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This document provides a list with remaining issues on DM-RS for NR based on the previous agreements captured in the Rel-14 SI [1] and the RAN1#86 to RAN1#89 Chairman’s notes shown in Appendix [2]-[8].
Remaining issues on NR DM-RS
1 
2 
3 
The remaining issues for NR DM-RS, at least based on the “study, or FFS, or consider” agreements [2]-[8], are summarized below:

· Progress is needed with respect to the working assumption achieved in the previous meeting. 
· Configuration 1 and 2 downselection of alternatives.
· Additional clarifications are needed.

· Position of front-load DMRS

· DMRS configuration for broadcast PDSCH channel

· For DL CP-OFDM, if one additional DMRS exists, 
· Location of additional DMRS for non-self-contained ACK/NAK slots 
· Additional DMRS position for 14-symbol slot
· Consider symbol 12th, 11th, 10th, 9th

· For self-contained ACK/NAK, 7-symbol and 14-symbol slot, downs
· For 7-symbol slot. down selection should be done in next meeting
· Alt.1:   Only support front loaded DMRS
· Alt.2 :  Support  front loaded DMRS +additional DMRS
· Alt.3 :  Configurable between Alt.1 and Alt.2
· For  14-symbol slot, down selection should be done in next meeting
· Alt.1:   Only support front loaded DMRS
· Alt.2 :  Support  front loaded DMRS +additional DMRS
· Alt.3 :  Configurable between Alt.1 and Alt.2

· Additional DL DMRS locations, if more than one additional DMRS exists, and maximum number of additional DMRS that can be configured.
· Note: Additional DMRS for UL is captured as a remaining issue later in this list.

· Regarding DL DMRS configurability mechanisms
· Decide whether to use mechanism for UE-assisted DMRS configuration
· Agree on details related to signaling aspects of the DMRS configuration

· In case of DL DMRS bundling in time domain, decide whether to support further overhead reduction of DMRS 

· Agree on details for the supported PN sequences for CP-OFDM, and whether ZC-sequences for CP-OFDM will be supported also.

· Remaining issues related to UL DMRS: 
· At least for CP-OFDM, decide a common DMRS structure for DL and UL where the exact DMRS location, DMRS pattern, and scrambling sequence can be the same or different 
· Decide the DMRS pattern for UL DFT-S-OFDM waveform
· Decide the sequence type, for example, ZC or PN, for UL CP-OFDM
· Details for the supported sequence for UL CP-OFDM 
· Details for the supported ZC-sequences for UL DFT-S-OFDM DMRS
· Details of additional DMRS for UL
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· Regarding the issue of collision between DC subcarrier and UL DMRS:
· Evaluate and analyze whether it can be solved by implementation or if DMRS design needs to take DC subcarrier into account

· DMRS design for 60 KHz ECP 
· DMRS pattern for ECP slot
· Decide whether to configure different DM-RS patterns for a UE

· DMRS design for mini-slots
· Decide which DMRS format/structure/configuration for slot-level data channel is re-used for mini slot-level data channel
Decide whether the location of front-loaded DL DMRS is fixed or not regardless of the first symbol location of PDSCH.

· Design of demodulation RS for control channel and data channel
· Separate vs. joint design

· Decide whether all DMRS patterns should include front-loaded DMRS or not
· DM-RS power boosting: UE assumption on DM-RS to PDSCH EPRE ratio
· Control signalling for DMRS antenna port indication
· Collision handling of DMRS with PSS/SSS, CSI-RS (if any collision is possible). 


Companies position on the WA’s down selection
Configuration 1 – One symbol
· Alt. 1: Comb 2 + 2-CS, up to 4 ports
· Ericsson, LG, HW, ZTE, Spreadtrum, Mediatek, Docomo, Samsung, Interdigital, 
· Alt. 2: Comb 4 + 2-CS, up to 8 ports
· Nokia, Xinwei, Qualcomm, China Telecom

Configuration 1 – Two symbols
· Alt.1 (Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports)
· HW, ZTE, LG, Docomo, Interdigital, Xinwei, Spreadtrum, China Telecom, Samsung, MediaTek
· Alt.3 (Comb 4 + 2 CS + TD-OCC ({1 1}), up to 8 ports)
· Xinwei, Spreadtrum, China Telecom, Ericsson, Qualcomm, Nokia
· Alt.2 (Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports)
· HW, ZTE, LG, Docomo, MediaTek
Comb 4 + TD-OCC ({1 1} and {1 -1}) (Outside the WA)
· Qualcomm, Nokia, Ericsson

