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1. Introduction
In RAN1#88, the main agreement is that the RE pattern for an X-port CSI-RS resource is comprised of one or multiple component CSI-RS RE patterns, and many others are FFS [1]. These agreements are listed as following:
Agreements:

· The RE pattern for an X-port CSI-RS resource spans N ≥ 1 OFDM symbols in the same slot and is comprised of one or multiple component CSI-RS RE patterns where

· A component CSI-RS RE pattern is defined within a single PRB as Y adjacent REs in the frequency domain and Z adjacent REs in the time domain

· FFS: Support for more than one component CSI-RS RE pattern definition, i.e., value of Y and Z

· FFS: Supported value(s) of Y and Z, e.g. (Y, Z) = {(1,2), (2,1), (4,1), (8,1), (2,2), (2,4)} 

· FFS: How to apply CDM within a component CSI-RS RE pattern and across multiple component CSI-RS RE patterns

· Note: Depending on the density reduction approach agreement(s), the Y REs of a component CSI-RS RE pattern may be non-adjacent in the frequency domain

· The multiple component CSI-RS RE patterns can be extended across the frequency domain within the configured CSI-RS bandwidth

· At least the following numbers of OFDM symbols for a CSI-RS resource are supported

· N = {1, 2, 4}

· FFS, other value(s) of N

· The N OFDM symbols can be adjacent/non-adjacent

· FFS, down-selection on adjacent/non-adjacent OFDM symbols

· OFDM symbol(s) can be configured to contain CSI-RS only

· FFS: the applicability of above proposals for beam management (e.g., for beam sweeping, for generation of sub-time units)

· FFS on the following aspects:

· Location of N OFDM symbols within a slot

· Replication of RE pattern across the N OFDM symbols

· Supported CDM values

· Exact port number assignment to CSI-RS RE pattern, considering at least CDM of ports and relationship of port numbers to dual polarized antenna elements

· Support for densities D > 1 RE/port/PRB

· Mapping of other physical channels and/or reference signals within the same OFDM symbol(s) as CSI-RS

This contribution presents our views on the details of CSI-RS for CSI acquisition.
2.  The Values of (Y,Z) of component for X-port CSI-RS
As we know, NR should support CSI-RS with {2, 4, 8, 16 and 32} ports, and the components of only one size may not be reasonable for all CSI-RS port.  For example, with the size of 2-RE component, it’s fit to 2-port CSI-RS, while the RE pattern of 32-port CSI-RS need 16 components of 2 REs, which becomes more complex. With the size of 8-RE component, 32-port CSI-RS can be comprised with 4 components and the implementation complexity is relaxed.  So the component sizes should include {2, 4, 8} REs.  Thus, the RE pattern of {2,4,8}-port CSI-RS can be comprised of one component for keeping low implementation complexity, e.g. 2-RE component for 2 ports, 4-RE component for 4 ports, and 8-RE component for 8 ports. And the RE pattern of {16, 32}-port CSI-RS can be comprised of multiple components with the same (Y, Z). Table 1 shows the RE pattern of X-port CSI-RS which is comprised of k components of (Y, Z).

Table 1:  the number of components for X ports CSI-RS
	Component
(Y,Z)
	Port number(X)

	
	2
	4
	8
	16
	32

	(2,1)
	1
	
	
	
	

	(1,2)
	1
	
	
	
	

	(4,1)
	
	1
	
	
	

	(2,2)
	
	1
	
	
	

	(1,4)
	
	1
	
	
	

	(8,1)
	
	
	1
	2
	4

	(2,4)
	
	
	1
	2
	4

	(4,2)
	
