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1 Introduction
In 3GPP RAN1#84bis, the following were agreed for non-precoded CSI-RS enhancements for supporting up to 32 antenna ports for eFD-MIMO [1]:

Agreements: 

· For {20, 24, 28, 32} ports, a CSI-RS resource for class A CSI reporting is composed as an aggregation of K CSI-RS configurations [i.e. RE patterns].

· The number of REs in the kth configuration Nk ∈ {4, 8}

· The same Nk = N can be used for all k 

· FFS whether the same Nk = N for all k is the only permitted configuration 

· FFS whether the set of values of Nk might be further restricted for some numbers of CSI-RS ports

· FFS whether a different set of Nk might apply in case of CDM4

· FFS on including Nk=2.

· Aim to enable the support of CSI-RS port sharing with Rel-13 and Rel-12 UEs 

· The per-port CSI-RS density is FFS based on one or more of the following alternatives:

· FDM

· TDM

· Partial port

· Partial overlapping, e.g. for 32 ports, ports 15-38 in PRB#1, ports 23-46 in PRB#2

· Aperiodic CSI-RS with partial bandwidth

· Measurement restriction in frequency domain

· CDM, e.g. 2 x Nk ports transmitted in a single Nk resource 

· Other schemes 

· Note that the following are not precluded:

· per-port CSI-RS density per PRB = 1
· different per-port CSI-RS densities for different CSI-RS ports is not precluded
In this contribution, we discuss the non-precoded {20, 24, 28, 32} ports NZP CSI-RS design for class A eFD-MIMO.
2 Discussion on CSI-RS resource configuration
In Rel-13, a 12 or 16-ports CSI-RS resource is composed as an aggregation of K Rel-12 CSI-RS resource configurations of the same antenna ports as shown in Table 1 below. The benefit is to reduce the specification effort to define a new CSI-RS pattern, and provide a flexibility for eNB to configure the REs for CSI-RS transmission.
Table 1: 12 and 16-ports CSI-RS resource configurations
	Total number of 
CSI-RS ports
	Number of antenna ports per resources (N)
	Number of CSI-RS resources (K)

	12
	4
	3

	16
	8
	2


For {20, 24, 28, 32} CSI-RS ports, the same resource aggregation approach can be adopted. As a result, a Rel-14 CSI-RS resource is composed as an aggregation of multiple 4-ports or 8-ports CSI-RS configurations. An example of aggregation of CSI-RS resources with same Nk=4/8 for {20, 24, 28, 32} ports is shown in Table 2 below. It can be seen that two aggregation configurations are available for 24 and 32 ports dependent on Nk = 4 or 8.
Table 2: Example of Aggregation of CSI-RS resources for {20, 24, 28, 32} ports
	Total number of 
CSI-RS ports
	Number of antenna ports per resources (Nk)
	Number of CSI-RS resources (K)

	0
	4
	5

	24
	8 (4)
	3 (6)

	28
	4
	7

	32
	8 (4)
	4 (8)


However, one potential issue with the aggregation with same Nk is backwards compatibility. Typically, for a cell configured with 32 antenna ports, not all the UEs can support up to 32 CSI-RS ports. The legacy Rel-13 and Rel-12 UEs can support at most 16 and 8 antenna ports for NZP CSI-RS resource, respectively. Therefore, to support different types of UEs in the cell, the network needs to assign different NZP CSI-RS resources for channel measurement. It is desirable to allow CSI-RS port sharing among different NZP CSI-RS resources to reduce the overall CSI-RS overhead. For example, the NZP CSI-RS resources for the legacy Rel-13 and Rel-12 UEs are mapped to a subset of antenna ports of the Rel-14 NZP CSI-RS resource. 