The joint proposals per company are:
· Alt.1 (Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports) and Alt.2 (Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports)
· HW, ZTE, LG, Docomo, MediaTek
· Alt.1 (Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports) and Alt.3 (Comb 4 + 2 CS + TD-OCC ({1 1}), up to 8 ports)
· Xinwei, Spreadtrum, China Telecom
· Support Alt.3 (Comb 4 + 2 CS + TD-OCC ({1 1}), up to 8 ports) and Comb 4 + 2 CS + TD-OCC ({1 1} and {1 -1})
· Ericsson, Qualcomm, Nokia

Configuration 2 – One symbol
· Up to 6 ports with one symbol
· HW, Qualcomm, Spreadtrum, Docomo, Nokia, LG, ZTE, Mediatek, Xinwei, Mitsubishi, Samsung, CATT, Ericsson
· At least up to 4 ports with one symbol
· Up to 2 ports with one symbol
· China Telecom
Note: At least the following companies expressed concerns in their Tdocs on the number of configurations supported by DL/UL: 
· Samsung, Docomo, Intel, vivo
Proposals on DL front-load DMRS position for slot
Three alternatives have been proposed based on the Tdocs on the position of DL front-load DMRS. 
Alt1: DL Front-load DMRS position is fixed depending on the NR carrier bandwidth, following the corresponding WA in the Control session in RAN1 #88bis. That is:
· For NR carrier with less than or equal to X PRBs: 4th and {4th, 5th} OFDM symbol
· For NR carrier with more than or equal to X PRBs: 3rd and {3rd, 4th} OFDM symbol
Supported by: Qualcomm [8], Nokia, ASB, LG

Alt2: DL Front-load DMRS position is fixed to 4th and {4th, 5th} OFDM symbol for all NR carrier bandwidths
Supported by: HW [1]

Alt3: DL Front-load DMRS position is fixed to 5th and {4th, 5th} OFDM symbol for all NR carrier bandwidths
Supported by: ZTE [3]

Related Agreement made on Wednesday 27th of June in the scheduling session (AI 5.1.3.3.1):

Agreements:
· For downlink, UE can be informed about the first DMRS position of the PDSCH between the following:
· Fixed on the 3rd or 4th symbol of the slot (for, a.k.a, slot-based scheduling)
· 1st symbol of the scheduled data (for a.k.a non-slot-based scheduling)
· FFS: if special handling is needed for the case where some of the PRBs of the symbol of the scheduled data is overlapped with the other signals/channels
· FFS: When the UE is configured both slot-based scheduling and non-slot-based scheduling, the first DMRS position of the PDSCH can be changed between the 3rd or 4th symbol of the slot and 1st symbol of the scheduled data

Conclusion:
· For both downlink and uplink, the second or later or additional DMRS is up to MIMO discussion.

Offline Proposal:

Current list of way forwards
The following list of DMRS related way forwards has been circulated:
R1-1711797 WF on DMRS sequence, Samsung, Ericsson, Qualcomm Incorporated, CATT, Nokia, Alcatel-Lucent Shanghai Bell, Intel, AT&T, NTT DOCOMO, INC., LG Electronics, KT Corp., MediaTek Inc., Mitsubishi Electric Co., Spreadtrum, Fujitsu, Xinwei, KDDI, Panasonic, ITL 
Offline working assumption
· Both in DL and UL DMRS for CP-OFDM, only PN sequence is supported
R1-1711784 WF on DMRS design, MediaTek, Huawei, HiSilicon, China Telecom, ZTE, ASUSTek, CeWiT, Spreadtrum, Tejas Networks, CATR, Deutsche Telekom, IITH, Xinwei, MTI, CHTTL, China Unicom, IITM, ITRI 
Offline agreement
A UE is configured by higher layers with DMRS pattern either from the front-loaded DMRS Configuration type 1 or from the front-loaded DMRS Configuration type 2 for DL/UL:
· Configuration type 1:
· One symbol:
· Comb 2 + 2 CS, up to 4 ports
· Two symbols:
· Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Note: It should be possible to schedule up to 4 ports without using both {1,1} and {1,-1}.
· Configuration type 2:
· One symbol:
· 2-FD-OCC across adjacent REs in the frequency domain, up to 6 ports
· Two symbols:
· Downselection between:
· Alt 1: 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
· Note: It should be possible to schedule up to 6 ports without using both {1,1} and {1,-1}.
· Supported by: Spreadtrum, LG, Nokia, ASB, Samsung, Ericsson, ZTE, QC, NTT DOCOMO, CATT
· Alt 2: 2-FD-OCC across adjacent REs in the frequency domain + TDM up to 12 ports
· Supported by: HW, HiSi, Mitsubishi, MTK, 
· From UE perspective, frequency domain CDMed DMRS ports are QCLed.
· FFS: Whether the front-load DMRS configuration type for a UE for UL and DL can be different or not.

