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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#90 in Appendix [2]-[11], 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 [12]-[23] on CSI-RS mainly for CSI acquisition and beam management.
CSI-RS for CSI Acquisition
On CSI-RS component pattern
Open issues: 
· Study whether or not components are allowed to be non-adjacent in frequency.
· Study whether to keep a uniform RE mapping pattern for N=4.
· Study whether to add more component CSI-RS RE patterns and CDM types besides the agreed RE patterns in [11].
· Frequency location of CSI-RS component.
Contribution summary:
The views of the above issues along with their supporters can be summarized as follows.
1) Components patterns are allowed to be non-adjacent in frequency   
· Supported by Huawei, HiSilicon, CATT, DOCOMO, Ericsson, LGE
2) Uniform RE mapping across all 4 symbols for N=4   
· Supported by Huawei, HiSilicon, CATT, Ericsson
3) Component CSI-RS RE patterns and CDM types besides the agreed RE patterns in [11],   
· The RE mapping pattern of one X-port CSI-RS resource when N=2 OFDM symbol
· Additional component CSI-RS RE pattern(s) (Y,Z) for X ports
· RE pattern(s) (Y,Z) for X=2 
· (1, 2): Supported by vivo
· RE pattern(s) (Y,Z) for X=4 
· (2, 2): Supported by vivo, Ericsson, ZTE
· The CDM types for additional component CSI-RS RE patterns 
· For component pattern (1,2): 
· TD-CDM2: Supported by LGE
· For component pattern (2, 2): 
· FD-CDM2: Supported by ZTE, vivo, Ericsson for X=4,
· TD-CDM2&FD-CDM2: Supported by vivo, Ericsson for X=4,
· The RE mapping pattern of one X-port CSI-RS resource when N=4 OFDM symbol
· New RE mapping scheme for CDM
· For CDM8, at least one of the following two options is supported by Samsung:
· CDM-8(FD2, TD4) can span both adjacent/non-adjacent N=4 OFDM symbols,
· Support at least one non-square CDM-8 pattern(s), e.g. CDM-8 by (FD1, TD2) + (FD3, TD2),
4) On frequency location of CSI-RS component:
· The starting subcarrier position of a CSI-RS component is
· Specified with a granularity of maximum two subcarriers: Ericsson
· A multiple of Y with component (Y, Z): Intel
Based on the summary of companies’ views, the following proposal can be considered. 
Proposal 1: NR should support non-adjacent mapping of CSI-RS components in frequency domain.
Proposal 2: Uniform RE mapping across all 4 symbols for N=4 should be supported.
CSI-RS port mapping and assignment
Open issues: 
· Study port mapping/indexing scheme within CDM groups.
Contribution summary:
The views of the above issue along with their supporters can be summarized as follows.
1) On port assignment to a CDM group
· CSI-RS ports of the same polarization should be CDM-ed:
· Supported by CATT, Ericsson, ZTE
· Cross polarized antennas belong to the same (Y, Z) components:
· Supported by Intel
2) Port assignment to CDM groups/components
· Port mapping/assignment order: CDM->frequency->time domain
· Supported by ZTE, Ericsson
Signaling details for indicating CSI-RS component location
Open issues: 
· Study the indication scheme of CSI-RS component location.
Contribution summary:
The views of the above issue along with their supporters can be summarized as follows.
1) On indication of CSI-RS component:
· Indicate a special RE location 
· Supported by CATT (Location of the RE with the lowest subcarrier index and the lowest OFDM symbol index within one CSI-RS configuration)
· Bit-map indication schemes 
· Supported by Intel, Huawei, HiSilicon
· Indicate relative RE distance between component RE patterns 
· Supported by LGE
CSI-RS for Beam Management
CSI-RS port density
Open issues:
· Study the port density of CSI-RS
Contribution summary:
The views of the above issues along with their supporters can be summarized as follows.
1) D=1.5 for X=1: supported by oppo
2) D=1.5 for X=2: supported by oppo, Intel
3) D=3 for X=1: supported by Intel
4) D ≤ 3: supported by vivo
5) D < 1 when CSI-RS transmission bandwidth is less than M PRBs: supported by Qualcomm
6) Support larger densities by Nokia:
· X=1, D=12 with M=25 and SCS=15KHz (5MHz)
· X=1, D={12, 6} with M=50 and SCS=15KHz (10MHz)
· X=1, D={12,6,3} with M=100 and SCS=15KHz (20MHz)
Partial band CSI-RS
Open issues:
· Study and conclude whether to support partial band CSI-RS transmission
Contribution summary:
The views of the above issues along with their supporters can be summarized as follows.
