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[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]During NR SI, CSI-RS have been discussed for various purposes such as CSI acquisition, beam management, mobility support, as captured by [1]. According to the agreements from RAN1#85 to RAN1#89 in Appendix [2]-[9], potential functionalities of CSI-RS can be summarized as follows:
· CSI acquisition
· Beam management
· L3 CONNECTED mode mobility support
· Others, e.g., fine time/frequency tracking, beam failure monitoring, power control, etc.
As the CSI-RS related issues for L3 CONNECTED mode mobility are being discussed in another agenda item “5.1.1.5.2 Measurement based on CSI-RS for L3 mobility”, this contribution focuses on summarizing views from companies’ contributions [10]-[39] on CSI-RS mainly for CSI acquisition and beam management.
CSI-RS for CSI Acquisition
CSI-RS RE pattern
Open issues: CSI-RS RE patterns within a PRB and slot for 1-port and >=8-port up to 32-port CSI-RS including RE pattern aggregation details.
Contribution summary:
The views of the above issues along with their supporters can be summarized as follows.
1) Structure of CSI-RS pattern
· Component pattern based: Huawei, HiSilicon, Intel, CATT, Nokia, Alcatel-Lucent Shanghai Bell, ZTE, Qualcomm, Samsung, LGE
· RPF-4 RE-level combs complemented with CS based CDM: Ericsson
2) Component CSI-RS RE pattern(s) (Y,Z) for X>4 ports
· Support YZ>2: CATT, Huawei (for N=1), HiSilicon, ZTE, Spreadtrum, Intel, Samsung (for N>1), LGE
· (4, 1): CATT, Huawei (for N=1), HiSilicon, ZTE, Spreadtrum, LGE
· (2, 2): CATT, Huawei (for N=2), HiSilicon, ZTE, Spreadtrum, Samsung (for N>1), LGE
· (4, 2):  Huawei (for N=4), HiSilicon, ZTE
· Support YZ=2, i.e. (Y,Z)=(2,1): Samsung (for N=1), Qualcomm
3) The RE mapping pattern of one X-port CSI-RS resource when N=1 OFDM symbol and density D=1 RE/port/PRB
· The minimum number of adjacent REs in frequency domain for X>4 and N=1
· Support 2: CATT, Samsung, Ericsson (X=2/4/8), LGE
· Support 4: Huawei, HiSilicon, ZTE, Intel, Ericsson (X=12)
4) The RE mapping pattern of one X-port CSI-RS resource when N=2 OFDM symbol and density D=1 RE/port/PRB
· The number(s) of X, besides of the agreed values
· Support X=2: LGE ((1, 2))
· Support X=24: CATT, Spreadtrum, Ericsson, Nokia, Alcatel-Lucent Shanghai Bell
· The minimum number of adjacent REs in frequency domain for X>4 and N=2
· Support 2: CATT, Huawei, HiSilicon, ZTE (X=12), Ericsson (X = 4/8/12/16), LGE, Samsung
· Support 4: ZTE (X=8/16), Intel, Ericsson (X=24)
5) The RE mapping pattern of one X-port CSI-RS resource when N=4 OFDM symbol and density D=1 RE/port/PRB
· The number(s) of X, besides of the agreed values
· X=8: Supported by LGE, ZTE
· X=16: Supported by LGE, Huawei, HiSilicon, CATT, Ericsson, Samsung
· X=24: Supported by LGE, CATT, Ericsson, Nokia, Alcatel-Lucent Shanghai Bell, Samsung
· The minimum number of adjacent OFDM symbols L
· L=2: CATT, Intel, Samsung, Ericsson, Nokia, Alcatel-Lucent Shanghai Bell, LGE
· L=4: Qualcomm
· Whether or not supporting a uniform RE mapping pattern wherein the same sub-carriers are occupied in each symbol of one CSI-RS resource 
· Uniform: Intel, Ericsson, Nokia, Alcatel-Lucent Shanghai Bell, Qualcomm
· Non-uniform: CATT, Samsung (uniform across adjacent symbols), Huawei, HiSilicon
· The minimum number of adjacent REs in frequency domain for X>4 and N=4
· Support 2: CATT, ZTE (X=8), Samsung, LGE
· Support 4: Huawei, HiSilicon, ZTE (X=16/32)

Based on the above views, the following proposal can be considered. 
Proposal 1: 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 wherein the same sub-carriers are occupied in the two adjacent OFDM symbols
· FFS: whether the same or different sub-carriers are occupied in the two pairs
Proposal 2: At least for CSI acquisition, for X>4 ports and N=2 and 4 OFDM symbols, support component CSI-RS RE pattern(s) (Y,Z) satisfies YZ>2
· For N=2, (Y,Z)=(2,2)
· For N=4, FFS (Y,Z)= (2,2) or (4,2)
· For N=1, FFS (Y,Z)= (2,1) or (4,1)

CDM
Open issues: Details on CDM-2/-4/-8 including CDM pattern, configuration, etc.
Contribution summary:
The views of the above issues along with their supporters can be summarized as follows.
1) CDM sequence
· Support CS: Ericsson
· Not support CS: Intel
2) CDM pattern for one X-port CSI-RS resource with N OFDM symbols
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Note: the bold characters have been agreed.

