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During the RAN1#89 meeting, the following agreements on CSI-RS pattern design were achieved [1]:
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, 16 ports
· 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

In this contribution, we discuss the remaining issues of CSI-RS design for CSI acquisition.
Discussion
CSI-RS design in case of 1 RE/port/PRB
Regarding NR CSI acquisition, firstly CSI-RS RE pattern with less and adjacent OFDM symbols is beneficial for fast CSI acquisition. On the other hand, impact on data transmission from CSI-RS should be minimized during the design phase, as in high frequency, the transmission of CSI-RS may put constraint on other signals to use the same analog beam with CSI-RS in the same OFDM symbol, adding difficulty to data transmission from other FDMed users using a different analog beam. As a result, it is necessary to minimize the number of symbols for an X-port (X>=8) CSI-RS resource in case of TDM manner between data and CSI-RS, in order to reserve more resources for data transmission. Therefore, based on the agreements achieved in the previous meeting, we propose not to support 4 OFDM symbol(s) for X=8/16/24 ports CSI-RS resource, but to support 2 OFDM symbols for X=24 ports CSI-RS resource.
Proposal 1: At least for CSI acquisition, for density D=1 RE/port/PRB and X>4 ports
· For N=2 OFDM symbols, support X= 8, 12, 16 ports
· For N=4 OFDM symbols, support only X=32 ports
Another remaining open issue of CSI-RS RE pattern design for CSI acquisition is that the number of component CSI-RS patterns for X>=8 ports CSI-RS resources with 1 RE/port/PRB. Considering configuration complexity and overhead, it is expected to minimize the possible pairs of (Y, Z) for the component CSI-RS RE patterns, in which a component CSI-RS resource occupies Y adjacent RE(s) in the frequency-domain and Z adjacent RE (s) in time-domain. As a result, we propose to adopt only two types of component CSI-RS RE pattern {(Y, Z) = (4, 1), (Y, Z) = (2, 2)} to construct an X-port (X>=8) CSI-RS resource. And for one specific X-port CSI-RS resource, it should have only one type of the above component CSI-RS RE patterns.
In the following, we will provide the possible X>=8 ports CSI-RS RE pattern by using the above component CSI-RS RE patterns.
First for X=8 ports, the CSI-RS RE pattern can be constructed by either 2 component CSI-RS resources with (Y, Z) = (4, 1) or 2 component CSI-RS resources with (Y, Z) = (2, 2). And in this case, (Y, Z) = (4, 1) can be used in high frequency band, and (Y, Z) = (2, 2) is attractive in low frequency range. Moreover, if 2 component CSI-RS resources with (Y, Z) = (4, 1) are consecutive in frequency domain or time domain, it is equivalent to the CSI-RS resource with (M, N) = (8, 1) or (M, N) = (4, 2), respectively. Similarly, 2 component CSI-RS resources with (Y, Z) = (2, 2) consecutive in frequency domain is identical to the CSI-RS resource with (M, N) = (4, 2).The possible RE patterns of 8-port CSI-RS resource is shown in Fig. 1.


Figure 1. Possible 8-port CSI-RS RE patterns
The RE pattern of X=12 ports CSI-RS is already clear based on the agreements in previous meeting. For N=1 OFDM symbol, the RE pattern can be composed by 3 component CSI-RS resources with (Y, Z) = (4, 1). Since there is only one OFDM symbol, the 3 component CSI-RS REs must be consecutive in frequency domain, which is same as the CSI-RS resource with (M, N) = (12, 1). For N=2 OFDM symbols, the 12-port CSI-RS resource should be composed by 3 component CSI-RS resources with (Y, Z) = (2, 2). Also, if 3 component CSI-RS resources are consecutive in frequency domain, the generated pattern is same with (M, N) = (6, 2). The overall 12-port CSI-RS RE pattern is shown in Fig. 2.


Figure 2. Possible 12-port CSI-RS RE patterns
For the X=16 ports CSI-RS RE pattern with 1 RE/port/PRB, we propose to adopt N=2 OFDM symbols, thus the resultant RE pattern can be composed either by 4 component CSI-RS resource with (Y, Z) = (4, 1) or by 4 component CSI-RS resource with (Y, Z) = (2, 2). If the component CSI-RS resources are consecutive in frequency domain, it is the CSI-RS resource with (M, N) = (8, 2).


