over (N,K)=(8,2) is unclear.

CDM-2, 12 ports
In this case, one advantage of the port pair based aggregation is that 12 ports can be divided into two groups, each with 6 ports, in the time domain as shown in Figure 2(b). Hence, up to 4.7dB power boost is applicable even though all the 12 ports are not placed in the same OFDM symbols. In contrast, for (N,K)=(4,3), only 3dB boost is allowed in this case.


[bookmark: _Ref434518645]Figure 2. Examples of 12-ports CSI-RS configuration with CDM-2
On the other side, if 6dB power boost is to be fully appreciated, all the 12 ports should be placed in the same OFDM symbols (OFDM symbol 2, 3 in the second slot) for both (N,K)=(4,3) and (N,K)=(2,6). Under this condition, two different 12 ports CSI-RS resources with the 6dB boost can be configured in a subframe as in Figure 2(c), and N=4 scheme is sufficient to support this. In our view, larger CSI-RS coverage is more important than having one more, i.e. three, 12 ports CSI-RS resource with some CSI-RS coverage degradation. Also, the above mentioned configuration restrictions and larger RRC overhead in the port-pair based aggregation also apply for the 12 ports case. Therefore, we think that (N,K)=(4,3) is more appropriate for the 12 ports with CDM-2.
Observation 2: For 12 ports CSI-RS construction with CDM-2, (N,K)=(4,3) is more beneficial than (N,K)=(2,6).
Proposal 1: For CDM-2, confirm the working assumption at least for (N,K)=(8,2) for 16 ports and (N,K)=(4,3) for 12 ports.

CDM-4, 16 ports
In the last meeting, several options for resource aggregation and CDM-4 grouping were discussed in offline. Among them, we consider the following two schemes for the 16 ports case.
· Alt. 1a: (N,K)=(8,2), CDM-4 applies on {2n-1, 2n} across two component resources, n=8, 9, 10, 11.
· Alt. 1b: (N,K)=(2,8), CDM-4 applies on {15, 16} across two component resources.
Figure 3 illustrates two examples of Alt. 1a. One is CDM-4 over the time domain and the other is CDM-4 over both the time and the frequency domain. In any case, full-port CSI-RS can be mapped in each OFDM symbol. Thus, full power utilization is guaranteed. We think that this scheme is simple, and is sufficient to satisfy the main motivation of CDM-4, i.e. power efficiency, and to guarantee moderate resource aggregation flexibility. Also, the RRC overhead can be minimal.

        
[bookmark: _Ref434664075]Figure 3. Alt. 1a examples
Nevertheless, if Alt. 1b is considered, careful port-pair allocation and CDM grouping are needed not to lose the CSI-RS coverage. Assuming that the indices of the configured port-pairs increase first in the frequency domain and then in the time domain, two different CDM grouping rules may be needed: one is to group port-pairs {0,4}, {1,5}, {2,6}, {3,7}, and the other is to group port pairs {0,1}, {2,3}, {4,5}, {6,7}. The former is useful to CDM-T as shown in Figure 4(a) and the latter is useful to CDM-2D as shown in Figure 4(b). One bit indicator can be used to inform one of these pairing rules to UE. Alternatively, the indices of the aggregated port pairs can be assumed to be increased first in the time domain and then in the frequency domain. In this case, a single CDM port-pair grouping rule {0,1}, {2,3}, {4,5}, {6,7} may be well suited to both CDM-T and CDM-2D cases. One benefit of (N,K)=(2,8) is that CDM-4 can be applied to 4 adjacent REs, e.g. Figure 4(b), however, it seems that the pattern like in Figure 3(b) would provide comparable performance.

        
[bookmark: _Ref434666789]Figure 4. Alt. 1b examples

CDM-4, 12 ports
For this case, we consider the following three alternatives.
· Alt. 2a: (N,K)=(8,2), CDM-4 applies on {2n-1, 2n} across two component resources, n=8, 9, 10.
· Alt. 2b: (N,K)=(2,6), CDM-4 applies on {15, 16} across two component resources.
· Alt. 2c: (N,K)=(4,3), CDM-4 applies on {15, 16, 17, 18} within each component resource.
Alt. 2a is similar to Alt. 1a, and Alt. 2b is identical to Alt. 1b. For the resource configuration, Alt. 2a requires 16 REs whereas the others require 12 REs. However, in Alt. 2a, the number of REs actually occupied by the CSI-RS is 12, and the remaining 4 REs can be used as data transmission for the UEs configured with the CSI-RS configuration based on this scheme. In terms of ZP CSI-RS configuration of other UEs, Alt. 2b is not resource efficient than Alt. 2a. Also, Alt. 2c is not preferred since its CDM performance would be bad for frequency selective channels and full power utilization is guaranteed only when all ports are allocated in the same OFDM symbol pair.
In conclusion, when CDM-4 is configured, our preference is Alt. 1a for 16 ports and Alt. 2a for 12 ports.
For the port numbering after the aggregation, either {2n+15, 2n+16, 2n+23, 2n+24} or {4n+15, 4n+16, 4n+17, 4n+18} for CDM group n (n=0, 1, 2, 3) can be applied for the 16 ports. Similarly, for the 12 ports, either {2n+15, 2n+16, 2n+21, 2n+22} or {4n+15, 4n+16, 4n+17, 4n+18} for CDM group n (n=0, 1, 2) can be applied.
Proposal 2: For CDM-4, adopt Alt. 1a, i.e. (N,K)=(8,2), for 16 ports and Alt. 2a, i.e. (N,K)=(8,2), for 12 ports CSI-RS construction.

Conclusion
In this contribution, we have discussed the remaining issues for CSI-RS configuration of 12 and 16 ports. We suggest the following proposals:
Observation 1: For 16 ports CSI-RS construction with CDM-2, the benefit of (N,K)=(2,8) over (N,K)=(8,2) is unclear.
Observation 2: For 12 ports CSI-RS construction with CDM-2, (N,K)=(4,3) is more beneficial than (N,K)=(2,6).
Proposal 1: For CDM-2, confirm the working assumption at least for (N,K)=(8,2) for 16 ports and (N,K)=(4,3) for 12 ports.
Proposal 2: For CDM-4, adopt Alt. 1a, i.e. (N,K)=(8,2), for 16 ports and Alt. 2a, i.e. (N,K)=(8,2), for 12 ports CSI-RS construction.
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