Proposal 3: Adopt the following design criterion for selection of X, N, CDM combinations:
· As much as possible, strive for maximum PA utilization in each OFDM symbol by considering the minimum required FD-CDM/FD-TD-CDM value that avoids boosting more than 6 dB

RS RE densities 
Open issues:
· Values of D other than {1, 1/2} RE/port/PRB.
· Detailed configurations for each value of D, including comb offset values for D<1, etc.
· Possible combinations of value(s) of D and the number of CSI-RS ports X.
Contribution summary:
The views of the above issues along with their supporters can be summarized as follows.
1) Comb offset values for D<1
· Different comb offset values for different ports: CATT
· Same comb offset values for different ports: Nokia, Alcatel-Lucent Shanghai Bell, Spreadtrum
2) Supported values of X for D<1
· For D<1, X>=16: Spreadtrum

Based on the above views, the following proposal can be considered.
Proposal 4: For the case of D=1/2, down-select the PRB level comb offset:
· Alt.1. support same comb offset values for different ports
· Alt.2. support different comb offset values for different ports

CSI-RS for Beam Management
CSI-RS RE pattern
Open issues: CSI-RS RE patterns and configuration details of CSI-RS.
· Tx and Rx beam sweeping patterns
· Sub-time unit details including down-selection among options when sub-time units smaller than an OFDM symbol in a reference numerology, e.g. IFDMA, larger subcarrier spacing, DFT-based methods
Contribution summary:
The views of the above issues along with their supporters can be summarized as follows.
1) Size of one time unit
· Equal to or larger than an OFDM symbol in the reference numerology: CATT, LGE, Huawei, HiSilicon, Ericsson
· Equal to an OFDM symbol in the CSI-RS numerology for beam management: Samsung
· Smaller than or equal to or larger than an OFDM symbol in the reference numerology: vivo
2) When sub-time units smaller than an OFDM symbol in the reference numerology, 
· Support option 1 (IFDMA): Ericsson, Intel, Nokia, Alcatel-Lucent Shanghai Bell, LGE, KT Corp, Spreadtrum, NEC, vivo, MediaTek, ITRI
· Support option 2 (larger subcarrier spacing): CATT, ZTE, OPPO, NEC, Huawei, HiSilicon, vivo, Samsung, ITRI, NTT DOCOMO, Nokia, Alcatel-Lucent Shanghai Bell
· Support option 3 (DFT-based): InterDigital
3) When sub-time units equal to an OFDM symbol in the reference numerology or for option 2 (larger subcarrier spacing),
· Reuse the CSI-RS patterns for CSI acquisition: CATT, Huawei, HiSilicon, OPPO, vivo
· Resource unit based CSI-RS pattern with 1/2 ports and cyclical and continuous RE mapping: Samsung
· Reusing the CSI-RS patterns when sub-time unit is smaller than an OFDM symbol in the reference numerology: Intel

Further discussion during the meeting time on the above issues is necessary before achieving consensus.

Multiplexing of ports
Open issues: How to support multiplexing of CSI-RS ports, e.g. FDM/TDM/CDM.
Contribution summary:
· FDM: CATT, LGE, Nokia, Alcatel-Lucent Shanghai Bell, Samsung, Intel
· FD-CDM: CATT (CDM in terms of CS), LGE, Nokia, Alcatel-Lucent Shanghai Bell
Configuration of CSI-RS for beam management
Open issues: CSI-RS configuration to support Tx and/or Rx beam sweeping for beam management 
Contribution summary:
The views of the above issues along with their supporters can be summarized as follows.
Support an additional configuration parameter related to whether the CSI-RS resources in one time unit are of the same or different Tx beam: Huawei, HiSilicon, CATT, OPPO
Support an additional configuration parameter related to number of sub-time unit per Tx beam: Intel
Support UE assumes same Tx beam per port per resource, and UE cannot assume same Tx beam is used for different ports/resources: ZTE

