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Introduction
In RAN1#88, the following agreements were made [1]: 
	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

Agreements:
· For beam management overhead and latency reduction, NR considers following options for a CSI-RS supporting beam sweeping within an OFDM symbol
· Opt-1: IFDMA [e.g., R1-1700350, R1-1703179]
· Opt-2: Larger subcarrier spacing [e.g., R1-1700350, R1-1701813]
· Opt-3: DFT-based [e.g., R1-1702329, R1-1703179]
· Other options are not precluded
· If supported, down-selection among the options during WI phase
· Note: the symbol duration is based on a reference numerology



Based on the submitted contributions in RAN1#88bis for this agenda item ([2]-[25]), the following issues are identified and summarized in the following sections.   
1. CSI-RS pattern for CSI acquisition
2. CSI-RS pattern for beam management
3. CSI-RS sequence
4. CSI-RS position
5. CSI-RS density

CSI-RS pattern for CSI acquisition
In terms of CSI-RS pattern design at least for CSI acquisition, the views of each issue along with their supporters can be summarized as follows.

The RE pattern of one X-port CSI-RS resource at least for CSI acquisition
· Candidate 1: Huawei, HiSilicon, Intel, ZTE, ZTE Microelectronics 
· For density 1 RE/port/PRB, when X=2, 4 or 8, strive to design one X-port CSI-RS resource composed of M adjacent RE(s) in the frequency domain and N adjacent RE(s) in the time domain, satisfying X=MN
· Non-adjacent symbols for one CSI-RS resource should be avoided, unless the REs of the CSI-RS resource collide with other channels or RSs
· [bookmark: _GoBack]One CSI-RS resource is composed of one component CSI-RS RE pattern
· Study the values of M and N supported for each value of X
· X=2, (M, N)= e.g., (2, 1), (1, 2)
· X=4, (M, N)= e.g., (4, 1), (2, 2), (1, 4)
· X=8, (M, N)= e.g., (8, 1), (2, 4), (4, 2)
· Candidate 2: Samsung, Ericsson, Xinwei, Qualcomm
· At least for N=2 OFDM symbols, the RE mapping pattern of the CSI-RS resource is the same in both symbols
· FFS RE mapping patterns for N=4 OFDM symbols

Component CSI-RS RE pattern(s) at least for CSI acquisition
· Candidate 1: Multiple component patterns: ZTE, ZTE Microelectronics, ASTRI, Huawei, HiSilicon, Intel
· Candidate 2: Samsung, Ericsson, Xinwei, Qualcomm
· Strive to minimize the possible pairs of (Y, Z) for the component CSI-RS RE patterns
· Support (Y,Z)=(2,1) at least for CSI acquisition purpose
· FFS other pairs of (Y, Z)
· Taking into account various aspects such as support of beam management 

CDM size
· Candidate 1: CDM-2, CDM-4, and CDM-8: Samsung, Ericsson, Xinwei, Qualcomm, LGE
· Candidate 2: At least CDM-2, CDM-4 and CDM-8, and CDM size can be configured: ZTE, ZTE Microelectronics, ASTRI, Intel
· Candidate 3: CDM-2, CDM-4, CDM-8 and no CDM, and CDM size can be configured: Huawei (for at least port 1), HiSilicon

CDM pattern
· Candidate 1: Samsung, Ericsson, Xinwei, Qualcomm
· OCC-2 over the component CSI-RS RE pattern with (Y, Z)=(2, 1)
· Within a CSI-RS resource composed by multiple component CSI-RS RE patterns, OCC can span one or more component RE patterns
· Candidate 2: Huawei, HiSilicon, ZTE, ZTE Microelectronics, Intel, LGE
· To be down-selected between the following two options
· Option 1: one CDM pattern can spread across multiple components
· Option 2: one CDM pattern cannot spread across multiple components 

CSI-RS pattern for beam management
In terms of CSI-RS pattern design at least for beam management, the views of each issue along with their supporters can be summarized as follows.

Size of one sub-time unit
· Candidate 1: Equal to one symbol: Huawei, HiSilicon, LGE
· Candidate 2: Intel, Ericsson, InterDigital, OPPO, CATT, Samsung,
· Smaller than or equal to one symbol based on a reference numerology
· FFS: allowed number of sub-time units per OFDM symbol, e.g. 2, 4, 6, .... 

Sub-time unit partition
· Support: Intel, Ericsson, InterDigital, OPPO, CATT, Samsung
· Support at least one of the following options for sub-time unit partition
· Opt-1: IFDMA 
· Opt-2: Larger subcarrier spacing 
· Opt-3: DFT-based 
· Not support: LGE (need more discussion)

The RE pattern of one X-port CSI-RS resource for beam management
· Candidate 1: Samsung
· The CSI-RS can be mapped on the full set of REs in each (sub)time unit in the FDM manner in the CSI-RS BW, with cycling all the configured CSI-RS ports across the REs in the frequency domain. 
· Candidate 2: Huawei, HiSilicon
· X=2, 4, 8: component CSI-RS RE pattern (Y, Z) = (X, 1)
· Candidate 3: LGE
· For beam management, OFDM symbol only contains CSI-RS with considering the beam sweeping.

Configuration parameters for a set of CSI-RS resources for beam management at least include
· Candidate 1: Samsung
· Starting OFDM symbol index in a time slot 
· A number of antenna ports per resource mapped in each (sub)time unit, NP = 1, 2, …, [8] 
· A number of CSI-RS resources over consecutive (sub)time units 
· A number of sub-time units in a time unit 
· Candidate 2: Huawei, HiSilicon
· Configuration of CSI-RS resource(s) per time unit
· The Sweeping type
· TU-TXS: Tx beams are different within one time unit
· TU-RXS: Tx beams are the same within one time unit
· The number of time units per beam sweeping cycle

CSI-RS position
In terms of location of CSI-RS in one slot, the views along with their supporters can be summarized as follows.

· Early or later part in one slot: Huawei, HiSilicon, Intel, CATT, Samsung (early or last), Nokia (early or last), Alcatel-Lucent Shanghai Bell, Qualcomm (early for below 6GHz, later for above 6GHz)

CSI-RS sequence
In terms of configurable CSI-RS sequence ID without fixed association to a cell index, the views along with their supporters can be summarized as follows.

· Support: Nokia, Alcatel-Lucent Shanghai Bell, Huawei, HiSilicon, Intel

CSI-RS density
In terms of CSI-RS density d RE/RB/port for x-port CSI-RS at least for CSI acquisition, the views of each issue along with their supporters can be summarized as follows.

· Value(s) of d 
· At least d=1,1/2: LGE, InterDigital, Intel, ITRI
· d>1: Ericsson, CATT, ZTE (d=2,3,4,6,12), ZTE Microelectronics, Huawei (at least for 1, 2 ports), HiSilicon
· For d<1, density reduction schemes:
· Candidate 1: PRB-level decimation: LGE, Huawei, HiSilicon, Interdigital
· Candidate 2: Reducing REs per PRB: Huawei, HiSilicon
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