	
	1
	2
	4


To further simplify the RE patterns, replication of RE pattern across the N OFDM symbols can be used when multiple components construct the RE pattern of X port. Moreover, multiple type of one size of component should be supported for X port CSI-RS because different scenarios, e.g. slot structure or frequency bands need to different component types. Taking 2 port CSI-RS an example, the component (2, 1) of (Y, Z) should be adopted if only one OFDM symbol is configured, but the component (1, 2) can be configured for better channel estimation if more than one OFDM symbol is configured. Usually, REs within one component should be restricted in one OFDM symbol in high frequency bands if phase noise is considered, but not necessary restricted in low frequency bands. Similar with 2 port CSI-RS, multiple types for component size 4, 8 should also be supported in order to meet the requirements of different scenarios.  
Based on aforementioned analysis, we propose 

Proposal 1: NR should support (Y,Z)={(2,1),(1,2),(4,1),(2,2)(1,4),(8,1),(2,4),(4,2)} to fill {2,4,8, 16, 32}-port CSI-RS; the RE pattern of {2,4,8}-port CSI-RS can be comprised of one component and  the RE pattern of {16, 32}-port CSI-RS can be comprised of multiple component with the same (Y, Z).
3. Configurable locations for component 
When gNB configures the CSI-RS resource for a UE, it should configure the locations of component for CSI-RS. In LTE, the location of CSI-RS configuration is predefined in CSI-RS RE pool, and gNB uses the predefined location to configure CSI-RS. This method makes control signaling design easily and introduces less standard effort; NR can use the similar method as well. 
NR should define component locations in selected N OFDM symbols to reduce unnecessary locations. Meanwhile, gNB should have sufficiently flexible location in frequency domain for CSI-RS to avoid the configurable DMRS. Figure 1 shows two type of configurable locations, where the left pattern for Y=1 has 12 locations for CSI-RS within one RB, while the middle one for Y=2 has 6 locations for CSI-RS within one PRB. However, when the component is (8, 1) of (Y, Z), if multiple possible locations are expected, partial REs of this component may belong to another PRB as shown in right pattern in Figure 1. Whether one component can be allowed across two PRBs or not should be further studied
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Fig1: configurable locations for CSI-RS
Proposal 2: NR should define component locations in selected N OFDM symbols, have 12 configurable locations in frequency domain for CSI-RS within one RB when Y=1 and FFS for the case of one component across two PRBs when Y>1. 
4.  CDM pattern for X-port CSI-RS
Based on above analysis, NR can have several components and support up to 32-port CSI-RS, so it has a lot of RE patterns for CSI-RS. It’s reasonable that CDM patterns for CSI-RS should be designed carefully to keep low complexity. In LTE, CDM and power boosting are explored to make full use of power. NR can adopt the similar technique. If maximum power utilization is assumed, it is unnecessary to inform UE CDM pattern since the CDM pattern can be determined by the RE pattern of X port CSI-RS and the length of CDM pattern. Figure 2a and Figure 2b present the CDM patterns on 2 OFDM symbols and 4 OFDM symbols respectively, REs mapped on one CDM resource are marked as same alphabet. 
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Fig 2: CDM RE pattern 
As shown in the first row of Figure 2a, when CDM 2 is configured for 8 port CSI-RS, one CDM 2 pattern should map on adjacent 2 REs in same subcarrier in order to achieve 6dB power boosting and no need to inform UE. When CDM 4 is configured for 8 ports as shown in second row of Figure 2a, it seems four adjacent REs are straightforward to map on one CDM 4 resource in order to achieve maximum power utilization, i.e. 3dB. When CDM 8 is configured for 16 ports as shown in third row of Figure 2a, eight adjacent REs are also straightforward to map on one CDM 8 resource in order to achieve maximum power utilization. 

Similarly, as shown in the first row of Figure 2b, when CDM 2 is configured for 16 port CSI-RS, one CDM 2 pattern should map on adjacent 2 REs in same subcarrier in order to achieve 6dB power boosting. When CDM 4 is configured for 16 ports as shown in second row of Figure 2b, one CDM 4 pattern should still map on 4 REs in same subcarrier in order to achieve 6dB power boosting. When CDM 8 is configured for 32 ports as shown in third row of Figure 2b, eight REs in two adjacent subcarriers map on one CDM 8 resource in order to achieve maximum power utilization.

