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Introduction
In 3GPP RAN1#86bis, a set of agreements were achieved for non-precoded CSI-RS design for up to 32 antenna ports, including resource aggregations for {20, 28} ports, the comb-like CSI-RS transmission for overhead reduction and  CDM-4 pattern for {20, 24, 28, 32} ports [1]. The agreements on CDM-8 pattern for {24, 32} ports was listed below.
Agreements:
· For 20-, 24-, 28-, and 32-port CSI-RS, when CDM-4 OCC applies in the CDM group comprising 4 REs within k-th CSI-RS configuration, according to the table below. 
· For Nk=4, 4REs mapping to legacy 4-port CSI-RS comprises a CDM group.
· For Nk=8, 8 REs mapping to legacy 8-port CSI-RS are partitioned into two groups of 4 REs, and each group of 4 REs located adjacently comprises a CDM group
· FFS on additional CDM-4 pattern(s) at least for 28- and 32-port to support full power utilization within a single PRB.
· CDM-8 design for {24, 32} ports:
· At least for 32-port CSI-RS, at least one CDM-8 pattern exists which uses REs from more than 2 OFDM symbols
· FFS until RAN1#87:
· which CDM-8 patterns are useful, and downselection between:
· Alt 1: CDM-8 patterns are configured by aggregation of CDM-2/4 patterns
· Alt 2: CDM-8 patterns are defined in the specifications without explicit aggregation
· Overhead reduction for CDM-8 is FFS
· Note: CDM-8 can be supported in both normal and special subframes

In this contribution, we further discuss the remaining issues on the non-precoded {20, 24, 28, 32} ports NZP CSI-RS design.
Discussion
Port indexing for CDM-4
In Rel-13, when CDM-4 is used for 12- and 16-ports CSI-RS, the port indexing is based on sequential mapping of CSI-RS port to each component configuration as shown by the following equation. 
[image: ]
It is preferable that the same port indexing is reused for {20, 24, 28, 32} ports to reduce the specification efforts. However, it is observed that the sequential port mapping may not support port sharing with legacy CSI-RS ports for some port layout configurations. As one example, 20-ports with (N1, N2)=(2, 5), the port mapping to each component configuration is shown in Figure 1 according to the legacy sequential mapping approach. It can be seen that the in order to share the ports with the Rel-13 12-ports CSI-RS, the antenna ports on configuration #1, #2 and #3 can be configured as three 4-port component configuration for 12-ports. However, it can be seen that the ports on each polarizations of the 16-ports do not have a uniform 1D or 2D structure. Therefore, the three 4-ports component configurations cannot be used by Rel-13 12-ports CSI-RS. 
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Figure 1. Sequential mapping of the 20- and 28-ports CSI-RS with CDM-4
It can be seen that the above issue is only observed for 2D port layout configurations where N2 is not 2 or 4. For other port layout configuration, the port numbering in Rel-13 can be reused. Table 2 below shows the port layout configurations that need new port indexing approaching for CDM-4. 
Table 2: Port layout with different port indexing for CDM-4
	# CSI-RS ports
	Port layout using Rel-13 port numbering
	Port layout using new port indexing

	20
	(10,1), (5,2)
	(2,5)

	24
	(12,1), (6,2), (3,4)
	(2,6), (4,3)

	28
	(14,1), (7,2)
	(2,7)

	32
	(16,1), (8,2), (4,4)
	(2,8)