R1-1711813 WF on DM-RS, NTT DOCOMO, Ericsson, Nokia, ASB, ZTE, KT Corp, Sharp, Qualcomm
Offline proposal
· In configuration 1 for DL, at least for single user, DM-RS N<=RPF layer reception are multiplexed by different combs, without any CDM in frequency
· Note: For comb 2, N = 1, 2 if comb 2 is supported. For N>2, CDM in frequency is used
· Note: For comb 4, N = 1, 2, 3, 4 if comb 4 is supported. For N>4, CDM in frequency is used
· FFS: Support additionally the option with more than 1 layer reception multiplexed in the same comb in CP-OFDM, e.g. UL MU-MIMO between users with different waveforms

R1-1711783, WF on UL DMRS pattern for DFT-S-OFDM, LG Electronics, ZTE, Ericsson, NEC, NTT DOCOMO, 
R1-17xxxxx, WF on DMRS port multiplexing in frequency domain, MediaTek, Huawei, HiSilicon, ZTE
R1-17xxxxx, WF on front-loaded DMRS design for slot aggregation, vivo, Huawei, HiSilicon
R1-1711770, WF on DL DMRS for broadcast/multicast PDSCH, LG Electronics, Qualcomm
R1-1711714, WF on DMRS multiplexing scheme in time domain, ZTE
R1-1711666, WF on SS block and DM-RS collision handling,   Intel
R1-1711722, WF on multiplexing between DMRS and data, 
R1-1711771, WF on signalling DMRS configuration, LG Electronics, ZTE
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Appendix
Agreements in RAN1#86
	Agreements:
· DL DMRS and UL DMRS based spatial multiplexing (SU-MIMO/MU-MIMO) is supported
· FFS: Necessity of sidelink spatial multiplexing
· At least 8 orthogonal DL DMRS ports is supported for SU-MIMO scheduling
· At least 8 orthogonal DL DMRS ports is supported for MU-MIMO scheduling

Agreements:
· The following QCL assumptions for DM-RS antenna ports in NR are for further study
· QCL across DM-RS antenna ports
· All the DMRS antenna ports are QCL-ed with each other
· Not all the DMRS antenna ports are QCL-ed with each other
· QCL across scheduled PRBs for DM-RS antenna port 
· QCL among DM-RS antenna port groups
· QCL of DM-RS antenna ports with antenna ports of other reference signals (RS to be defined in NR) 
· Other assumptions are not precluded
· Note: The antenna ports of demodulation reference signal (DM-RS) in NR are used to transmit at least physical data and, possibly, control channels and used at the UE for demodulation




Agreements in RAN1#86bis
	Agreements:
· At least the following RSs are supported for NR downlink
· …
· DM-RS: Reference signal with main functionalities of data and control demodulation
· FFS: channel state information estimation and interference estimation
· FFS: beam management
· Reference signal for phase tracking
· FFS: Whether DM-RS extension can be applied or not
· FFS whether new RS or RS for other functionalities can be used
· At least the following RSs are supported for NR uplink
· …
· DM-RS: Reference signal with main functionalities of data and control demodulation
· FFS: beam management
· Reference signal for phase tracking
· FFS: Whether DM-RS extension can be applied or not
· FFS whether new RS or RS for other functionalities can be used
Agreements:
· Study variable/configurable DL/UL RS pattern for demodulation 
· For data channel and control channel
· At least density can be configurable
· FFS: other configurability
· The applicable scenarios need to be studied
· Study multi-set DL/UL RS for control and/or data demodulation 
· The first set is front-loaded (i.e. loaded in the front of RB) 
· Other set(s) can be configured for different purposes
· Details FFS (e.g. higher frequency/time density, Rx beam detection, RSRP/CSI-reporting, phase noise compensation)
Agreements:
· Study design of demodulation RS for broadcast channel, control channel and data channel
· Separate vs. joint design
· Study on design of demodulation RS for data channel 
· Whether or not the same principle for UL and DL RS pattern design 
· How to map DM RS in symbols of a slot
· Max # of orthogonal DL DMRS ports for SU/MU-MIMO scheduling

