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Introduction
In RAN1#87, it was agreed to organize email discussion on collection of companies proposals on DMRS design as follow:
	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)


In this contribution, we collect companies proposals on DMRS design for DL data channel for NR to facilitate evaluate for the next RAN1 meeting. 

DM-RS pattern for DL data channel
In this section, companies propose DMRS pattern for DL data channel for NR. 
	Company
	Comment

	Intel
	DM-RS pattern:


Notes:
· The DM-RS patterns in the spreadsheet are for evaluation and can be further refined depending on the agreements on CSI-RS location, SRS location, control channel, support of SFBC, etc.
· The DM-RS power boosting should be considered for cell-edge UEs by using power from data REs 
· RRC configured DM-RS shifts (e.g. different shifts for different sectors) should be considered in the evaluations (e.g. for interference-limited scenarios) to avoid DM-RS collision and take advantage of power boosting
· ZP DM-RS REs should be considered as means to
· increase the number of orthogonal DM-RS antenna ports to more than 8
· support more accurate interference covariance estimation for 4Rx capable UEs
· more accurate channel estimation e.g. for from-loaded DM-RS pattern by using additional power boosting
· High density DM-RS should be considered for UE with very high mobility


	Samsung
	DMRS pattern:


Notes:
· The basic DMRS mapping unit in the spreadsheet includes three DMRS patterns which are composed of a OFDM symbol and these patterns can be categorized into following two options:
· Option1: Based on Pattern1&2, OCC/FDM/TDM are used for DMRS port multiplexing
· Option2: Based on Pattern3, CS of ZC sequence is used for DMRS port multiplexing
· We currently consider above two DMRS design options and pros and cons of these options should be further studied.
· Time/frequency domain density for the basic DMRS mapping units is decided by transmission time interval (symbols/slot), service scenarios (low latency) and channel conditions (low SNR, delay spread, mobility) 
· For time/frequency DMRS density, DMRS mapping examples on transmission time interval are illustrated in the spreadsheets for 7 and 14 symbols per slot, respectively.
· In these examples, first two OFDM symbols is assumed for control channel
· The DMRS mapping examples in the spreadsheet are for evaluation and can be further refined depending on the design of control channel and other RSs.

	MediaTek
	DMRS pattern:



Note: 
· the DMRS pattern in the spreadsheet is to follow our paper R1-1612146
· Need to remind all companies that, can the UE perform Doppler spread estimation based on two-set DMRS structure? To perform Doppler spread estimation, the UE can determine the most appropriate parameters for time domain interpolation. We don't think that the two-set DMRS structure can perform Doppler spread estimation, unless the common reference signal is present
· We prefer to use port 0 CRS (LTE) with configurable bandwidth and periodicity as the common reference signal, for time/freq tracking and Doppler spread estimation. From the simulation purpose, the common reference signal, CSIRS as shown in R1-1612146 will not appear. The simulation only looks at the channel estimation and noise estimation performance based on different DMRS patterns


	ZTE
	

Notes:
· Multi-set DMRS design principle is adopted in our design
· The first set DMRS set meets minimum requirement
· The other DMRS set(s) are for high Doppler shift, more orthogonal layers, receive beam detection, phases noise compensation
· The minimum time distance between DMRS and A/N feedback should be considered at least for front loaded design.
· Complexity for supporting flexible DMRS patterns should be considered.
· Configurable density in time domain.
· Single column DMRS for front loaded design. To support 8 orthogonal DMRS ports, OCC=8 is considered.
· At least two column DMRS for high Doppler shift, supporting more orthogonal ports. OCC=2 is considered in time domain. Maximum OCC length in time domain can depends on the scheduling unit which is aggregated by multiple slots.
· Configurable density of the additional DMRS for Doppler shift, phase noise compensation.
· Configurable density in frequency domain. 
· 0.5 density for SU low rank
· Full density for high rank and MU low rank
· Multi-shot DMRS with larger subcarrier spacing is considered in Pattern C for receive beam detection
· DMRS sharing between PDCCH and PDSCH can be further considered
· Some patterns can be supported for both PN and ZC sequences 


	Mitsubishi Electric
	



The starting point for the DMRS design is the front-loaded design. The configurations that can support orthogonal ports more than 8 can be realized by increasing the number of OFDM symbols with DMRS. The smaller number of orthogonal ports can be supported by deleting parts of the patterns or forming a comb structure.


