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Introduction
In RAN1#89 meeting, the following agreements on NR CSI-RS have been achieved:
Agreements:
· At least for CSI acquisition, for N=2 OFDM symbols, support adjacent OFDM symbols for one CSI-RS resource
· For N=4 OFDM symbols, down-selection between 2 and 4 for the minimum number of adjacent OFDM symbols for one CSI-RS resource
· At least for CSI acquisition, for N=2 OFDM symbols, support a uniform RE mapping pattern wherein the same sub-carriers are occupied in each symbol of one CSI-RS resource 
· FFS: For N=4 OFDM symbols, the RE mapping pattern of one CSI-RS resource

Agreements:
· Support at least OCC as one type of CDM sequence 
· FFS: CDM of CSI-RS antenna ports on an RE-level comb based on phase rotation (cyclic shift) sequences
· Support at least CDM 8 for an X-port CSI-RS resource at least when X=32 
· FFS:  Support for other pairings of CDM value and number of ports X 
· For an X-port CSI-RS resource, at least for X = 1, support density D >= 1 RE/port/PRB
· FFS: Support for D > 1 for other values of X
Note: For X = 1, CDM code value(s) assumed to be 1
Agreements:
· At least for CSI acquisition, for density D=1 RE/port/PRB and X>4 ports,
· For N=1 OFDM symbol, support X=8, 12 ports
· For N=2 OFDM symbols, support X= 8, 12, 16ports
· FFS the case of X=24
· For N=4 OFDM symbols, support at least X=32 ports
· FFS the case of X=8/16/24
Agreements:
· At least for CSI acquisition, for density D=1 RE/port/PRB and X>4 ports, at least the following option is supported:
· For N=1 OFDM symbol, support [2 or 4] as the minimum number of adjacent REs in frequency domain for one CSI-RS resource
· FFS whether it’s 2 or 4
· For N=2 OFDM symbols, support [2 or 4 ] as the minimum number of adjacent REs in frequency domain for one CSI-RS resource
· FFS whether it’s 2 or 4
· For N=4 OFDM symbols, support [2 or 4] as the minimum number of adjacent REs in frequency domain for one CSI-RS resource
· FFS whether it’s 2 or 4
· FFS whether or not to support other options such as CDM CSI-RS antenna ports on a RE level comb based on phase rotation [cyclic shifts/sequences] including D=1 and D≠1
Agreements:
· For CDM pattern(s) per X port CSI-RS for CSI acquisition 
· For X=2 with CSI-RS RE pattern (M,N)=(2,1), 
· FFS support no CDM 
· Support FD-CDM2
· For X=4 with CSI-RS RE pattern (M,N)=(4,1)
· FSS support no CDM
· Support FD-CDM2
· FFS CDM4
· For X=4 with CSI-RS RE pattern (M,N)=(2,2)
· FFS support no CDM
· Support FD-CDM2
· FFS support TD-CDM2
· FFS CDM4

