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Introduction
In RAN1 NR Ad-hoc#2 meeting, the following agreements on NR CSI-RS have been achieved:
Agreements:
· At least for CSI acquisition, for N=4 OFDM symbols, 
· Support two pairs of adjacent OFDM symbols for one CSI-RS resource where the two pairs can be adjacent or non-adjacent
· For each pair, support a uniform RE mapping pattern in the time domain wherein the same sub-carriers are occupied in the two adjacent OFDM symbols
· Note: CDM pattern will be discussed separately

Agreements:
· Regarding CSI-RS RE Patterns for CSI Acquisition, support at least the following CSI-RS RE patterns for CSI acquisition for OCC based CDM
	X
	Density [RE/RB/port]
	N
	(Y,Z)
	CDM
	Remark

	1
	>1, 1 
	1
	N.A.
	No CDM
	

	2
	1
	1
	(2,1)
	FD-CDM2
	

	4
	1
	2
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	

	8
	1
	2
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	

	16
	1
	2
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	

	32
	1, 1/2
	4
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	FFS, CDM8 details



Agreements:
· For CDM-8 in CSI-RS for CSI acquisition, support at least one of the following:
· Alt 1: Distributed across multiple of the component CSI-RS RE patterns
· Alt 2: Fully contained within one component CSI-RS RE pattern 
· For CDM-4, study further whether to support the ports being distributed across multiple of the component CSI-RS RE patterns

Agreements:
· For CSI acquisition, at least the following parameters associated with a CSI-RS resource can be indicated to be a UE based on higher-layer configuration:
· Number of CSI-RS ports  
· Density (RE/PRB/port) 
· For density = 1/2, comb offset
· CDM (Length, Type) 
· Locations of the component RE patterns for the corresponding CSI-RS resource
· FFS on signaling details
· Scrambling ID
· Note: the detailed approach for the above signaling is FFS

This contribution provides our views on the remaining issues of CSI-RS design for CSI acquisition.
Discussion
CSI-RS RE pattern
It was agreed that with density D=1 RE/port/PRB, for N=1 OFDM symbol, 12 ports CSI-RS is supported, which means the OFDM symbol is fully occupied by the CSI-RS. Similarly it is reasonable to support 24 ports CSI-RS for N=2 OFDM symbols. In our view, for N=4 OFDM symbols, at least 16 and 24 ports CSI-RS should also be supported. For example, when there are other RSs in the slot, it may not be possible to find a pair of clean OFDM symbols where all 24 ports can be mapped. On the other hand, if N=4 OFDM symbols is supported for 16 ports CSI-RS, it would achieve more flexible RE mapping, e.g. being mapped on the front-loaded DMRS symbols. This is beneficial to increase the reuse factors for 16 ports CSI-RS.
Proposals:
· For N=2 OFDM symbols, support X=24 in addition to 8, 12, 16ports.
· For N=4 OFDM symbols, support X=16, 24 in addition to 32 ports.
CDM pattern design
According to the agreement of the last meeting, uniform CDM patterns, i.e. FD-CDM2 and CDM4(FD2,TD2), are used for all  supported X port CSI-RS patterns. Since the CDM pattern design aims to achieve full power utilization, additional CDM patterns would be required in some cases. In the case of 8 ports CSI-RS, it is aggregated by two (Y,Z)=(2,2) component RE patterns. Different from LTE, the supported FD-CDM2 does not achieve full power utilization. Therefore, we propose to further introduce TD-CDM2. Another case is for 16 ports CSI-RS. If OFDM symbol number N=4 is supported, one possible CSI-RS aggregation is depicted in Figure 1, where four (Y,Z)=(2,2) component RE patterns are used. To achieve full power utilization, TD-CDM4 (labeled with the same letter) should be supported. Namely, CDM-4 is distributed across multiple of the component CSI-RS RE patterns.
[image: ]
Figure 1: 16 port CSI-RS aggregation (TD-CDM4)
Proposals:
· Further introduce TD-CDM2 for 8 ports.
· For N=4 OFDM symbols, X=16 ports, at least TD-CDM4 is supported.
As mentioned above, in NR, larger number of REs would be available for CSI-RS mapping. Therefore, even for the 32 ports CSI-RS, there is possibility of multiple reuse factors. Taking Figure 2 as an example, two 32 ports CSI-RS (red and green) could be configured with additional DMRS sets allocated. The red pattern is uniform and the green pattern is non-uniform. To achieve full-power utilization for the non-uniform pattern, flexible CDM-8 patterns should be considered. 
[image: ]
Figure 2: 32 port CSI-RS configuration
In LTE, CDM-8 is aggregated from the CDM-2 or CDM-4 patterns [1]. With similar concept, the component CDM-2 and CDM-4 patterns should be supported in NR. Thus, CDM-8 patterns are aggregated from the component CDM-2 and/or CDM-4 patterns. Figure 3 shows the candidate CDM-2 and CDM-4 patterns. Except for the TD-CDM2 pattern shown in Figure 1(a), all the other patterns are identical to the component RE pattern. Based on these component CDM patterns, the CDM-8 pattern for the non-uniform 32 ports CSI-RS is depicted in Figure 2, where those REs with the same letter construct one CDM-8 pattern.
                  [image: ]                                  [image: ]
                           (a) CDM-2 patterns                                                   (b) CDM-4 patterns
Figure 3: Component CDM patterns

Proposal:
·  CDM-8 patterns are aggregated from the component CDM-2 and/or CDM-4 patterns.
CSI-RS resource configuration
For CSI-RS resource configuration, locations of the component RE patterns should be signaled to the UE. In LTE, due to the REs allowed for CSI-RS mapping is fixed and limited (40 REs), multiple CSI-RS configurations are predefined for {1,2,4,8} CSI-RS ports. These CSI-RS configurations indicate both time and frequency locations. In NR, the potential CSI-RS OFDM symbols have not been decided yet. From our perspective, flexible CSI-RS allocations should be supported. Therefore, we propose to predefine CSI-RS configurations only in the frequency domain, figure 4 shows examples of how CSI-RS configurations can be designed. The locations of the component RE patterns are signaled by combining the configuration index and the OFDM symbol index.
[image: ]
(a) 2 ports                                (b) 4 ports                          (c) 4 ports
Figure 4: Predefined CSI-RS configurations
Proposal:
· Predefine CSI-RS configurations only in the frequency domain. The locations of the component RE patterns are signaled by combining the configuration index and the OFDM symbol index.
Conclusions
In this contribution, we provided our views on CSI-RS design for CSI acquisition. The open issues about component CSI-RS RE patterns, CDM patterns and CSI-RS configuration are discussed. We have the following proposals:

Proposal 1: For N=2 OFDM symbols, support X=24 in addition to 8, 12, 16ports.
Proposal 2: For N=4 OFDM symbols, support X=16, 24 in addition to 32 ports.
Proposal 3: Further introduce TD-CDM2 for 8 ports.
Proposal 4: For N=4 OFDM symbols, X=16 ports, at least TD-CDM4 is supported.
Proposal 5: CDM-8 patterns are aggregated from the component CDM-2 and/or CDM-4 patterns.
Proposal 6: Predefine CSI-RS configurations only in the frequency domain. The locations of the component RE patterns are signaled by combining the configuration index and the OFDM symbol index.
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