Agreements:
· For DM-RS antenna ports, NR supports:
· All ports are QCL-ed
· Not all ports are QCL-ed
· FFS on details




Agreements in RAN1#87
	Agreements:
· Support variable/configurable DMRS pattern for data demodulation 
· FFS: Time and/or frequency domain density can be configured  
· FFS: RE location can be configured
· At least one configuration supports front-loaded DMRS pattern

Conclusions:
· Study necessity of supporting 16 orthogonal DMRS ports in DL and UL considering symmetric design both for DL and UL
Agreements:
· Organize two email discussions i) to collect companies proposals on DMRS design for DL data channel for NR to facilitate evaluation for the next RAN1 meetings till 8th Dec. and ii) to discussion/agree on simulation assumptions till 15th Dec. – Hyunsoo (LGE)
· The companies are encouraged to provide DM-RS patterns including DM-RS design details such as
· Time domain density (per antenna port) for different ranks (e.g., number of DMRS symbols in slot, symbol position, etc.)
· Frequency domain density (per antenna port) for different ranks
· The number of maximum orthogonal ports
· Multiplexing of DMRS ports (e.g., TDM, FDM, CDM, etc.) 
· DM-RS sequence (e.g., PN, Zadoff-Chu, etc.)
· For the RAN1 NR Ad-hoc meeting, companies are encouraged to provide performance evaluation and to clarify the following aspects used for evaluation:
· Channel estimation method (e.g. IFFT type, MMSE type and LS type including assumptions on pipe-line or interpolation/extrapolation for data demodulation, etc.)
· PRB bundling assumption
· Considering of noise limited and interference limited scenarios
· Companies to state phase noise assumptions





Agreements in RAN1 NR-AH
	Agreements:
· For the design of front-loaded DMRS, Alt. 1 is agreed as a working assumption.
· Alt. 1: Front-loaded DMRS is mapped over 1 or 2 adjacent OFDM symbols.
· FFS: Further down-selection between 1 and 2, if necessary
· Companies are encouraged to propose further details
· Companies are encouraged to provide comparison between Alt. 1 and Alt. 2.
· Alt. 2: Design in R1-1700352 (Front-loaded DMRS is mapped over 3 or 4 adjacent OFDM symbols).
· Additional DMRS can be configured for the later part of the slot.
· FFS: Density reduction compared to front-loaded DMRS
· DMRS configuration can be up to the max. number of DMRS ports.
Note: DMRS design should take into account channel estimation accuracy for low-to-high SINR scenario, throughput performance for SU and MU-MIMO, DMRS overhead, receiver complexity, receiver implementation, support of the use cases/features, UL/DL symmetry, etc.
· FFS: Relative timing relationship between front-loaded DMRS and NR-PDSCH
· Option 1: The first symbol of front-loaded DM-RS is fixed regardless of the first symbol of NR-PDSCH.
· Option 2: The first symbol of front-loaded DM-RS is no later than the first symbol of NR-PDSCH.

Agreements:
· Study the following options: 
· Option1: with 16 orthogonal DMRS ports or 
· Option2: with non-orthogonal  DMRS ports in addition to 8 orthogonal ports
· Other options are not precluded.

