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[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]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#AH2 in Appendix [2]-[10], 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, this contribution focuses on summarizing views from companies’ contributions [11]-[33] on CSI-RS mainly for CSI acquisition and beam management.
CSI-RS for CSI Acquisition
CSI-RS RE pattern
Open issues: More component CSI-RS RE patterns and CDM types besides the agreed RE patterns in [10].
Contribution summary:
The views of the above issue along with their supporters can be summarized as follows.
1) The RE mapping pattern of one X-port CSI-RS resource when N=1 OFDM symbol 
· The number(s) of X, besides the agreed values
· X=4: Supported by Qualcomm, Ericsson, ZTE, DOCOMO, Nokia, Alcatel-Lucent Shanghai Bell, LGE, Huawei, HiSilicon
· X=8: Supported by Huawei, HiSilicon, Ericsson, Qualcomm, DOCOMO, Nokia, Alcatel-Lucent Shanghai Bell
· X=12: Supported by Qualcomm, Ericsson, ZTE, Nokia, Alcatel-Lucent Shanghai Bell, Huawei, HiSilicon, Intel
· Additional component CSI-RS RE pattern(s) (Y,Z) for X ports 
· RE pattern(s) (Y,Z) for X=4: 
· (2, 1): Supported by Qualcomm, Ericsson
· (4, 1): Supported by ZTE, DOCOMO, Nokia, Alcatel-Lucent Shanghai Bell, Huawei, HiSilicon, LGE, Intel, Ericsson
· RE pattern(s) (Y,Z) for X=8: 
· (2, 1): Supported by Qualcomm, Ericsson, DOCOMO
· (4, 1): Supported by Nokia, Alcatel-Lucent Shanghai Bell, Huawei, HiSilicon, Intel
· RE pattern(s) (Y,Z) for X=12: 
· (2, 1): Supported by Qualcomm, Ericsson, Intel
· (4, 1): Supported by Nokia, Alcatel-Lucent Shanghai Bell, Huawei, HiSilicon, Intel
· (12, 1): Supported by ZTE
· Additional CDM types for component CSI-RS RE patterns 
· For component pattern (4, 1): 
· FD-CDM2: Supported by ZTE, DOCOMO, Nokia, Alcatel-Lucent Shanghai Bell for X=4, Supported by Nokia, Alcatel-Lucent Shanghai Bell for X=8 and X=12
· FD-CDM4: Supported by DOCOMO, Nokia, Alcatel-Lucent Shanghai Bell, LGE and Huawei, HiSilicon for X=4, Supported by Nokia, Alcatel-Lucent Shanghai Bell and  Huawei, HiSilicon for X=8 and X=12
· For component pattern (12, 1): 
· FD-CDM4: Supported by ZTE
2) The RE mapping pattern of one X-port CSI-RS resource when N=2 OFDM symbol
· The number(s) of X, besides the agreed values
· X=2: Supported by LGE
· X=12: Supported by ZTE, Intel, Samsung, DOCOMO, Ericsson, Nokia, Alcatel-Lucent Shanghai Bell