	DOCOMO
	DMRS pattern:


Notes:
· The DM-RS patterns in the spreadsheet are for evaluation and can be further refined depending on the agreements on the location of CSI-RS, SRS, control channel, etc. 
· In these patterns, first two OFDM symbols are assumed for control channel. 
· In these patterns, in case of 1 or 2 layer transmissions, latter REs of adjacent DMRS REs in time domain can be reduced. 
· Time/frequency domain density is decided based on transmission time interval, service scenarios (low latency) and channel conditions (low SNR, delay spread, mobility). 
· DM-RS patterns optimized for lower number of antenna ports can be considered for higher carrier frequency.

	HW
	DM-RS pattern:


Notes:
· Multiple DMRS example patterns in spreadsheet are provided for evaluation and can be further refined according to agreements on CSI-RS, control channel, etc.
· The front-loaded pattern should consist of 1 or 2 symbols. 
· Up to 16 orthogonal DMRS ports should be considered in the front-loaded pattern.
· Different number of ports are with different density in frequency domain, such as
Basic pattern (Front loaded DMRS) -Alt1:
1-4: 6REs/PRB/2ports
5-8 : 6REs/PRB/2ports or 3REs/PRB/2ports (every 2 RBs as an RB group)
9-12 : 4REs/PRB/2ports
13-16 : 3REs/PRB/2ports (every 2 RBs as an RB group) 
Basic pattern-Alt2:
1-8 : 3REs/PRB/port
9-12 : 2REs/PRB/port
13-16 : 1.5REs/PRB/port (every 2 RBs as an RB group) 
· For a given number of ports, the density in frequency domain can be configured.
· Additional DM-RS can be configured with the location as shown in the spreadsheet
· FFS: with same density as front-loaded pattern.


	Ericsson
	




Notes:
· A comb structure is the overall design principle
· RPF can be configured to achieve various levels of frequency domain density
· High density/low RPF is necessary for higher sub-carrier spacing numerologies
· A comb structure is necessary to fully utilize the cyclic shift properties (i.e. performing the separation and channel estimation in the time domain)
· The principle is an UL centric approach with symmetry between UL and DL DMRS patterns 
· A unified DMRS pattern in UL for CP-OFDM and DFT-S-OFDM is targeted
· For DFT-S-OFDM we assume a low PAPR sequence (e.g. Zadoff-Chu) where users can be separated using cyclic shift 
·  


	Qualcomm
	


In sheet 1 of the attached spreadsheet, we propose two basic DMRS structures: the “1-symbol” and “2-symbol” DMRS structure. Both use combs with cyclic shifts as basic port-multiplexing approach. The “2-symbol” DMRS structure also uses TD-OCC. Two RPFs structures are proposed to be evaluated for the “1-symbol” DMRS structure (RPF=2 and RPF=4). These structures can be repeated in time domain to provide additional robustness in mobility scenarios: Different symbol locations are proposed for self-contained slot and a non-self-contained slot operation. Staggering can also be evaluated in the multi-DMRS-symbol patterns by adding different comb offsets in different symbols as shown in the spreadsheet.

	LG Electronics
	DM-RS pattern:


Notes:
· The DMRS pattern in the spreadsheet is to follow LG’s contribution (R1- R1-1611812 and R1-1611814)
· It is assumed that slot is composed by 7 or 14 OFDM symbols, and first two OFDM symbols are used for downlink control channel. 
· The basic DMRS design is the front-loaded design (Pattern 1 and 2). Additional DMRS can be configured (Pattern 3 and 4).
· Up to 8 orthogonal DMRS ports are multiplexed within a OFDM symbol.