When the length of CDM pattern, X value, RE pattern of X port CSI-RS are configured to UE, CDM pattern is implicitly determined which should achieve maximum power utilization. 

Figure 2c presents a CDM pattern which is not align with our proposal since the maximum power utilization is not achieved. Because all REs in one CDM pattern map on one OFDM symbol, no power boosting can be achieved in Figure 2c. 
Proposal 3: CDM pattern should be determined by RE pattern of CSI-RS and CDM length in order to achieve maximum power utilization. 
5.  supporting configurable density
In LTE Rel-14, CSI-RS density with lower than 1 is supported to reduce CSI-RS overhead and the density 1/3, 1/2, 1 are supported currently. However, since larger subcarrier space (SCS) is introduced as SCS = 15kHz*2n in NR, larger density CSI-RS should be supported for achieving comparable performance of channel estimation as LTE. Consequently, the corresponding density with {1/3, 1/2, 1}*2n RE/RB/port should be supported as shown in Table 2.
Table 2： CSI –RS density for different SCS
	SCS (15kHz*2n)
	Density (RE/RB/port)

	15kHz ,(n=0)
	1/3
	1/2
	1

	30kHz ,(n=1)
	2/3
	1
	2

	60kHz ,(n=2)
	4/3
	2
	4

	120kHz ,(n=3)
	8/3
	4
	8

	240kHz,(n=4)
	16/3
	8
	16


Because of 12 subcarriers in one PRB, the maximum density is 12 RE/RB/port. After make the density value align with LTE, approximated values are used in Table 3 instead of ones in Table 2. 
Table 3: adjusted CSI –RS density for different SCS
	SCS (15kHz*2n)
	Density (RE/RB/port)

	15kHz ,(n=0)
	1/3
	1/2
	1

	30kHz ,(n=1)
	1/2
	1
	2

	60kHz ,(n=2)
	1
	2
	4

	120kHz ,(n=3)
	3
	4
	6

	240kHz,(n=4)
	6
	6
	12


Therefore, CSI-RS density with {1/3, 1/2, 1, 2, 3, 4, 6, 12} should be supported for multiple SCSs.  For lower density with 1/K, each CSI-RS port is transmitted in every K PRBs. In other words, every K PRBs is one group for each CSI-RS port.  However, for high density with K, each CSI-RS port is transmitted in every 12/K subcarriers. Figure 3 shows CSI-RS patterns with 2ports and with different K values. 
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Fig 3: Density equal to RE/RB/port
Proposal 4: For CSI-RS density K with value {1, 2, 3, 4, 6, 12}, each CSI-RS port is transmitted in every 12/K subcarriers. 
6. Conclusion

In this contribution, we discuss the details on the RE patterns of X-port CSI-RS and CDM RE patterns for CSI acquisition. We have the following proposals:

Proposal 1: NR should support (Y,Z)={(2,1),(1,2),(4,1),(2,2)(1,4),(8,1),(2,4),(4,2)} to fill {2,4,8, 16, 32}-port CSI-RS; the RE pattern of {2,4,8}-port CSI-RS can be comprised of one component and  the RE pattern of { 16, 32}-port CSI-RS can be comprised of multiple component with the same (Y, Z).
Proposal 2: NR should define component locations in selected N OFDM symbols, have 12 configurable locations in frequency domain for CSI-RS within one RB when Y=1 and FFS for the case of one component across two PRBs when Y>1. 
Proposal 3: CDM pattern should be determined by RE pattern of CSI-RS and CDM length in order to achieve maximum power utilization.
 Proposal 4: For CSI-RS density K with value {1, 2, 3, 4, 6, 12}, each CSI-RS port is transmitted in every 12/K subcarriers. 
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