· X=24: Supported by Ericsson, Samsung, DOCOMO, Ericsson, ZTE
· Additional component CSI-RS RE pattern(s) (Y,Z) for X ports 
· RE pattern(s) (Y,Z) for X=2: 
· (1, 2): Supported by LGE
· RE pattern(s) (Y,Z) for X=12: 
· (2, 2): Supported by ZTE, Intel, Samsung, Ericsson, Nokia, Alcatel-Lucent Shanghai Bell
· RE pattern(s) (Y,Z) for X=24: 
· (2, 2): Supported by Samsung, DOCOMO, Ericsson, LGE
· (12, 2): Supported by ZTE
· Additional CDM types for component CSI-RS RE patterns 
· For component pattern (1, 2): 
· TD-CDM2: Supported by LGE
· For component pattern (2, 2): 
· TD-CDM2: Supported by LGE for X=4, supported by CATT for X=8
· FD-CDM2: Supported by ZTE, Intel, Samsung, DOCOMO, Ericsson, Nokia, Alcatel-Lucent Shanghai Bell for X=12, supported by Samsung, DOCOMO X=24,
· FD-CDM4: Supported by Ericsson, DOCOMO for X=24
· TD-CDM2&FD-CDM2: Supported by ZTE, Intel, Samsung, DOCOMO, Ericsson, Nokia, Alcatel-Lucent Shanghai Bell for X=12, supported by Samsung for X=24
· CDM8: Supported by DOCOMO for X=8, supported by Samsung, DOCOMO, Ericsson for X=24
· For component pattern (12, 2): 
· FD-CDM4: Supported by ZTE
· CDM8: Supported by ZTE (FD4, TD2)
3) The RE mapping pattern of one X-port CSI-RS resource when N=4 OFDM symbol
· The number(s) of X, besides the agreed values
· X=8: Supported by ZTE
· X=16: Supported by Ericsson, DOCOMO, ZTE, CATT
· X=24: Supported by Ericsson, Qualcomm, Samsung, DOCOMO, ZTE
· Additional component CSI-RS RE pattern(s) (Y,Z) for X ports 
· RE pattern(s) (Y,Z) for X=16: 
· (2, 4): Supported by Ericsson
· RE pattern(s) (Y,Z) for X=24: 
· (2, 4): Supported by Qualcomm, Ericsson
· RE pattern(s) (Y,Z) for X=32: 
· (2, 4): Supported by Qualcomm, Ericsson, , Intel
· (4, 2): Supported by ZTE
· Additional CDM types for component CSI-RS RE patterns 
· For component pattern (2, 2): 
· FD-CDM2: Supported by ZTE for X=8, supported by DOCOMO, Ericsson for X=16, supported by ZTE, Qualcomm, Samsung, DOCOMO, Ericsson for X=24
· TD-CDM4: Supported by CATT, DOCOMO, Ericsson for X=16
· TD-CDM2&FD-CDM2: Supported by Qualcomm, Samsung, DOCOMO, Ericsson for X=24
· CDM8: Supported by DOCOMO for X=16 and X=32, supported by Samsung, DOCOMO for X=24  
· For component pattern (2, 4): 
· FD-CDM2: Supported by Ericsson for X=16/24/32
· CDM8: Supported by Ericsson for X=16, supported by Qualcomm, Ericsson for X=24, supported by Intel, , Qualcomm, Ericsson for X=32
· For component pattern (4, 2): 
· CDM8: Supported by ZTE for X=32