	Nokia
	



Notes:
· DMRS mapping examples are illustrated in the spreadsheets for 7 and 14 symbols per slot, respectively.
· The basic DMRS pattern is the front-loaded. DM-RS symbol is located after the control symbols in a slot, and it can be further updated based on the slot structure decision. The same DM-RS pattern is recommended to DL and UL for interference management. In this example, the first DM-RS symbol is located in the third symbol.
· Upto 8 ports, 1 OFDM symbol is used for DM-RS, FDM 4 and OCC 2 are used for supporting upto 8 ports.
· In order to support more than 8 ports (9-16 ports), one additional OFDM symbol next to the first DM-RS symbol is used. The same multiplexing scheme is used. 
· In order to support high-speed scenario, two alternative options are used. The number of the ports can be supported is FFS for each option.
· Option1: additional OFDM symbol(s) with identical AP mapping are used for high-speed support in the middle of the slot.
· Option2: In addition to the basic pattern, PT-RS is additionally used for channel estimation. Time/Frequency domain density of PT-RS should be further investigated. 
· The DMRS mapping examples in the spreadsheet are for evaluation and can be further updated.

	CATT
	DMRS pattern:


Notes: 
· The base patterns presented in sheet 1 define the REs occupied for DMRS transmission in one or two adjacent symbols. For each number of DMRS ports, two alternatives with different densities in frequency domain are available.
· Based on base patterns of up to 8 orthogonal DMRS ports, the DMRS patterns in slots with 7 and 14 symbols are depicted in sheet 2 and 3 respectively. 
· According to the transmission rank, category of service, mobility and deployment scenarios, DMRS patterns are configurable in terms of density in both time and frequency domains as well as RE distribution. 
· Frontloaded DMRS is supported for each slot structure.    
· As detailed designs of other physical signals and channels are not determined yet, the DMRS patterns can be further refined. 
· In addition, the DMRS patterns can be extended to support more than 8 orthogonal DMRS ports.  



DM-RS design details
[bookmark: _GoBack]In this section, companies describe DM-RS design details. 
	Company
	Comment

	Intel
	· 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

For the baseline DM-RS pattern:
	MIMO layers
	Number of DM-RS REs

	1-2
	12

	3-8
	24



For the front-loaded/low overhead DM-RS pattern:
	MIMO layers
	Number of DM-RS REs

	1-2
	6

	3-8
	12



· The number of maximum orthogonal ports

Baseline: 8 orthogonal DM-RS antenna ports. 
Further extension to more than 8 by using ZP DM-RS and additional DM-RS shifts (pending RAN1 study on necessity of large number of ports)

· Multiplexing of DMRS ports (e.g., TDM, FDM, CDM, etc.) 

CDM2 for DM-RS ports 0-1 (CDM2: across 2 adjacent in frequency REs)
CDM2/TDM2 for DM-RS ports 0-3 (CDM2: across 2 adjacent in frequency REs, TDM2: across 2 adjacent OFDM symbols)
CDM4/TDM2 for DM-RS port 0-7 (CDM4: 2 adjacent in frequency REs and 2 OFDM symbol in two slots, TDM2: across 2 adjacent OFDM symbols)

· DM-RS sequence (e.g., PN, Zadoff-Chu, etc.)

PN


	Samsung
	· 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 spreadsheet shows the time and frequency density of DMRS patterns for 7 and 14 symbols per slot, respectively.
· The number of maximum orthogonal ports
Support 8 orthogonal DMRS antenna ports.
· Multiplexing of DMRS ports (e.g., TDM, FDM, CDM, etc.) 
For Option1, CDM(OCC)/FDM can be used up to 4 DMRS port multiplexing as shown:
[image: ]
In addition, TDM can be used for extension to larger number of DMRS ports as shown: 
[image: ]
For Option2, CDM(CS based multiplexing) is used for DMRS port multiplexing. With Pattern3, CS based 8 DMRS port multiplexing is possible like LTE UL DMRS
· DM-RS sequence (e.g., PN, Zadoff-Chu, etc.)
Currently, we support two design options (both PN and ZC). 

	MediaTek
	· 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
For low to middle mobility, 6 RS in freq and 2 RS in time, which is totally 12 for ports 0-1. And it is totally 24 RS for ports 0~7

For high mobility (also can cover to low mobility), 6 RS in freq and 3 RS in time, which is totally 18 for ports 0-1. The advantage of this structure is that the Doppler spread estimation can be performed based on DMRS, and also to reduce extrapolation. It is totally 36 RS to cover the port number more than two

· The number of maximum orthogonal ports
Can be up to 12 ports
· Multiplexing of DMRS ports (e.g., TDM, FDM, CDM, etc.)
It is based on CDM in frequency, and TDM for two CDM groups
 