Based on the above views, the following proposal can be considered.
Proposal 5: For beam management, to inform UE of Tx/Rx beam sweeping, further down-select or support  at least the following options:
· Opt-1: an additional configuration parameter related to whether the CSI-RS resources in one time unit are of the same or different Tx beam
· Opt-2: an additional configuration parameter related to number of sub-time unit per Tx beam
· Opt-3: UE assumes same Tx beam per port per resource, and UE cannot assume same Tx beam is used for different ports/resources

Common Issues of CSI-RS
Density D>1
Open issues:
· Whether or not to support density D>1 RE/port/RB for CSI-RS
· If D>1 RE/port/RB is supported, figure out the applied functionalities and the supported value(s) of D 
Contribution summary:
The views of the above issues along with their supporters can be summarized as follows.
· Support X>1 ports: Ericsson, Qualcomm 

Based on the discussion from contributions, further discuss offline is needed for the density issues.

Location of CSI-RS
Open issues: Location of OFDM symbols for CSI-RS transmission.
Contribution summary:
1) Location of CSI-RS in a slot
· Early and/or late part in a slot
· Support both early and late part in a slot: Huawei, HiSilicon, Nokia, Alcatel-Lucent Shanghai Bell, Qualcomm, Samsung, CATT, Ericsson 
· Support  at least early part in a slot: LGE (after PDCCH and front-loaded DMRS), Spreadtrum
· Indexes of OFDM symbols in a 14-symbol slot
· Support {5th, 6th, 7th, 8th, 13th, 14th} for 2-symbol PDCCH: Samsung
· Support {6th, 7th, 8th, 9th, 13th, 14th } for 3-symbol PDCCH: Samsung
· Support {2nd, 4th, 5th, 13th, 14th }: Qualcomm
· Support {6th, 7th, 8th, 9th, 10th, 13th, 14th }: Huawei (at least), HiSilicon
2) Whether support or not overlapping between CSI-RS and other channels/RS
· Support overlapping: Nokia , Alcatel-Lucent Shanghai Bell, LGE (DMRS, PTRS), NTT DOCOMO 
· Not support overlapping: Samsung (with PDCCH/DMRS), ZTE (with PTRS)

Based on the above views, the following proposal can be considered.
Proposal 6: For the CSI-RS location, support both early and late part in a slot based on RRC configuration

CSI-RS sequence
Open issues: Design of CSI-RS sequence, including sequence initialization and generation.
Contribution summary:
· Sequence type
· PN: Huawei, HiSilicon, Ericsson (for CSI acquisition) , Nokia, Alcatel-Lucent Shanghai Bell 
· ZC: Ericsson (for beam management)
· Support UE specifically configured CSI-RS sequence seed: Huawei, HiSilicon, Ericsson, Nokia, Alcatel-Lucent Shanghai Bell

Based on the above views, the following proposal can be considered.
Proposal 7: For the CSI-RS sequence design, at least support:
· PN sequence for CSI-RS sequence
· UE specifically configured CSI-RS sequence seed

Conclusions
Based on the summary of both remaining issues and main views from companies’ contributions [10]-[39] for CSI-RS for CSI acquisition and beam management, the following proposals can be considered.
Proposal 1: 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 wherein the same sub-carriers are occupied in the two adjacent OFDM symbols
· FFS: whether the same or different sub-carriers are occupied in the two pairs
Proposal 2: At least for CSI acquisition, for X>4 ports and N=2 and 4 OFDM symbols, support component CSI-RS RE pattern(s) (Y,Z) satisfies YZ>2
· For N=2, (Y,Z)=(2,2)
· For N=4, FFS (Y,Z)= (2,2) or (4,2)
· For N=1, FFS (Y,Z)= (2,1) or (4,1)
Proposal 3: Adopt the following design criterion for selection of X, N, CDM combinations:
· As much as possible, strive for maximum PA utilization in each OFDM symbol by considering the minimum required FD-CDM/FD-TD-CDM value that avoids boosting more than 6 dB
Proposal 4: For the case of D=1/2, down-select the PRB level comb offset:
· Alt.1. support same comb offset values for different ports
· Alt.2. support different comb offset values for different ports
[bookmark: _GoBack]Proposal 5: For beam management, to inform UE of Tx/Rx beam sweeping, further down-select or support  at least the following options:
· Opt-1: an additional configuration parameter related to whether the CSI-RS resources in one time unit are of the same or different Tx beam
· Opt-2: an additional configuration parameter related to number of sub-time unit per Tx beam
· Opt-3: UE assumes same Tx beam per port per resource, and UE cannot assume same Tx beam is used for different ports/resources
Proposal 6: For the CSI-RS location, support both early and late part in a slot based on RRC configuration
Proposal 7: For the CSI-RS sequence design, at least support:
· PN sequence for CSI-RS sequence
· UE specifically configured CSI-RS sequence seed
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