For a 20-ports CSI-RS which is aggregated by five legacy 4-ports resource aggregation as defined in Table 2, the port sharing with a Rel-13 16-ports NZP CSI-RS resource is not supported. Figure 1 shows one example for port sharing between a Rel-14 20-ports CSI-RS resource and a Rel-13 16-ports CSI-RS resource. Here we assume that OCC-4 is used for both 16- and 20-ports CSI-RS resource and the Rel-13 port indexing is reused for Rel-14 20-ports CSI-RS resource. In addition, the 8-port CSI-RS configuration for Rel-13 16-ports CSI-RS resource is assumed to be overlapped with the two 4-ports CSI-RS configurations for Rel-14 20-ports CSI-RS resource. As seen from Figure 1, the CSI-RS ports mapped to the 16-ports CSI-RS resource don’t have a uniform 2D structure. For example, port 15-18 and port 31-34 are on the same row, but port 19-22 and port 27-30 are not on the same row. This may degrade performance when using the KP structure based W1 codebook for 16-ports CSI-RS. The same analysis can be carried out for other Rel-14 CSI-RS port layouts such as 28.
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Figure 1. Example of CSI-RS port sharing using legacy port indexing for the 20-ports CSI-RS
It is possible to apply a different port indexing for Rel-14 20-ports CSI-RS resource to enable the port sharing with a legacy CSI-RS resource. For example, the port indexing for Rel-14 20-ports CSI-RS resource is according to Figure 2 below. In such case, the CSI-RS ports 15-18 and 20-23 are mapped to the first 8-port CSI-RS configuration and ports 25-28 and 30-33 are mapped to the second 8-ports CSI-RS configuration of the Rel-13 16-ports CSI-RS resource. Therefore, the ports mapped to the 16-ports CSI-RS resource have a 2D layout structure with the possibility to reuse Rel-13 codebook. 
However, the port indexing shown in Figure 2 is not scalable for supporting different number of CSI-RS ports such as 28-ports CSI-RS resource. It is noted also that in Figure 2 the OCC-4 for the 20-ports CSI-RS is applied across two 4-ports CSI-RS resources, which is different from the legacy Rel-13 OCC-4 mapping. All of these will make the specification quite complicated for Rel-14 NZP CSI-RS resource for supporting port sharing with legacy UE. 
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Figure 2. Example of CSI-RS port sharing using new port indexing for the 20-ports CSI-RS
A simple solution for allowing CSI-RS port sharing with legacy Rel-13 and Rel-12 UEs is to enable CSI-RS resource aggregation for {20, 24, 28, 32} ports based on different Nk. As for the above example, the 20-ports CSI-RS resource can be composted as an aggregation of a 16-ports CSI-RS configuration and a 4-ports CSI-RS configuration as illustrated in Figure 3 below. For this proposal, the port sharing with the legacy 16-ports CSI-RS resource is straightforward. The Rel-13 CSI-RS port indexing for OCC-2 and OCC-4 can also be reused for Rel-14 NZP CSI-RS resource as much as possible.
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Figure 3. Example of the 20-ports CSI-RS resource aggregation based on different Nk
Proposal 1: A CSI-RS resource of {20, 24, 28, 32} ports is composed as an aggregation of multiple Rel-12 and Rel-13 CSI-RS configurations with Nk ∈ {4, 8, 12, 16}. 

For Rel-13 NZP CSI-RS resource with 12 and 16 ports, the OCC length is configurable between 2 and 4. The OCC length 4 is targeted for full power utilization to improve the CSI-RS coverage, and the OCC length 2 is used for supporting backwards compatibility. The use of OCC length 2 and 4 shall be maintained for Rel-14 NZP CSI-RS resource. However, it is noted that full power utilization is not achieved for {20, 24, 28, 32} CSI-RS ports even with OCC-4. For example, there is a 3dB coverage loss for 32 ports compared to 16-ports CSI-RS. Therefore, for 24 and 32-ports CSI-RS which can be composted of multiple 8-ports CSI-RS configurations, it shall be determined whether to use OCC length 8 to achieve full power utilization.

Proposal 2: It should be determined whether the OCC length 8 is needed for 24 and 32 ports CSI-RS to achieve full power utilization. 