· DM-RS sequence (e.g., PN, Zadoff-Chu, etc.)
Okay for both


	ZTE
	· Time domain density (per antenna port) for different ranks (e.g., number of DMRS symbols in slot, symbol position, etc.)
· 1/14 or 1/7 time density is supported for the normal DMRS sets.
· Frequency domain density (per antenna port) for different ranks
· 1 or 1/2 density in frequency domain is supported in the normal DMRS sets.
NOTE: Frequency and time density can be configurable for the DMRS set used for phase tracking and high doppler. 1/6 frequency domain density and 1/2 time domain density are used in our examples. In addition to phase tracking. this set can be used for channel estimation for demodulation and hence should be considered together in overall DMRS design. 

· The number of maximum orthogonal ports
· 8 orthogonal ports 
· More than 8 orthogonal ports can be further evaluated

· Multiplexing of DMRS ports (e.g., TDM, FDM, CDM, etc.) 
· OCC with maximum length of 2 is used in time domain.
· OCC with maximum length of 8 is used in frequency domain. Support OCC=2,4,8.  OCC is applied to consecutive REs.

· DM-RS sequence (e.g., PN, Zadoff-Chu, etc.
· PN sequence is supported for all patterns
· PN sequence or ZC sequence can be configurable for some of the patterns


	Mitsubishi Electric
	· Time domain density (per antenna port) for different ranks (e.g., number of DMRS symbols in slot, symbol position, etc.)
Scattered DMRS designs based on low density front-loaded designs can be considered.
· Frequency domain density (per antenna port) for different ranks
The designs shown above are front-loaded based designs and applicable to both 7 and 14-symbol slot. To reduce the DMRS density, RB-pair based designs similar to those considered for CSI-RS for FD-MIMO can be considered. Our preferences are config. 0 and config. 2 for flexibility. Both configurations can be TDMed to support up to 16 orthogonal DMRS ports. In both configurations, 2-bit, 4-bit OCC can be supported. In Config.0, 8-bit OCC can be supported, as shown in the spreadsheet.



· The number of maximum orthogonal ports
16
· Multiplexing of DMRS ports (e.g., TDM, FDM, CDM, etc.) 
Mixture of TDM, FDM and CDM as shown in the spreadsheet
· DM-RS sequence (e.g., PN, Zadoff-Chu, etc.)
PN based designs should be used. Zadoff-Chu can be considered.


	DOCOMO
	· 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 spreadsheet shows the time and frequency density of DMRS patterns.
· The number of maximum orthogonal ports
Baseline: 8 orthogonal DMRS antenna ports. However, DM-RS pattern optimized for less antenna ports, e.g., 4 ports, can be considered for higher carrier frequency
· Multiplexing of DMRS ports (e.g., TDM, FDM, CDM, etc.) 
TDM should be avoided as much as possible since power boosting is not possible. CDM and/or FDM can be applied for DMRS port multiplexing. 
· DM-RS sequence (e.g., PN, Zadoff-Chu, etc.)
Currently, we support both PN and ZC.

	HW
	· Time domain density (per antenna port) for different ranks (e.g., number of DMRS symbols in slot, symbol position, etc.)
Basic pattern: front-loaded pattern with 1 or 2 symbols. 
Additional DM-RS: as shown in spreadsheet. . 
· Frequency domain density (per antenna port) for different ranks
The details please see the spreadsheet. 
Number of DM-RS REs for the basic DM-RS pattern-Alt1:
	MIMO layers
	Frequency density (RE/RB/2ports)

	1-4
	6

	5-8
	6 or 3 (every 2 RBs as an RB group)

	9-12
	4

	13-16
	3 (every 2 RBs as an RB group)

	
	


Number of DM-RS REs for the basic DM-RS pattern-Alt2:
	MIMO layers
	Frequency density (RE/RB/port)

	1-8
	3

	9-12
	2

	13-16
	1.5 (every 2 RBs as an RB group)



Number of additional DM-RS REs:
· FFS: with same density as front-loaded pattern. 

· The number of maximum orthogonal ports

16 orthogonal ports

· Multiplexing of DMRS ports (e.g., TDM, FDM, CDM, etc.) 
FDM/CDM/TDM as shown in the spreadsheet.
· DM-RS sequence (e.g., PN, Zadoff-Chu, etc.)

