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	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



At RAN1#89 meeting [2], it was agreed that:
	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:
· 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

· 


At RAN1Ad Hoc #2 meeting [3], it was agreed that:
	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


· Note: 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 (agreements in RAN1#88)
· Note: Density 1/2 is based on a PRB-level comb with the same comb offset value for all ports.
· Note: REs for CDM2 and CDM4(FD2,TD2) comprise adjacent REs
· Note: RAN1 will continue discussing adding more entries to the above table

Agreements:
· Support PN sequence for CSI-RS for CSI acquisition and beam management
· FFS detailed sequence generation and initialization methods
· E.g. function of slot number, OFDM symbol number, CP length, UE ID, cell ID, virtual cell ID, function of PRB position of configured CSI-RS resource, etc.

Agreements:
· For beam management, CSI-RS with sub-time units smaller than an OFDM symbol in a reference numerology is not supported in Rel-15

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:
· CSI-RS resource with 1-port and 2-port for one OFDM symbol can be used for beam management.
· Value of D>=1 represents RE/RB/port within a OFDM symbol
· For the case of 1-port
· No CDM
· Subcarrier spacing within a PRB for D>1
· Even spacing
· Constant subcarrier spacing across PRB(s)
· Constant subcarrier spacing within a BWP
· FFS the values of D 
· For the case of 2-port:
· Reuse the same pattern as that of for CSI acquisition at least for D=1 (if supported)
· FFS: the potential number of CSI-RS OFDM symbols for beam management
· FFS: other values of X and D for beam management 



In this contribution, we discuss the remaining details of NR CSI-RS, considering the functionalities of CSI acquisition, beam management and fine time/frequency tracking if supported.
CSI-RS Design for CSI Acquisition
CSI-RS pattern
Regarding CSI-RS pattern for CSI Acquisition, some CSI-RS RE patterns and CDM types have been agreed in Ad-Hoc #2 meeting [3]. These patterns are comprised of one or multiple component CSI-RS RE patterns, where a component CSI-RS RE pattern is defined within a single PRB as some adjacent REs in the frequency domain and several adjacent REs in the time domain. In the agreements, only two component CSI-RS RE patterns (2, 1) and (2, 2) are considered. Companies are suggested to further study adding more component patterns in the agreed table.  To guide the further design of CSI-RS patterns, our views on some key attributes are discussed as follows.
The regular pattern of 1-port CSI-RS used for beam management has been agreed in [3], e.g., even subcarrier spacing within a PRB and constant subcarrier spacing across PRBs. The spacing is dependent on the density D. For example, the subcarrier spacing can be 6 with density 2, while the spacing is 4 with density 3. To simplify the CSI-RS pattern design while making sufficient network flexibility to support both separate and joint procedure of beam management and CSI acquisition, 1-port CSI-RS for CSI acquisition with D>1 can reuse the agreed CSI-RS pattern for beam management.

· Other component RE patterns for more than 2 ports
One of the remaining issues of CSI-RS pattern design is “Notes: RAN1 will continue discussing adding more entries to the above table”. Since it has been agreed in #88bis meeting [1] that the agreed patterns of 4 ports will be (4, 1) and (2, 2). Therefore, another row for X=4 should be added in the table, and (Y, Z) is (4, 1) in this case. 
For 8 and 12 ports, the number of OFDM symbols N in a CSI-RS resource can be 1 or 2. Dependence can be established between component pattern selection and number of symbols N for one CSI-RS resource configuration. As shown in Figure 1, when N=1, (4, 1) is adopted as component RE pattern, while (2, 2) is used for aggregation when N=2. Therefore, only frequency-domain aggregation needs to be adopted. In the cases of 4 OFDM symbols which is potentially suitable for 16 or 32-port CSI-RS resource, as it is agreed to down select between 2 and 4 for the minimum number of adjacent OFDM symbols and adjacent REs in frequency domain, the candidate component RE patterns could be (2, 2) and (4, 2). Considering flexibility and signaling overhead, (4, 2) is more preferable.  
                                     [image: ]                            [image: ]                              [image: ]
 (a) N=1: (4, 1)                    (b) N=2: (2, 2)                    (c) N=4: (4, 2)
Figure 1  Component CSI-RS RE pattern (Y, Z) for N OFDM symbols (One colour represents one configuration)
Table 1  The numbers of OFDM symbols and component patterns for X-port CSI-RS (X>2)
	Number of OFDM symbols N
	Number of ports X
	Component RE pattern (Y, Z)

	1
	4, 8, 12
	(4, 1)



Proposal 1: For an X-port CSI-RS resource with more than 2 ports and N OFDM symbols, add some other entries to the table of CSI-RS RE patterns :
· X = 4/8/12 with N = 1and (Y, Z) = (4, 1)
· X = 1 with D>1, reuse the CSI-RS pattern agreed for beam management.