Based on the summary of companies’ views, the following proposal can be considered. 
Proposal 1: Adopt the following design criterion for selection of X, N, CDM combinations:
· 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 the agreed {1, 1/2} RE/port/PRB.
· 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) D=1/2
· For X=1: supported by DOCOMO
· For all X>1: supported by DOCOMO, Ericsson
· Only for X=32: supported by Qualcomm
2) D=1/3
· For X=1: supported by DOCOMO
· For all X>1: supported by DOCOMO, Ericsson
· Should be avoided: Qualcomm

Based on the above views, the following proposal can be considered.
Proposal 2: Combinations of other value(s) of D and the number of CSI-RS ports X should be further studied.

CSI-RS for Beam Management
Number of CSI-RS ports and port density
Open issues:
· Number of port number and density
Contribution summary:
The views of the above issues along with their supporters can be summarized as follows.
1) X=1 and 2: supported by CATT, vivo, DOCOMO, Ericsson, Samsung
2) D>1: Huawei, HiSilicon, Samsung, Intel (D=3 for X=1 and D=3/2 for X=2), vivo (D=3), Qualcomm (D=6), Ericsson(including D=1.5)

Based on the above views, the following proposal can be considered.
Proposal 3: Support X=1 and 2 for beam management.

Multiplexing of ports
Open issues: How to support multiplexing of CSI-RS ports, e.g. FDM/CDM.
Contribution summary:
· FDM: CATT, Ericsson, LGE, Samsung, Intel
· FD-CDM: CATT (CDM in terms of CS), LGE, vivo (identical to CSI-RS for CSI acquisition), Huawei, HiSilicon
Sub-band CSI-RS
Open issues: whether to support Sub-band CSI-RS for beam management.
Contribution summary:
1) Subband CSI-RS for beam management
· Supporting: Huawei, HiSilicon, ZTE, Qualcomm (for reporting), Nokia, Alcatel-Lucent Shanghai Bell
· Not supporting: Intel (no smaller than 50% of the full bandwidth)

Common Issues of CSI-RS
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, Ericsson 
· Indexes of OFDM symbols in a 14-symbol slot
· Support  {6th, 7th, 8th, 9th} and {7th, 8th}+{12th, 13th} for N=4; {7th, 8th} for N=2 and {7th} for N=1: E////
· Support any symbol location with PDSCH for CSI-RS placement: Nokia
· 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 locations just after DMRS symbols {3rd, 4th, 5th} or end-loaded: Qualcomm
· Support {6th, 7th, 8th, 9th, 10th, 13th, 14th }: Huawei (at least), HiSilicon

Based on the above views, the following proposal can be considered.
Proposal 4: For the CSI-RS location, support both early and late part in a slot based on RRC configuration

Multiplexing of CSI-RS and other channels/RS
Open issues: Whether support or not overlapping between CSI-RS and other channels/RS.
Contribution summary:
1) Overlapping between CSI-RS and DMRS
· Support overlapping: ZTE, LGE (Baseline is TDM of CSI-RS and SS block/DL DMRS), DOCOMO 
· Not support overlapping: Ericsson, Samsung, Vivo, Qualcomm, MTK
2) Overlapping between CSI-RS and SS
· Support overlapping: Intel (puncture CSI-RS if collision), CMCC, Nokia, Alcatel-Lucent Shanghai Bell, oppo, DOCOMO, vivo 
· Not support overlapping: Ericsson, Samsung, ZTE, Qualcomm (>6GHz)
3) Overlapping between CSI-RS and PDCCH
· Support overlapping: CATT, Qualcomm (<6GHz), oppo, DOCOMO
· Not support overlapping: Ericsson, Samsung, vivo
4) Overlapping between CSI-RS and TRS
· Support overlapping: Ericsson, DOCOMO

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

CSI-RS sequence
Open issues: Design of CSI-RS sequence, including sequence initialization and generation.
Contribution summary:
1) 
On sequence initialization 
· Support different design: ZTE, Huawei, HiSilicon
· Huawei, HiSilicon: consider a large value of UE-specific parameter (e.g., UE-ID) 
· 
ZTE: consider a large value of (e.g., 1007) and slot number per frame (80 for 120 kHz)
· Support design in the same way as LTE: different design: Nokia, Alcatel-Lucent Shanghai Bell
2) On sequence length
· Support different design of sequence length: Huawei, HiSilicon, Nokia, Alcatel-Lucent Shanghai Bell
· Huawei, HiSilicon: support different lengths of each port per PRB >1 for low relativity 
· Nokia, Alcatel-Lucent Shanghai Bell: support different lengths due to the utilization of partial/sub-band CSI-RS
3) Resource-specific sequence
· Support resource-specific CSI-RS mapping: Ericsson

Based on the above views, the following proposal can be considered.
Proposal 5: For the CSI-RS sequence design, at least consider different design on:
· Sequence initialization
· Different sequence length

Conclusions
Based on the summary of both remaining issues and main views from companies’ contributions [11]-[33] for CSI-RS for CSI acquisition and beam management, the following proposals can be considered.
Proposal 1: Adopt the following design criterion for selection of X, N, CDM combinations:
· 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 2: Combinations of other value(s) of D and the number of CSI-RS ports X should be further studied.
Proposal 3: Support X=1 and 2 for beam management.
Proposal 4: For the CSI-RS location, support both early and late part in a slot based on RRC configuration
Proposal 5: For the CSI-RS sequence design, at least consider different design on:
· Sequence initialization
· Different sequence length
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