Gold


	Ericsson
	Motivation:
· The principle for these DMRS patterns is an UL centric approach and where symmetry between UL and DL DMRS patterns is targeted
· For simplicity
· For sidelink use
· For flexible TDD
· A unified DMRS pattern in UL for CP-OFDM and DFT-S-OFDM is targeted
· For DFT-S-OFDM we assume a low PAPR sequence (e.g. Zadoff-Chu) where users can be separated using cyclic shift 
· This leads to a comb structure as the overall design principle
· RPF can be configured to achieve various levels of frequency domain density
· High density/low RPF is necessary for higher sub-carrier spacing numerologies
· A comb structure is necessary to fully utilize the cyclic shift properties (i.e. performing the separation and channel estimation in the time domain)
· Up to 16 orthogonal DMRS ports can be used in UL and DL if supported, by the use of 2 OFDM symbols (front loaded)
· High Doppler cases are supported by the configurable use of DMRS in additional OFDM symbol(s) in the later part of the slot
· To keep the total RS overhead unchanged, the RPF can be doubled if the later symbol(s) is configured
Questions:
· Time domain density (per antenna port) for different ranks (e.g., number of DMRS symbols in slot, symbol position, etc.)
· For more than 8 layers (if supported) 2 OFDM adjacent front loaded symbols is used
· For between 5 and 8 layers, 2 OFDM symbols is primarily considered although a single front-loaded DMRS with RPF=4 and F-CDM per Comb can be considered for supporting up to 8 layers
· For up to 4 layers and low Doppler/early decoding, 1 or 2 OFDM adjacent symbols can be configured depending on the required frequency domain density
· For up to 4 layers and high Doppler, 2 distributed OFDM symbols is configured
· Frequency domain density (per antenna port) for different ranks
· The density is configurable to support different sub-carrier spacing (numerology), e.g. for 15 kHz, RPF=4 may be sufficient for rank 1 transmission while for 120 kHz numerology, RPF=1 may be needed (to be evaluated).
· The number of maximum orthogonal ports
· 16 (for DMRS evaluation, FFS if 16 is necessary to be supported based on e.g. system evaluations)
· Multiplexing of DMRS ports (e.g., TDM, FDM, CDM, etc.) 
· FDM,TDM (at least for >4 ports) and CDM
· DM-RS sequence (e.g., PN, Zadoff-Chu, etc.)
· For DL, PN sequences 
· For UL, ZC sequence for DFT-S-OFDM and PN sequence for CP-OFDM. FFS if also supporting ZC for CP-OFDM to enable the use of cyclic shifts for spatial multiplexing of CP-OFDM and DFT-S-OFDM waveforms
· A block based DMRS sequence is used to enable MU-MIMO multiplexing of users with different scheduled bandwidths, see R1-1612344.


	Qualcomm
	· Time domain density (per antenna port) for different ranks (e.g., number of DMRS symbols in slot, symbol position, etc.)
For self-contained 14-symbol slot, we propose front-loaded patterns with 1 and/or 2 OFDM symbols. See the attached spreadsheet for details. For non-self-contained slots, 2 or 4 OFDM symbols can be evaluated as shown in the Sheet 3 in the spreadsheet. 
· Frequency domain density (per antenna port) for different ranks
We propose to evaluate the 2-comb and 4-comb structure shown in Sheet 1 of the spreadsheet. Note that data and DMRS may be FDM-ed when the combs are unused for lower rank transmissions. 
· The number of maximum orthogonal ports
       8 orthogonal ports
· Multiplexing of DMRS ports (e.g., TDM, FDM, CDM, etc.) 
FDM, and CDM for the “1-symbol” DMRS structures, and additional TDM for the “2-symbol” front-loaded DMRS structure.
· DM-RS sequence (e.g., PN, Zadoff-Chu, etc.)
       PN sequences (for DL)

	LG Electronics
	· Time domain density (per antenna port) for different ranks (e.g., number of DMRS symbols in slot, symbol position, etc.)
In case of up to 8 orthogonal DMRS port, single OFDM symbol can be used for a basic DMRS pattern in a slot (with 7 or 14 OFDM symbols). If more orthogonal DMRS ports are necessity, more OFDM symbols can be used. Also, N OFDM symbols (e.g. N=2 or 4) in a slot (with 14 OFDM symbols) can be used for the condition of medium or high speed. 
The spreadsheet shows the time density of DMRS pattern.
· Frequency domain density (per antenna port) for different ranks
In case of basic DMRS pattern, up to 12 REs in a PRB should be used for up to rank-8. According to multiplexing method for DMRS ports, frequency domain density could be different. 
	