Conclusion:
· Companies are encouraged to provide additional evaluation results in next meeting. 
· Observations are to be drawn based on additional evaluation results with further aligned simulation assumptions
· FTP traffic model is baseline, full-buffer traffic model is optional
· Each company is to report assumption of the traffic model

Agreements:
· NR supports at least following functionalities
· …
· At least for DL data scheduled for a slot, the DL data DMRS location in time is not dynamically varying relative to the start of slot

Agreements:
· Take the following into account for designing slot-level channels/signals/procedures:
· …
· At least one of DMRS format/structure/configuration for slot-level data channel is re-used for mini-slot-level data channel
· Take the following into account as starting point for designing mini-slot-level channels/signals/procedures:
· …
· DMRS for mini-slot-level data channel is just a re-use of that for slot-level data channel
· …




Agreements in RAN1#88
	Agreements:
· At least for CP-OFDM, NR supports a common DMRS structure for DL and UL
· DMRS for same or different links can be configured to be orthogonal to each other. 
· FFS exact DMRS location, DMRS pattern, and, scrambling sequence for the common DMRS structure.
Agreements:
· Confirm working assumption with some updates:
· Front-loaded DMRS is mapped over 1 or 2 adjacent OFDM symbols
· NR aims for performance at least comparable to DM-RS of LTE in scenarios where applicable for both LTE and NR
Agreements:
· For DL DMRS port multiplexing, FDM (including comb), CDM (including OCC and Cyclic shift) and TDM should be considered
· For the CDM of DMRS ports in time and/or frequency domain
· FFS for OCC based or cycling based
· FFS: supporting CDM across adjacent REs 
· FFS: supporting cyclic shift across non-adjacent REs
· FFS OCC size
· Support PN sequence for CP-OFDM
· FFS: ZC-sequence for CP-OFDM
· FFS: For the case front-loaded DMRS pattern with 4 ports, 1 OFDM symbol is supported
· FFS: For the case of front-loaded DMRS pattern with 8 ports, two adjacent OFDM symbols are supported
· For high Doppler scenario, down selects from the followings
· Additional DMRS with reduced density in frequency domain compared to front loaded DMRS
· Additional DMRS with same density in frequency domain compared to front loaded DMRS
· Note that: Front loaded DMRS can be configured with low density
· Note: the complementary use of PT-RS for high Doppler channel estimation can be considered when determining the number of the additional DMRS.
· Other option is not precluded
· Support DMRS bundling in time domain
· At least time domain bundling with slot aggregation of DL-only slots is supported
· DMRS pattern within the first slot is not impacted by the time domain DMRS bundling
· FFS: Consider further overhead reduction of DMRS in case of bundling in time domain
· Consider whether to use mechanism of UE-assisted DMRS configuration. 
· Consider  whether to use UE-assisted configuration of PRG size

Working assumption:
· Support at least the following design of DL DM-RS for data channels
· Support the maximal 12 orthogonal DL DMRS ports for MU-MIMO
· Companies are encouraged to perform SLS especially assuming practical channel and interference estimations
Agreements:
· Study further DMRS configuration(s) for CP-OFDM (DL&UL) and DMRS configuration(s) for DFT-s-OFDM (UL) for a given number of antenna ports, considering at least:
· DMRS pattern/position, multiplexing scheme, MU-MIMO (within CP-OFDM UEs, between CP-OFDM&DFT-s-OFDM UEs), etc.
· Whether or not to have the same number configuration(s) in DL and UL for CP-OFDM
· Possible frequency domain configurations considering:
· DMRS overhead 
· Channel estimation performance
· Possible time domain configurations assuming the following scenarios 
· Low, Medium, high, & very high mobility
· Carrier frequency
· Latency




Agreements in RAN1#88bis
	Agreements:
· Confirm the following working assumption:
· Support at least the following design of DL DM-RS for data channels
· Support the maximal 12 orthogonal DL DMRS ports for MU-MIMO
Agreements:
· At least for slot, the location of front-loaded DL DMRS is fixed regardless of the first symbol location of PDSCH
· FFS: Mini-slot case
· Support ZC-sequence for UL DFT-S-OFDM DMRS

Conclusions:
· Continue discussions/evaluations until the next meeting about following DMRS port multiplexing schemes for 2 adjacent front-loaded DMRS symbols in the time domain, and RAN1 will definitely conclude this down selection in the next meeting
· Alt. 1: OCC
· Alt. 2: TDM
· Alt. 3: Frequency domain multiplexing only with the time domain repetition/ with a pattern shift
· Alt. 4: Configure between Alt. 1 and Alt. 2
· Consider phase noise impact in the high frequency band
· Alt. 5: Configure between Alt. 1 and Alt. 3

