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Introduction

According to the TR [1] and previous agreements in [2]-[12], CSI-RS can be used for CSI acquisition, beam management, L3 mobility, fine time/frequency tracking, power control, etc. This contribution summarizes companies’ views on CSI-RS under the AI of 7.2.3.2 [13]-[25].

Key issue 1: Sequence for CSI-RS

· QPSK modulated CSI-RS is derived from the 
· length-31 Gold sequence (same as in LTE)
· ZTE, Sanechips, Ericsson
· length-63 Gold sequence
· Intel
· Sequence length per PRB per OFDM symbol is larger than 1
· HW, HiSi
· Kronecker product between two Gold sequences, where length of the 1st Gold sequence is the maximum number of PRBs, while that for the 2nd Gold sequence is 12
· ZTE, Sanechips
· Sequence for CSI-RS for beam management as a function of CSI-RS resource index
· CATT
· Sequence computed relating to the position of the CSI-RS resource in the carrier-wide resource grid
· E///
· RS symbols for CSI-RS are extracted from the sequence r(m) indexed by subcarrier rather than PRB
· E///
· Initialize RS sequence generator for CSI-RS based on at least a UE specifically configured ID and a symbol counter with a wrap-around of several slots
· E///
· Permutation of CDM codes in every Nth RB to solve the power imbalance problem for beamformed CSI-RS
· Intel, Ericsson
· OCC in frequency across CDM groups within a PRB
· Intel

Observation: The views on sequence for CSI-RS are still divergent and more discussions are needed. 

Key issue 2: Frequency location of CSI-RS

· Spanning BW of CSI-RS
· Alt-1: Can be smaller than activated BWP
· HW, HiSi, ZTE, Sanechips, DCM (same as subband for CSI feedback), E///
· Alt-2: Always full BW of BWP
· Intel
· Starting subcarrier of CSI-RS within an RB
· Alt-1: Even (indexed from 0)
· HW, HiSi, vivo, SS, CATT, QC, E///, Nokia, NSB (?)
· Alt-2: Multiple of Y
· Intel
· Alt-3: Multiple of 4 for X = 4
· CATT
· Alt-4: Arbitrary subcarrier (1-RE granularity)
· LG

Proposal 1: Support transmitting CSI-RS spanning a bandwidth equal to or smaller than the activated bandwidth part. When the spanning BW is smaller than the activated BWP, support at least the case that CSI-RS spans contiguous RBs in the granularity of N RBs, where the value of N is FFS. 

Proposal 2: The starting subcarrier of a CSI-RS component RE pattern is constrained to be one among even subcarriers, in the given PRB (indexed from 0).

Key issue 3: Symbol location of CSI-RS

· At least {8, 9, 10, 11}-th symbol in a slot, in addition to the {6, 7, 13, 14}-th symbol
· E///, HW, HiSi, ATT, LG, SS, ZTE, Sanechips
· Others
· 3rd
· LG, ZTE, Sanechips
· 4th
· LG, ATT, QC, ZTE, Sanechips
· 5th
· LG, ATT, QC, vivo (2-symbol PDCCH) , ZTE, Sanechips
· 12th
· SS, LG, ATT, ZTE, Sanechips, vivo
· Earlier than 6th OFDM symbol
· Nokia, NSB, ZTE, Sanechips, vivo
· (n+1)th to 14th symbol, n is the last symbol of the front-loaded DMRS
· HW, HiSi

Proposal 3: At least {8, 9, 10, 11}-th OFDM symbol in a slot structure can be configured for CSI-RS transmission, in addition to the {6, 7, 13, 14}-th OFDM symbol. Note: the symbol locations assume that symbol indexing starts at 1.

Key issue 4: Indication of CSI-RS locations

· Predefine CSI-RS configurations in frequency domain. The locations of the component RE patterns are signaled by combining the configuration index and OFDM symbol index
· CATT
· Starting subcarrier indicated by a 12/Y bitmap with position “p” indicating starting subcarrier of “pY”
· Intel
· 1-RE granularity for indicating starting symbol
· LG

Observation: The views on indication of CSI-RS locations are still divergent and more discussions are needed. 

Key issue 5: Density for CSI-RS

Note: Value of D>=1 represents RE/RB/port within a OFDM symbol

· X = 1
· D=6
· SS
· D = 3
· Intel, vivo (<=3), SS
· D = 3/2
· OPPO, SS
· [bookmark: _GoBack]D = 12, with M = 25 and SCS = 15KHz (5MHz) 
· Nokia, NSB 
· D = {12, 6}, with M = 50 and SCS = 15KHz (10MHz)
· Nokia, NSB
· D = {12, 6, 3}, with M = 100 and SCS = 15KHz (20MHz)
· Nokia, NSB
· X = 2
· D = 3/2 and No CDM
· Intel, OPPO (?)

Observation: The views on feasible densities for CSI-RS are still divergent and more discussions are needed. 