This contribution provides our views on open issues of CSI-RS design for CSI acquisition.
Discussion
CSI-RS RE pattern
Similar to CSI-RS aggregation in LTE (larger than 8-port CSI-RS), an X-port CSI-RS resource is composed of one or multiple component CSI-RS RE patterns in NR. In the last meeting, individual RE patterns for X=2 and 4 have been agreed. The RE patterns for X=8 can be either dedicated optimized (similar as X=2/4) or aggregated from X=2/4 CSI-RS resources. If dedicated X=8 patterns are supported, a successive 8-RE block is required. Considering the potential RE locations of DMRS and PT-RS, it will be hard to find multiple 8-RE blocks within a PRB, which results into fewer reuse factors. Therefore, for higher flexibility, CSI-RS aggregation for X=8 port CSI-RS resource is beneficial. The X=8 patterns could be aggregated by four X=2 resources or two X=4 resources. Similarly, for X>8 CSI-RS ports, it is natural to aggregate X=2 or 4 CSI-RS resources.. Taking the signaling overhead into account, larger aggregation granularity (e.g. 4-port CSI-RS) should be used. 
Proposal:
· For X>=8 port CSI-RS, CSI-RS RE pattern is obtained through aggregation of smaller X value. 
According to our companion contribution [1], in the case of small DMRS port number, CSI-RS may be mapped on the front-loaded DMRS symbols. With the possible DMRS patterns in mind, 2 adjacent REs mapping in the frequency domain should be supported for N=1,2,4 OFDM symbols to allow the multiplexing of CSI-RS and DMRS in the same OFDM symbol. From the agreement, 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. In the case of 24 ports CSI-RS is aggregated by six component patterns of (M,N)=(2,2), one possibility is where two component patterns is mapped on the first two OFDM symbols and the other four component patterns is mapped on the other two OFDM symbols. This example also implies that a uniform RE mapping pattern is not required for N=4 OFDM symbols, in other words, uniform RE mapping of CSI-RS is too restrictive. Considering the possible occurrence of the additional DMRS and the potential TRS, it would be difficult to find 4 adjacent OFDM symbols for CSI-RS in one slot. For RE mapping flexibility and larger reuse factor, our preference is minimum number of 2 adjacent OFDM symbols even for N=4. 
Proposals:
· Support 2 as the minimum number of adjacent REs in frequency domain for one CSI-RS resource for N=1,2,4 OFDM symbols.
· For N=2 OFDM symbols, support X=24 in addition to 8, 12, 16ports.
· For N=4 OFDM symbols, support at least X=16, 24, 32ports, select 2 as the minimum number of adjacent OFDM symbols and a uniform RE mapping pattern is not required.
CDM pattern design
It has been agreed that CDM-2, CDM-4 and CDM-8 are all supported in NR. In LTE, CDM-2 is applicable for all supported antenna ports number, while CDM-4 and CDM-8 is applicable to {12, 16, 24, 32} ports and {24, 32} ports respectively. We prefer to maintain the same principle in NR. Moreover, in LTE, a CDM-4 pattern is aggregated from the CDM-2 patterns and a CDM-8 pattern is aggregation of the CDM-2 or CDM-4 patterns [2]. With similar concept, the component CDM-2 and CDM-4 patterns should be supported in NR. Figure 1 shows the candidate CDM-2 and CDM-4 patterns.
                  [image: ]                                  [image: ]
                           (a) CDM-2 patterns                                                   (b) CDM-4 patterns
Figure 1: Component CDM patterns
According to the agreements, the CDM pattern design aims to achieve full power utilization. Therefore, although the TD-CDM2 pattern shown in Figure 1(a) is not identical to the component RE pattern, it is useful for X=4 port and X=8 port CSI-RS composed by (M,N)=(2,2) to achieve full power utilization. On the other hand, considering CSI-RS aggregation applied to X>=8 port CSI-RS, different CDM patterns may be needed for different CSI-RS aggregations. For example, Figure 2 depicts two ways of CSI-RS aggregations for 16 ports CSI-RS with CDM-4, where four 4 ports CSI-RS resources are used. The CSI-RS pattern in Figure 2(a) is aggregated by four (M,N)=(2,2) component RE patterns. To achieve full power utilization, the component CDM-4 patterns given above could not be applied in this case. A new CDM-4 pattern (labeled with the same letter) is required, which is aggregated with two component TD-CDM2 patterns defined in Figure 1(a). On the other hand, the CSI-RS pattern in Figure 2(b) is aggregated by four (M,N)=(4,1) component RE patterns, where each CDM-4 pattern directly use the CDM-4 component pattern defined in Figure 1(b). For {24,32} ports, more flexible CDM-8 patterns are required considering the uniform or non-uniform RE mapping patterns. Therefore, targeting for various CSI-RS aggregations, flexible CDM-4 and CDM-8 patterns should be supported. 
                          [image: ]                                         [image: ]
                           (a) (M, N)=(2, 2)                                              (b) (M, N)= (4, 1) 
Figure 2: 16 port CSI-RS aggregation (CDM-4)

Proposals:
· TD-CDM2 should be supported.
· CDM-4 and CDM-8 patterns should be aggregated by the component CDM-2 and/or CDM-4 patterns.
Conclusions
In this contribution, we provided our views on CSI-RS design for CSI acquisition. The open issues about component CSI-RS RE patterns and CDM patterns are discussed. We have the following proposals:

Proposal 1: For X>=8 port CSI-RS, CSI-RS RE pattern is obtained through aggregation of smaller X value. 
Proposal 2: Support 2 as the minimum number of adjacent REs in frequency domain for one CSI-RS resource for N=1,2,4 OFDM symbols.
Proposal 3: For N=2 OFDM symbols, support X=24 in addition to 8, 12, 16ports.
Proposal 4: For N=4 OFDM symbols, support at least X=16, 24, 32ports, select 2 as the minimum number of adjacent OFDM symbols and a uniform RE mapping pattern is not required.
Proposal 5: TD-CDM2 should be supported.
Proposal 6: CDM-4 and CDM-8 patterns should be aggregated by the component CDM-2 and/or CDM-4 patterns.
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