Agreements:
· For CP-OFDM, if one additional DMRS exists
· At least for non-self-contained ACK/NAK slot, the time distance between the additional DMRS and front loaded DMRS for 14-symbol slot is larger than that for 7-symbol slot. 
· FFS additional DMRS position for 14-symbol slot
· Consider symbol 12th, 11th, 10th, 9th
· Study the location of additional DMRS for self-contained ACK/NAK slots 
· Evaluations are encouraged for next meeting

Conclusion:
· Consider the issue of collision between DC subcarrier and DMRS. 
· Evaluate and analyze whether it can be solved by implementation or if DMRS design needs to take DC subcarrier into account

Agreements:
· Companies are encouraged to perform further evaluations on additional DM-RS symbols, using same or lower density compared with front loaded DM-RS, and also identifying use cases associated with the operation
· Aim to decide in the next meeting whether to support same density only, or lower density only, or both
· FFS at least CP-OFDM, frequency domain density of front loaded DMRS is configurable.

Agreements:
· For 60kHz ECP in the case with WA will be confirmed
· …
· NR study DMRS patterns for ECP slot
· NR may support to configure different DM-RS patterns for a UE




Agreements in RAN1#89
	Agreements:
· Support additional DMRS symbols with same density in frequency domain compared to front loaded DMRS
· FFS: Necessity of reduced DMRS density in additional DMRS symbols

Conclusion:
· When ACK/NACK feedback is configured in the same slot with corresponding DL data transmission 
· For 7-symbol slot. down selection should be done in next meeting
· Alt.1:   Only support front loaded DMRS
· Alt.2 :  Support  front loaded DMRS +additional DMRS
· Alt.3 :  Configurable between Alt.1 and Alt.2
· For  14-symbol slot, down selection should be done in next meeting
· Alt.1:   Only support front loaded DMRS
· Alt.2 :  Support  front loaded DMRS +additional DMRS
· Alt.3 :  Configurable between Alt.1 and Alt.2
· Companies are encouraged to provide simulation results for additional DMRS position for mobility scenarios and the assumed number of symbols for front loaded DMRS and additional DMRS, and consider the minimum time to support fast demodulation for DM-RS pattern related design 

Working assumptions:
· For DMRS port multiplexing schemes on 2 adjacent front-loaded DMRS symbols in the time domain:
· Support DMRS configurations with two alternatives
· Time domain OCC (TD-OCC) of antenna ports is supported. In addition, for the other alternative only one of following is supported:
· Option 1A: TDM of antenna ports
· Option 1B: Time domain repetition of all antenna ports
· Notes: 
· This is for both SU-MIMO and MU-MIMO
· If  1B is chosen then whether and/or not pattern shift is used must be decided
Objected by Huawei, HiSilicon
Working assumption:
· UEs in a cell are higher layer configured with 2 DMRS configurations for the front-load DMRS for UL/DL CP-OFDM
· Front-load DMRS Configuration 1: Supports up to 8 ports
· IFDM based pattern with Comb [2] and/or [4] w cyclic shifts (CS)
· One OFDM symbol: 
· To be down selected to 1 Alt:
· Alt 1: Comb 2 + 2 CS, up to 4 ports
· Alt 2: Comb 4 + 2 CS, up to 8 ports
· Two OFDM symbols: 
· To be down selected to 2 Alts:
· Alt. 1: Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Alt. 2: Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports
· Alt. 3: Comb 4 + 2 CS + TD-OCC ({1 1}), up to 8 ports
· Front-load DMRS Configuration 2: Supports up to 12 ports
· FD-OCC pattern with adjacent REs in the frequency domain
· One OFDM symbol:
· To be down selected to 1 Alt:
· Alt. 1: 2-FD-OCC across adjacent REs in the frequency domain up to 6 ports
· Alt. 2: 2-FD-OCC across adjacent REs in the frequency domain up to 4 ports
· Alt. 3: 2-FD-OCC across adjacent REs in the frequency domain up to 2 ports
· Two OFDM symbols: 
· 2-FD-OCC across adjacent REs in the frequency domain + TDM up to 12 ports
· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
· FFS: DMRS pattern before configuration, e.g., SIB1
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