1) Support partial band CSI-RS transmission:
· Supported by Huawei, HiSilicon, ZTE, DOMOCO, Qualcomm 
2) Support the bandwidth of CSI-RS not be smaller than 50% of the full bandwidth:
· Supported by Intel 
Based on the summary of companies’ views, we propose the following. 
Proposal 3: Support transmitting CSI-RS spanning a bandwidth smaller than the activated bandwidth part.
CSI-RS pattern for beam management
Open issues:
· Study and conclude whether to support common design of CSI-RS pattern for acquisition and beam management
Contribution summary:
The views of the above issues along with their supporters can be summarized as follows.
1) Support common pattern design:
· For X=1: supported by Huawei, HiSilicon, Ericsson
· For X=2: supported by Huawei, HiSilicon 
Based on the summary of companies’ views, the following proposal can be considered. 
Proposal 4: Support common patterns design for CSI acquisition and beam management for X=1 and X=2 ports.
CSI-RS configuration for beam management
Open issues:
· Study the configuration of CSI-RS resources for DL BM procedures P1/P2/P3
Contribution summary:
1) The higher layer information element (IE) state ‘OFF’ for P2
· Support: Nokia, ZTE, Huawei, HiSilicon, [Samsung]
2) The higher layer information element (IE) state ‘ON’ for P3
· Support: Nokia, ZTE, Huawei, HiSilicon, [Samsung]
3) The higher layer information element (IE) state ‘ON’ for P1
· Support: ZTE
· Opposite: Huawei, HiSilicon (should keep it at OFF for P1, otherwise need to report CSI-RS resource set ID instead of CRI, makes the procedure more complicated)
4) Include time-domain location indication for N symbols in resource setting configuration
· Support: Samsung
5) Bitmap indicating the number resources per symbol in resource setting configuration
· Support: Samsung
6) Predetermined set parameters including (Samsung)
· 	D: number of OFDM symbols configured for CSI-RS transmission;
·  	K: number of configured resources per OFDM symbol
· 	Comb-offset: Starting subcarrier offset for the RE mapping within the configured CSI-RS BW
Common Issues of CSI-RS
Location of CSI-RS
Open issues: 
· Study and conclude locations of OFDM symbols for CSI-RS transmission.
Contribution summary:
The views of the above issues along with their supporters can be summarized as follows.
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
· OFDM symbols {3}, {4}, {5} for N=1, {3, 4} and {4, 5} for N=2, the locations of the first two symbols for N=4 are the same as the locations of N = 2, counting from 0 for sub-6G, or late part of a slot for above 6G: supported by Qualcomm
· (n+1)th-14th symbol of a 14-symbol slot, where n is the location of the last symbol of the front-loaded DMRS, earlier symbols can further be considered: supported by Huawei, HiSilicon
· OFDM symbols {5, 6, 7, 8, 13, 14} (counting from 1) for X=2/4: supported by Samsung
· OFDM symbols {6, 12} (counting from 0) for N=1, {6, 7} and {12, 13} for N=2, {5, 6, 7, 8} and {10, 11, 12, 13} for N=4: supported by vivo
· First symbol index l0 from the set {5,7,9,12} for N=2; For N=4, allow any combination of the symbol pairs defined for N=2: supported by Ericsson
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)
2) On sequence length
· Support different design of total sequence length: Huawei, HiSilicon, ZTE
· Huawei, HiSilicon: support different lengths of each port per PRB >1 for low relativity 
· ZTE: support a long sequence by Kronecker product between two Gold sequences, where the length of the first one is the maximal number of PRBs, and the second length is 12
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 total sequence length
Conclusions
Based on the summary of both remaining issues and main views from companies’ contributions for CSI-RS for CSI acquisition and beam management, the following proposals can be considered.
Proposal 1: NR should support non-adjacent mapping of CSI-RS components in frequency domain.
Proposal 2: Uniform RE mapping across all 4 symbols for N=4 should be supported.
Proposal 3: Support transmitting CSI-RS spanning a bandwidth smaller than the activated bandwidth part.
Proposal 4: Support common patterns design for CSI acquisition and beam management for X=1 and X=2 ports.
Proposal 5: For the CSI-RS sequence design, at least consider different design on:
· 
Sequence initialization 
· Different total sequence length
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