Figure 3. Possible 16-port CSI-RS RE patterns
Regarding the CSI-RS configuration for X=24 ports CSI-RS RE pattern, we propose to adopt N=2 OFDM symbols. The final CSI-RE pattern is composed by 6 component CSI-RS resources with (Y, Z) = (4, 1) or (Y, Z) = (2, 2), which is same as CSI-RS resource with (M, N) = (12, 2), as shown in Fig. 4.


Figure 4. Possible 24-port CSI-RS RE pattern
Finally, for X=32 ports CSI-RS RE pattern design, since the agreed OFDM symbols is 4 and the minimal adjacent OFDM symbols is 2 or 4. To minimize the adjacent OFDM symbols, we propose to use minimal 2 adjacent OFDM symbols for 32-port CSI-RS resource, which can be constructed by 8 component CSI-RS resources with (Y, Z) = (4, 1) or (Y, Z) = (2, 2), as shown in Fig. 5.


Figure 5. Possible 32-port CSI-RS RE patterns
CDM pattern design is another open issue in CSI-RS design for CSI acquisition. Flexible CDM pattern design should be supported considering the channel frequency selectivity and full power utilization, and at least for CSI acquisition CDM should be supported for X>1 ports CSI-RS resource. On the other hand, to preserve well orthogonality between CSI-RS ports, CDM pattern cannot cross non-consecutive component CSI-RS resources.
Proposal 2: At least for CSI acquisition, for density D=1 RE/port/PRB and X>4 ports
· Support the usage of component CSI-RS resources with (Y, Z) = (4, 1) or (Y, Z) = (2, 2)
· For X-port CSI-RS resource, it only comprises one type of component CSI-RS resource
· CDM pattern cannot cross non-consecutive component CSI-RS resources
For the time location of CSI-RS for CSI acquisition, due to the fact that control channel and front-loaded DMRS may occupy the first three or four symbols in a subframe. In order to achieve fast CSI acquisition, it is beneficial to place the CSI-RS in the front of a slot, just after front-loaded DMRS.
Proposal 3: Support CSI-RS located in the front of a slot for fast CSI acquisition
CSI-RS density reduction


Figure 6. Examples of 24-port CSI-RS with 1/2 RE/port/PRB with different PRB comb offset values
It was agreed in RAN1#88bis that PRB-level comb-type transmission with 1/2 RE/port/PRB density is supported to reduce CSI-RS overhead. The density of 1 RE/port/PRB can be designed as a baseline, and configurable CSI-RS densities should be adopted to achieve different CSI acquisition granularities. For X>=16 ports CSI-RS resource, it is beneficial to support the density of 1/2 RE/port/PRB. In this case, we propose to use same PRB comb offset value across antenna ports. Different PRB comb offset values across antenna ports should be studied further. Two examples of 24-port CSI-RS resource with 1/2 RE/port/PRB and with different PRB comb offset values across antenna ports are shown in Fig. 6, in which the RE locations in each PRB are same for the left pattern while different for the right pattern.
Proposal 4: Support PRB-level comb-type transmission for X>=16 port CSI-RS for CSI acquisition
· Same PRB comb offset value for all ports should be supported
· FFS different PRB comb offset values across antenna ports
Conclusions
In this contribution, we discuss the detailed design of CSI-RS for CSI acquisition. In summary, the following proposals are made.
Proposal 1: At least for CSI acquisition, for density D=1 RE/port/PRB and X>4 ports
· For N=2 OFDM symbols, support X= 8, 12, 16, 24 ports
· For N=4 OFDM symbols, support only X=32 ports
Proposal 2: At least for CSI acquisition, for density D=1 RE/port/PRB and X>4 ports
· Support the usage of component CSI-RS resources with (Y, Z) = (4, 1) or (Y, Z) = (2, 2)
· For X-port CSI-RS resource, it only comprises one type of component CSI-RS resource
· CDM pattern cannot cross non-consecutive component CSI-RS resources
Proposal 3: Support CSI-RS located in the front of a slot for fast CSI acquisition
Proposal 4: Support PRB-level comb-type transmission for X>=16 port CSI-RS for CSI acquisition
· Same PRB comb offset value for all ports should be supported
· FFS different PRB comb offset values across antenna ports
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