	FDM
	Comb-2
&CDM-4
	FDM-2
&CDM-4
	CDM

	Rank-1
	1.5 REs
	6 REs
	6 REs
	12REs

	Rank-2
	3 REs
	12 REs
	12 REs
	12REs

	Rank-3
	4.5 REs
	12 REs
	12 REs
	12REs

	Rank-4
	6 REs
	12 REs
	12 REs
	12REs

	Rank-5
	7.5 REs
	12 REs
	12 REs
	12REs

	Rank-6
	9 REs
	12 REs
	12 REs
	12REs

	Rank-7
	10.5 REs
	12 REs
	12 REs
	12REs

	Rank-8
	12 REs
	12 REs
	12 REs
	12REs


The spreadsheet shows the frequency density of DMRS patterns.
· The number of maximum orthogonal ports
At least 8 orthogonal ports should be considered to design DMRS.
· Multiplexing of DMRS ports (e.g., TDM, FDM, CDM, etc.) 
CDM and/or FDM can be applied for DMRS ports multiplexing. Also, TDM can be considered if more orthogonal DMRS ports are necessity.
· DM-RS sequence (e.g., PN, Zadoff-Chu, etc.)
PN sequence should be introduced as a scrambling sequence for DL DM-RS.

	Nokia
	· Time domain density (per antenna port) for different ranks (e.g., number of DMRS symbols in slot, symbol position, etc.)
Upto 8 APs, 1 OFDM symbol is used within a slot. To support more than 8 APs, one more OFDM symbol can be used. 
In case of high-speed support, one option support 2 OFDM symbols in a slot, and another option is to use PT-RS in every 1 or 2 symbols. 

· Frequency domain density (per antenna port) for different ranks
For the bassline DM-RS pattern: upto 1-4 APs, 3 REs per port in a PRB is used, and in case of OCC, 2 ports share 3 REs.

· The number of maximum orthogonal ports
Baseline: 8 orthogonal DM-RS antenna ports. 
Consider upto 16 orthogonal DM-RS antenna ports
· Multiplexing of DMRS ports (e.g., TDM, FDM, CDM, etc.) 
FDM4/CDM2
· FDM4: across DM-RS ports 1-4
· CDM2: across the port-pair 1-4 and 5-8 across 2 nearest in frequency REs
TDM for beyond 8 ports support
Additional PT-RS for high speed mobility support

· DM-RS sequence (e.g., PN, Zadoff-Chu, etc.)
PN sequence is used. Zadoff-Chu can be considered.


	CATT
	· 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
· As shown in sheet 2 and 3, depending on configuration, the DMRS density in time and frequency domains are adjustable for each rank. 
· The number of maximum orthogonal ports
· Patterns with up to 8 orthogonal DMRS ports are depicted as examples. Further increase of the orthogonal DM-RS ports number to more than 8 can still be supported based on the shown patterns.
· Multiplexing of DMRS ports (e.g., TDM, FDM, CDM, etc.) 
· CDM-F is used for multiplexing of up to 4 DMRS ports
· CDM-F+TDM is used for multiplexing of more than 4 DMRS ports
· DM-RS sequence (e.g., PN, Zadoff-Chu, etc.)
· Both PN and ZC can be considered
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DMRS patterns  Samsung.xlsx


DMRS patterns Samsung.xlsx
Intel (CDM-2 group spacing 1)

		Sector 1

						DM-RS REs for 0,1 antenna port

























		Sector 2

						DM-RS REs for 0,1 antenna port

























		Sector 3

						DM-RS REs for 0,1 antenna port





























Basic DMRS mapping unit

		Pattern1																Pattern2

						DMRS REs																DMRS REs

						Other or Empty																Other or Empty

























		Pattern3

						DMRS REs





























Mapping on 7 symbols per slot

		Low latency support using Pattern2																																				High Doppler support using Pattern1 (Low delay spread)																																High Doppler support using Pattern2 (High delay spread)

