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Leftover from online session

Offline agreements:
· Support configuring CSI-RS resource on BWP with a transmission BW equal to or smaller than the BWP. When the CSI-RS BW is smaller than the 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. 
· When CSI-RS BW is smaller than the corresponding BWP, it should be larger than X RBs (FFS: value of X)
· FFS: Whether the value of X is same or different for beam management and CSI acquisition
· FFS: The value of X may or may not be numerology-dependent

Offline working assumption:
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).
Continue discussions on proposal 5.


R1-1718971 WF on CSI-RS periodicity and offset Samsung, CATT, MTK, LGE, CHTTL
Offline agreements:
· NR supports the following CSI-RS transmission periodicities at least
· {[1], 2, 5, 10, 20, 40, [80]} ms
· Note: {[1], 2} ms may be used for some SCS other than 15kHz

Proposals
· NR supports the following CSI-RS transmission offsets according to the numerologies 
· For SCS of 15 kHz, the same values of slot offsets of LTE are supported at least
· For SCS of N*15kHz, N times number of slot offsets of LTE are supported at least


WF from Huawei, HiSilicon
Proposal:
·  is network configurable and is at least 16 bits. 
· FFS:  has a default value if not configured by network.


WF from LG Electronics, Samsung, CATT, MediaTek
Proposal:
· For {X=24, 32}-port CSI-RS which span N=4 OFDM symbols, 
· NR supports different number of component CSI-RS RE patterns between two pairs where each pair is composed of two adjacent OFDM symbols.


Remaining issues

Companies are encouraged to provide their views on the following issues:
· Sequence design
· Gold
· Seems no other proposal
· Length
· Alt-1: 31
· Alt-2: 63
· Sequence initialization where  may be a function of the following parameters
· Note: Already agreed to the seed  is UE-specifically configured
· Scrambling ID
· [bookmark: _GoBack]Number of bits
· E.g., 16 bits, 10 bits (analogous to LTE)
· Timing information
· E.g., OFDM symbol index within a slot
· E.g., slot index
· Frequency information
· E.g., subcarrier index within an RB and RB index
· E.g., RB index
· Subcarrier spacing
· CP type, e.g., NCP, ECP
· Mapping of sequence values to CSI-RS REs
· E.g., per RE
· E.g., per RB
· E.g., per OFDM symbol
· E.g., per slot
· Periodicity and offset
· Periodicity
· 1 ms
· [80] ms
· Other values
· Offset
· E.g., the same values of slot offsets of LTE, for SCS of 15 kHz
· E.g., N times number of slot offsets of LTE, for SCS of N * 15 kHz
· E.g., the same values of slot offsets of LTE, for all SCS
· Densities for CSI-RS, i.e., 
· For X = 1
· Note:  = 1 is already agreed
· E.g., 3/2, 2, 3, 4, 6, 12
· For X = 2 for BM
·  = 1 (subject to RAN4 feedback)
· Indication of D if multiple
· Whether CDMed ports within one resource is QCLed or not?
· For {X=24, 32}-port CSI-RS which span N=4 OFDM symbols, 
· Whether or not to use support different number of component CSI-RS RE patterns between two pairs where each pair is composed of two adjacent OFDM symbols
· Additional symbol location for CSI-RS within a slot
· Other OFDM symbols, in addition to {6, 7, 8, 9, 10, 11, 13, 14}-th OFDM symbol
· Note: the symbol locations assume that symbol indexing starts at 1.
· Configuration parameters for CSI-RS bandwidth
· Values of N, X
· Note: N and X are from the offline agreements in RAN1#90bis
· Allowed CSI-RS-to-PDSCH power offset values
· E.g., same values as in LTE
· Configuration parameters for ZP CSI-RS resources
· Subject to the outcome of today

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

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

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
· 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 (?)

Additional symbol location for CSI-RS

· 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

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
· 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



