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1. Introduction
In RAN1#88bis meeting, the following agreements on NR CSI-RS have been achieved:
Agreements:

· At least for CSI-acquisition, for density 1 RE/port/PRB, X<8, and N=1 or 2 OFDM symbol, support X-port CSI-RS resource composed of M adjacent RE(s) in the frequency domain and N adjacent RE(s) in the time domain
· FFS X=1

· X=2: (M, N)= (2, 1) , FFS (1, 2)
· X=4: (M, N)= (4, 1) , (2, 2)
· FFS N > 2

· FFS: RE patterns for beam management

· FFS: the RE pattern for an X-port CSI-RS resource when X>=8

· FFS: the number of component CSI-RS RE patterns for X>=8-port CSI-RS resources

· Strive to minimize the possible pairs of (Y,Z) for the component CSI-RS RE patterns while considering configuration complexity and overhead
Agreements:
· Support at least CDM-2, CDM-4 and CDM-8

· FFS: Support of no CDM

· FFS: Time-domain and/or frequency-domain CDM can be configured on or off

· Consider CDM pattern design with at least the following aspects

· Measurement target, e.g. CSI acquisition, beam management, fine time/frequency tracking

· A CDM pattern cannot span over more than U OFDM symbols and V subcarriers, FFS the values of U and V

· Full power utilization

Agreements:
· At least CSI-RS for CSI acquisition, NR supports CSI-RS density d RE/RB/port for x-port CSI-RS

· Value(s) of d are at least d=1,1/2.

· For d<1, PRB-level comb-type transmission is supported.

· FFS whether offset value(s) can be the same or different across antenna ports

· FFS on supporting d>1 in the consideration of use case, e.g., NZP CSI-RS for IMR.

· FFS on the supported combinations of value(s) of x and d. 

This contribution provides our views on open issues of CSI-RS design for CSI acquisition.
2. Discussion
2.1. 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 be aggregated using 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 few 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 CSI-RS resources with X=2 or 4. 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. 
For higher CSI-RS ports number, the aggregated CSI-RS pattern will span multiple OFDM symbols. According to previous agreements, a CSI-RS resource may span N={1,2,4} OFDM symbols. Assuming the 1RE/port/PRB CSI-RS density is supported in NR, Figure 1 illustrates an example pattern of a 32-port CSI-RS RE mapping, which is comprised of 16 component CSI-RS RE patterns and spans N=4 consecutive symbols. 
Since phase noise cannot be ignored in NR especially in high frequency operation, the CSI-RS ports located on different OFDM symbols would experience different phase noise. Although the channel state has changed due to the feedback delay when PDSCH is transmitted, the phase noise impact will further aggravate such channel mismatch. To ensure CSI accuracy, the phase noise impact may also need to be compensated for CSI acquisition. One possible alternative is to transmit PT-RS-like reference signals on those symbols occupied by CSI-RS. If we define a 1-port CSI-RS resource with pattern (Y,Z)=(1,1), four resources could be configured within the same four OFDM symbols, the phase variation among these OFDM symbols can be measured and compensated.
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Figure 1: 1-port CSI-RS used for phase noise compensation
Based on the agreed CSI framework, for example a UE is configured with two resource settings, where the first resource setting corresponds to the X-port CSI-RS resource and the second corresponds to the 1-port CSI-RS resources. One CSI reporting setting is configured to report CSI for the X-port CSI-RS resource. The CSI measurement setting includes only one link between the CSI reporting setting and the first resource setting, which means CSI reporting is not needed for the 1-port CSI-RS resources.
Proposal:

· Component CSI-RS RE patterns with (Y,Z)=(1,1) is supported. 
2.2. 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 aggregation of the CDM-2 patterns and a CDM-8 pattern is aggregation of the CDM-2 or CDM-4 patterns [1]. With similar concept, the component CDM-2 and CDM-4 patterns should be supported in NR. Figure 2 shows the candidate CDM-2 and CDM-4 patterns.
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                           (a) CDM-2 patterns                                                   (b) CDM-4 patterns
Figure 2: Component CDM patterns
According to the agreements, the CDM pattern design aims to achieve full power utilization. If CSI-RS aggregation is applied to X>=8 port CSI-RS, different CDM patterns may be needed for different CSI-RS aggregations. For example, Figure 3 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 3(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 CDM-2 patterns defined in Figure 2(a). On the other hand, the CSI-RS pattern in Figure 3(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 2(b). For {24,32} ports, more flexible CDM-8 patterns are required. Therefore, considering various CSI-RS aggregations, flexible CDM-4 and CDM-8 patterns should be supported. 
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                           (a) (M, N)=(2, 2)                                              (b) (M, N)= (4, 1) 
Figure 3: 16 port CSI-RS aggregation (CDM-4)
Proposal:

· CDM-4 and CDM-8 patterns should be aggregated by the component CDM-2 and/or CDM-4 patterns.
2.3. CSI-RS density
CSI-RS has functionalities of both CSI acquisition and beam management in NR. To facilitate efficient system implementation, a unified CSI-RS pattern and configuration design is preferred to support different functionalities, where the component CSI-RS RE pattern has to take into account the beam management requirement. For beam management, Figure 4 depicts the larger subcarrier spacing based CSI-RS when 2x subcarrier spacing of the data subcarrier is applied. The number of subcarriers used for CSI-RS transmission is 1/2 of that used for data transmission. Therefore, to support beam sweeping with more than 8 ports CSI-RS (e.g., in the case of multi-panel beam sweeping), the CSI-RS patterns with CSI-RS density d<1 RE/port/PRB should be applied. If PRB-level comb-type transmission is supported, different offset value(s) should be allowed across antenna ports as shown in Figure 4.
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Figure 4: Larger subcarrier spacing based CSI-RS for beam sweeping
Proposal:

· For d<1 RE/port/PRB, different offset value(s) should be allowed across antenna ports.

3. 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 the CSI-RS density are discussed. We have the following proposals:
Proposals:

· For X>=8 port CSI-RS, CSI-RS RE pattern is obtained through aggregation of smaller X value. 
· Component CSI-RS RE patterns with (Y,Z)=(1,1) should be supported to deal with the phase noise impact. 
· CDM-4 and CDM-8 patterns should be aggregated by the component CDM-2 and/or CDM-4 patterns.

· For d<1 RE/port/PRB, different offset value(s) should be allowed across antenna ports.
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