Therefore, we propose a two-step port indexing approach for port layout with N1<N2. In the first step, the ports on the same polarization is permuted using the parameters N1 and N2. Then the permuted ports are mapped to each component configuration using the Rel-13 sequential port indexing approaching. The permutation will change the port layout in each polarization from (N1, N2) to (N2, N1). For ports in the first polarization, e.g., , the permutation function can be defined by  where ; and for ports on the second polarization, e.g.,   the same permutation function is reused except that . An example of the port mapping for 20-ports CSI-RS with the two-step indexing is shown in Figure 2. It can be seen that the 6-ports of each polarization of three component configuration #1, #2 and #3 have a uniform structure 2D structure thus can be reused by a Rel-13 12-ports CSI-RS. 
Generally, the CDM-4 port indexing can be written by one equation  where  is port number within the -th component CSI-RS configuration and  is a function, e.g.,  if port permutation is not configured or  where  for ports in first polarization and  for ports in the second polarization.  
Proposal 1: For CDM-4 for {20, 24, 28, 32} ports, the port indexing is determined by 
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Figure 2. Two-step port mapping for the 20-ports CSI-RS with CDM-4
CDM-8 design for {24, 32} ports 
In last RAN1 meeting, a CDM-8 approach was proposed where a CDM-8 group is constructed by aggregating multiple CDM-x groups where x = 2 or 4. It is noted that there is no restriction on CDM-x groups which can be in the same CSI-RS configuration or across multiple CSI-RS configurations. One drawback of this design approach is different channel estimation performance for each CDM-8 group associated with {20, 24, 28, 32} CSI-RS resource. For example, as shown in Figure 3, the three CDM-8 group for 24-ports use the REs labelled with A-C each corresponding to one CDM-8 group. It can be seen that the first CDM-8 with label A has the worst performance due to the 8 REs are widely distributed in the frequency domain. 
[image: ]
Figure 3. CDM-8 design based on multiple CDM-2 groups
It shall be noted also that the CDM-8 groups in the above example cannot achieve full power utilization. For example, for the CDM-8 group with label A, each port is spread to 8 REs on symbol 5 and 6, there is no CSI-RS power boosting unless some REs on symbol 5 and 6 are muted for PDSCH transmission. Similarly, for the CDM-8 group of label B and C on symbol 9 and 10, only 3dB power boosting can be supported for CSI-RS. 
[bookmark: _GoBack]To achieve full power utilization, the CDM-8 groups can be attained by aggregating multiple CDM-x groups in different legacy 8-port CSI-RS resource configurations, where x=4 for 24-ports CSI-RS and x=2 for 32-ports. Examples for CDM-8 design for 32-ports are shown in Figure 4 for different 8-ports CSI-RS resource configuration aggregation. In the example, the CDM-8 OCC is applied to 8 REs across either 4 symbols or 6 symbols. The performance loss due to channel variation over OFDM symbols can be minimized. Figure 5 illustrates the CDM-8 RE set construction for 24-ports CSI-RS by aggregating the CDM-4 groups in two different 8-ports CSI-RS resource configurations. Different labels indicates different CDM-8 groups where legacy 8-ports configuration #1, #2 and #3 are configured for 24-ports CSI-RS.
Proposal 2: CDM-8 groups can be constructed by aggregating multiple CDM-x groups in different legacy 8-port CSI-RS resource configurations, where x=4 for 24-ports CSI-RS and x=2 for 32-ports. 
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Figure 4. CDM-8 RE set construction aggregated by multiple CDM-2 groups in different configurations for 32-ports
[image: ]
Figure 5. CDM-8 RE set construction aggregated by multiple CDM-4 groups in different configurations for 24-ports
Overhead reduction and CSI-RS port density
It was agreed in last RAN1 meeting that the comb-like transmission can be configured for NZP CSI-RS of more than 16-ports to reduce the overhead. The WA on using the same port density for all the CSI-RS configurations in a CSI-RS resource was agreed. There are concerns on using different density per CSI-RS configuration, such as different channel estimation performance for CSI-RS ports in the same CSI-RS resource and additional UE computational efforts for channel interpolation for RBs without CSI-RS. Another issue with different port density is the impact on QCL assumption for delay spread. Because the maximum delay spread is determined by the CSI-RS tone spacing, CSI-RS ports with different densities could have different estimation of the delay spread. Therefore, it is contradicted to the current UE’s assumption that all the ports in a CSI-RS resource are QCL for delay spread. On the other hand, the performance benefit for allowing different port densities per CSI-RS configuration is not fully convinced. At least there is no restriction to allow CSI-R port sharing with legacy UE even when the same port density is configured for CSI-RS of more than 16-ports.
Proposal 3: Confirm the working assumption that the same port density shall be configured for all the CSI-RS configurations in a CSI-RS resource.
Since the comb-like transmission was also agreed for Class B beamformed CSI-RS, it shall be discussed whether K CSI-RS resources for Class B w/ K>1 could be configured with different port densities. The concern is the QCL assumption for delay spread. At least for TM9, the current assumption is that all the antenna ports are QCL for delay spread, Doppler shift, Doppler spread, and average delay.
Proposal 4: RAN1 shall determine QCL assumption for delay spread is still valid if different CSI-RS port densities are configured for different CSI-RS resources associated with a CSI process.

 
[bookmark: _Ref378529477]Conclusions
In summary, we discuss the remaining issues for the non-precoded CSI-RS design aspects for {20, 24, 28, 32} ports CSI-RS. We make the following proposals: 
Proposal 1: For CDM-4 for {20, 24, 28, 32} ports, the port indexing is determined by 
Proposal 2: CDM-8 groups can be constructed by aggregating multiple CDM-x groups in different legacy 8-port CSI-RS resource configurations, where x=4 for 24-ports CSI-RS and x=2 for 32-ports. 
Proposal 3: Confirm the working assumption that the same port density shall be configured for all the CSI-RS configurations in a CSI-RS resource.
Proposal 4: RAN1 shall determine QCL assumption for delay spread is still valid if different CSI-RS port densities are configured for different CSI-RS resources associated with a CSI process.
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