3 Discussion on CSI-RS density
Currently the CSI-RS density is 1 RE/RB/port. There are up to 40 REs in one RB available for CSI-RS. Therefore it shall be possible to map all the CSI-RS ports of a Rel-14 NZP CSI-RS resource in one subframe by maintaining the same per-port density. Reducing the CSI-RS density, especially in the frequency domain was proposed as one mechanism to reduce the CSI-RS overhead. However, as discussed in some contributions the throughput gain achieved by a reduced CSI-RS density appears to be small. Detailed analysis can be found in Table 3 below, where we assume 2 CRS ports, 3 PDCCH OFDM symbols, PSS/SSS, PBCH and 2 DMRS ports for the overhead calculation. As seen from the table, a reduced density of 32-ports CSI-RS with 0.5 RE/RB/port only achieves a marginal improvement of about 3% on data throughput for 5ms CSI-RS periodicity. 
Table 3: Throughput gain of the reduced CSI-RS density for 32-ports CSI-RS
	Number of CSI-RS ports
	0.5 RE/RB/port
	0.75 RE/RB/port

	5ms CSI-RS periodicity
	3.18%
	1.59%

	10ms CSI-RS periodicity
	1.54%
	0.77%


On the other hand, most of the proposals for reducing the CSI-RS density cannot support the backward compatibility. If a reduced density of 0.5 RE/RB/port is used for Rel-14 NZP CSI-RS resource, the CSI-RS port sharing cannot be supported for Rel-13 and Rel-12 UEs. It means the overall network CSI-RS overhead is not reduced due to additional overhead for Rel-13 or Rel-12 NZP CSI-RS resources. The reduction of the CSI-RS density in the frequency domain will also degrade CSI-RS channel estimation accuracy, especially for cell edge UEs. The existing CSI-RS density of 1 RE/RB/port shall be maintained in order to support reliable channel measurement for rich scattering environment and DL CoMP Scenario 4 for which the channel delay spread can be large since CSI-RS is transmitted from multiple distributed RRHs with same cell ID.
System level evaluations results for different CSI-RS density are provided in Table 4 for the case of 32 CSI-RS ports. Non-full buffer traffic model with 50% loading is applied in the simulation. It can be seen that the simulation results are well aligned with the above analysis. The reduced CSI-RS density has less than 1.5% performance gain on 50% UPT but 2-3% degradation on 5% UPT.
Table 4: Non-full buffer simulation results with different CSI-RS density
	32TxRU, (M,N,P)=(8,8,2), Config2
	5%-tile (Mbps)
	50%-tile (Mbps)
	Mean (Mbps)

	3D UMi-200m
	1 RE/RB/port
	10.64
	27.21
	31.53

	
	0.5 RE/RB/port
	10.38       (-2.42%)
	27.54 (1.22%)
	31.63 (0.30%)

	3D UMa-200m
	1 RE/RB/port
	10.0
	25.64
	30.23

	
	0.5 RE/RB/port
	9.82         (-1.76%)
	25.89 (0.97%)
	30.55 (1.07%)


Given the performance loss and limited benefits on CSI-RS overhead reduction, the proposal to reduce the CSI-RS port density is not acceptable. Therefore, we propose to keep the existing CSI-RS density of 1 RE/RB/port for Rel-14 NZP CSI-RS resource.

Proposal 3: CSI-RS density of 1RE/RB/port is maintained for Rel-14 NZP CSI-RS design.

4 Conclusions
In summary, we discuss the non-precoded CSI-RS design aspects for {20, 24, 28, 32} ports CSI-RS including resource configuration and CSI-RS port density. We make the following proposals: 
Proposal 1: A CSI-RS resource of {20, 24, 28, 32} ports is composed as an aggregation of multiple Rel-12 and Rel-13 CSI-RS configurations with Nk ∈ {4, 8, 12, 16}. 

Proposal 2: It should be determined whether the OCC length 8 is needed for 24 and 32 ports CSI-RS to achieve full power utilization.

Proposal 3: CSI-RS density of 1RE/RB/port is maintained for Rel-14 NZP CSI-RS design.
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