CSI-RS sequence 
Within a NR cell, a UE may be exposed to multiple TRPs or multiple beams from one or different TRPs.  The UE can be instructed to measure and report back the CSI associated with different CSI-RS ports. To provide a UE-cell-centre-like experience of measurement, the mapping of TRPs and their antenna elements to CSI-RS ports is transparent to the UEs. Since LTE Rel-11, the pseudo-random sequence generator parameter of CSI-RS can be configured by higher layer to support flexible dynamic TRP selection. Therefore, flexible configuration on the CSI-RS sequence should be supported. 
Similar as LTE, PN sequence can be adopted for NR CSI-RS as well. However, in LTE, within one OFDM symbol, the length of PN sequence per PRB is only 1, no matter how many REs are configured per symbol for one CSI-RS resource. At least two OFDM symbols and time-domain CDM are configured for one CSI-RS resource with arbitrary number of ports. Therefore, the length of PN sequence per PRB for one CSI-RS port is at least 2. It is well known that the more the length of PN sequence, the less the cross-correlation of PN sequences. If the length is only one, two arbitrary PN sequences are fully correlated. Different from LTE, NR has agreed on allowing one CSI-RS resource in only one symbol, e.g. (2, 1), (4, 1). Therefore, to avoid severe interference among PN sequences, length of PN sequence per PRB per OFDM symbol should be an integer more than one, e.g. the maximum value of frequency-domain CDM, the number of subcarriers per PRB (i.e. 12). In the following we provide an example to show different sequence lengths of PN sequence per PRB for one CSI-RS port. In the example, CDM across two adjacent REs is assumed.
[image: ]
Figure 2.  Examples of different sequence lengths
Proposal 2: The length of PN sequence for CSI-RS per PRB per OFDM symbol should be an integer more than 1.
It has been agreed that UE specifically configured CSI-RS sequence seed is supported in NR. It proposed in companion contribution [4] that UE-ID or UE group ID can be used to generate the randomizing seed. In LTE, CSI-RS is initialized with         , which is shown below

where        cannot be larger than      (in LTE,                    ). If UE ID or UE group ID is employed to generate the randomizing seed,        should be modified to the overflow problem

where ns is the slot number within a radio frame, l is the OFDM symbol number within the slot,
                   is the UE-specific ID,           is the maximum value of cell/virtual cell ID,          is equal to 1 for normal CP and 0 for extended CP.
CSI-RS Design for Beam Management
To simplify the CSI-RS pattern design while making sufficient network flexibility to support both separate and joint procedure of beam management and CSI acquisition, reusing CSI-RS pattern for CSI acquisition should be the starting point of CSI-RS design for beam management. The benefits of additional CSI-RS pattern should be verified before adoption. 
At RAN1Ad-Hoc #2 meeting, it was agreed that “For beam management, CSI-RS with sub-time units smaller than an OFDM symbol in a reference numerology is not supported in Rel-15”. Since sub-time unit is always equal to an OFDM symbol, multiple CSI-RS resources within one time unit can be configured in FDM or TDM manner, each representing one beam for UE measurement. If using CRI as the beam related feedback, the 2-port CSI-RS patterns agreed for CSI acquisition can be reused. 
Proposal 3: NR should support common design of CSI-RS for CSI acquisition and beam management.
CSI-RS Design for Fine Time/Frequency Tracking
For 1-port CSI-RS, the agreed density can be equal to or larger than 1 RE/port/PRB. One typical use case of density D>1 RE/port/PRB is to constitute the TRS patterns proposed in [5]. 
Figure 3 shows two examples of TRS, one with uniform pattern, the other with staggered pattern. The 1-port uniform pattern is configured by a comb pattern based CSI-RS resource, of which the parameters for the time/frequency locations include b=4, u=[1 0 0 0], v=[1 0 0 0 0 0 1 0 0], where the parameters are defined as follows. 
· Parameter 1: b and u for frequency-domain location of REs
This parameter includes comb value b, and a b-bit bitmap u to indicate which offset RE is occupied. Value '1' means the corresponding RE is configured. 
· Parameter 2: v for time-domain location of REs
This parameter includes number of OFDM symbol for CSI-RS, e.g., then a g-bit bitmap v to identify in which OFDM symbols the subcarriers as indicated in parameter 1 are occupied.
For the 1-port staggered pattern, two 1-port CSI-RS resources are configured in the same slot, with parameters for time/frequency locations shown as follows.
· 1-port CSI-RS resource 1: b=4, u=[1 0 0 0], v=[1 0 0 0 0 0 1 0 0] 
· 1-port CSI-RS resource 2: b=4, u=[0 0 1 0], v=[0 0 1 0 0 0 0 0 1]
               
[image: ]      [image: ]
(a) Uniform pattern                                     (b) Staggered pattern
Figure 3.  Examples of TRS patterns
Proposal 4: One TRS pattern is supported by configuring one or multiple 1-port CSI-RS resources.
Conclusion
In this contribution, we discuss the design and configuration of CSI-RS in NR for multiple functionalities, i.e. CSI acquisition, beam management, fine time/frequency tracking if supported. In summary, the following proposals are made. 
Proposal 1: For an X-port CSI-RS resource with more than 2 ports and N OFDM symbols,  add some other entries to the table of CSI-RS RE patterns:
· X = 4/8/12 with N = 1and (Y, Z) = (4, 1)
· X = 1 with D>1, reuse the CSI-RS pattern agreed for beam management
Proposal 2: The length of PN sequence for CSI-RS per PRB per OFDM symbol should be an integer more than 1.
Proposal 3: NR should support common design of CSI-RS for CSI acquisition and beam management.
Proposal 4: One TRS pattern is supported by configuring one or multiple 1-port CSI-RS resources.
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