Key issue 6: Port indexing for CSI-RS

· Assign CSI-RS port number within CDM group first, then across CDM groups. 
· FFS: The order of CDM groups.
· FFS: Additional mapping order of frequency -> time-> CDM group.
· QC, HW, HiSi, SS, vivo, CATT, E///, ZTE, Sanechips 
· Assign CSI-RS port number across CDM groups first, then time or frequency
· ZTE, Sanechips
· Relation between number of APs configured for NZP CSI-RS resource (P) and number of APs configured for CSI acquisition and reporting N1*N2*2 
· Alt-1: Always equal, N1*N2*2 = P (analogous to LTE)
· vivo, SS, QC, E///
· Alt-2: Can be different, N1*N2*2 <= P
· LG, Intel
· CSI-RS ports for different polarizations are within a CDM group
· vivo
· Cross-polarized antennas are mapped to same component patterns
· Intel

Proposal 4: Support assigning CSI-RS port index within a CDM group first, then across CDM groups (analogous to LTE). FFS: order of CDM groups, e.g., frequency first or time first.
Proposal 5: Number of APs configured for NZP CSI-RS resource (P) is always equal to number of APs configured for CSI acquisition and reporting, i.e., N1*N2*2 = P (analogous to LTE).


Others

· Non-uniform RE mapping patterns across N=4 OFDM symbols at least for X-port (X>=24) CSI-RS
· Support: LG, SS
· Object: HW, HiSi, E///, ZTE, Sanechips
· Multiplexing between CSI-RS & other RS/channel (to be discussed under AI of 7.2.3.1)
· Multiplexing between CSI-RS and SSB
· Support: HW, HiSi, vivo, LG, OPPO, DCM, ATT, E///, SS
· Object: QC
· Multiplexing between CSI-RS (outside CORSET) and CORSET
· Support: HW, HiSi, vivo, OPPO, DCM, QC, E///, ZTE, Sanechips
· Object: SS
· Mapping to symbols on which additional DMRS may appear but not configured
· HW, HiSi, vivo, CATT, DCM, ATT, SS
· Additional component pattern
· For X = 2, (Y, Z) = (1, 2) with TD-CDM2, at least for below 6GHz.
· vivo
· For X = 4, (Y, Z) = (2, 2)
· vivo, E///, ZTE, Sanechips
· RE sharing between CSI-RS of different number of ports
· vivo
· Power boosting for CSI-RS
· vivo, Nokia, NSB
· CDM-8 (FD2, TD4) can span both adjacent/non-adjacent N=4 OFDM symbols
· SS
· At least one non-square CDM-8 pattern(s), e.g. CDM-8 by (FD1, TD2) + (FD3, TD2)
· SS
· CDM among different CSI-RS resources
· CATT

Conclusion

The proposals in this paper are summarized as follows:

Proposal 1: Support transmitting CSI-RS spanning a bandwidth equal to or smaller than the activated bandwidth part. When the spanning BW is smaller than the activated BWP, support at least the case that CSI-RS spans contiguous RBs in the granularity of N RBs, where the value of N is FFS. 

Proposal 2: The starting subcarrier of a CSI-RS component RE pattern is constrained to be one among even subcarriers, in the given PRB (indexed from 0).

Proposal 3: At least {8, 9, 10, 11}-th OFDM symbol in a slot structure can be configured for CSI-RS transmission, in addition to the {6, 7, 13, 14}-th OFDM symbol. Note: the symbol locations assume that symbol indexing starts at 1.

Proposal 4: Support assigning CSI-RS port index within a CDM group first, then across CDM groups (analogous to LTE). FFS: order of CDM groups, e.g., frequency first or time first.

Proposal 5: Number of APs configured for NZP CSI-RS resource (P) is always equal to number of APs configured for CSI acquisition and reporting, i.e., N1*N2*2 = P (analogous to LTE).

Agreements in RAN1#AH1709

R1-1716728	Summary of views on NR CSI-RS	Huawei, HiSilicon
Agreement:
NR should support non-adjacent mapping of CSI-RS components in frequency domain.
· The REs in each CSI-RS component should be adjacent
Uniform RE mapping across all 4 symbols for N=4 is supported.
· Support of non-uniform case is FFS

R1-1716848	WF on reference signals for ECP	Huawei, HiSilicon, MediaTek, Vivo, Intel, Ericsson
Agreement:
For ECP, NR supports the following: 
· CSI-RS reuses NCP CSI-RS resources 
· For beam management purpose, reuse 1-port NCP CSI-RS for beam management
· For beam management purpose, reuse 2-port NCP CSI-RS with D=1 for ECP in Rel-15 subject to RAN4 feedback
Send LS to RAN4 to request feedback on the following issues (Huawei, Xi):
· Feasibility of 2-port ECP/NCP CSI-RS with D=1 for beam management
· Feasible densities of 1-port ECP/NCP CSI-RS for beam management

R1-1716782	Way forward on CSI-RS	Samsung, NTT DOCOMO, Intel, Qualcomm, LGE, ZTE, Sanechips, Ericsson, Nokia, NSB, CATT
Agreement:
All slides in R1-1716782 with the following revision to slide 5
· Down-select among the following options
· Opt. 1: The starting subcarrier of a CSI-RS component RE pattern is constrained to be one among even subcarriers, in the given PRB
· Opt. 2: The starting subcarrier of a CSI-RS component RE pattern is not constrained, subcarrier in the given PRB. 
· FFS, additional constraints, e.g. considering size of the component RE pattern
· At least {6th,7th, 13th, 14th} OFDM symbol in a slot structure can be configured for CSI-RS transmission
· Note: The dependency of CSI reporting timing on the CSI-RS OFDM symbol locations will be discussed separately
· FFS: additional OFDM symbol locations

R1-1716919	[Draft] LS on CSI-RS patterns and densities	Huawei	
Agreed in R1-1716744
ACTION: RAN1 respectfully asks RAN4 to provide input on feasibility of 2-port ECP/NCP CSI-RS with D=1, and feasible densities of 1-port ECP/NCP CSI-RS, for beam management purposes. 
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