						DMRS REs																																				DMRS REs																																DMRS REs

						Empty RE(s) in DMRS contained symbols can be used for power boosting


























		Low latency support using Pattern3																																				High Doppler support using Pattern3

						DMRS REs																																				DMRS REs





























Mapping on 14 symbols per slot

		Low latency support using Pattern2																																				High Doppler support using Pattern2																																				Very high Doppler support using Pattern1 (Low dealy spread)																																				Very high Doppler support using Pattern2 (High dealy spread)

						DMRS REs																																				DMRS REs																																				DMRS REs																																				DMRS REs

























		Low latency support using Pattern3																																				High Doppler support using Pattern3																																				Very high Doppler support using Pattern3

						DMRS REs																																				DMRS REs																																				DMRS REs
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DMRS_pattern_mediatek.xlsx
MTK (2 ports)

						DM-RS REs for 0,1 antenna port

		the two-set can be allpied when 1, there is common reference signal for Doppler spread estimation and 2, for low to middle mobility
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		the three-set can be applied for low to high mobility. Also the three-set structure can perform Doppler spread estimation when the common reference signal is not available
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MTK (all ports)

						DM-RS REs for 0,1,4,6 antenna port

						DM-RS REs for 2,3,5,7 antenna port

		the two-set can support up to  8 layers
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						DM-RS REs for 0,1,4,6,8,10 antenna port

						DM-RS REs for 2,3,5,7,9,11 antenna port

		the three-set structure can support up to 12 layers
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DMRS_patterns_ZTE.xlsx
Pattern A

												Pattern A-1: OCC=2 in F domain																																		Pattern A-2: OCC=2,4,8 in F domain



																1st DMRS set for port 0,1																																		1st DMRS set for port 0-7































												NOTE: Pattern A-1,A-2 are front loaded

												If length of OCC is 2, OCC sequence is used on consective 2 REs  

												If length of OCC is 4, OCC sequence is used on consective 4 REs  

												If length of OCC is 8, OCC sequence is used on consective 8 REs.  

												Pattern A-3: OCC=2 in F domain																																		Pattern A-4: OCC=2,4,8 in F domain

																1st DMRS set for port 0,1																																		1st DMRS set for port 0-7



























												NOTE: Pattern A-3,A-4 are for better channel estimation for single DMRS symbol design without latency constraint

												Pattern A-5: OCC=2 in F domain,OCC=2 in time domain																																		Pattern A-6: OCC=2,4,or 8 in F domain, OCC = 2 in time domain

																1st DMRS set  																																		1st DMRS set 

																2nd DMRS set 																																		2nd DMRS set 

























												NOTE: Time domain OCC can be turned off.

												           The number of orthogonal ports is based on OCC length in both F and T domain.

												           Both PN and ZC can be supported for pattern 2,4,6.

												           DMRS sharing between PDCCH and PDSCH can be further considered.
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Pattern B

										Pattern B-1: OCC=2 in F domain																																		Pattern B-2: OCC=2,4,8 in F domain

														1st DMRS set for 0,1 port 																																		1st DMRS set for 0 - 7 port 

														2nd DMRS set for phase tracking and high doppler																																		2nd DMRS set for phase tracking and high doppler



























										Pattern B-3: OCC=2 in F domain																																		Pattern B-4: OCC=2,4,8 in F domain

														1st DMRS set for port 0,1 																																		1st DMRS set for port 0-7

														2nd DMRS set for phase tracking and high doppler																																		2nd DMRS set for phase tracking and high doppler



























										Pattern B-5: OCC=2 in F domain,OCC=2 in time domain																																		Pattern B-6: OCC=2,4,or 8 in F domain, OCC = 2 in time domain

														1st DMRS set 																																		1st DMRS set 

														2st DMRS set 																																		2st DMRS set 

														3rd DMRS set for phase tracking and high doppler																																		3rd DMRS set for phase tracking and high doppler

























										NOTE: For the second set DMRS or the third set DMRS for phase tracking and doppler, the density in both freqeuncy domain and time domain can be configurable, 

										          and the number of ports is assumed to 1 or 2 in these exmaples but it can be extended to support more number of ports if needed
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Pattern C

																		The first DMRS set of which subcarrier spacing is 4 times of that of PDSCH 











																		The second DMRS set has the same subcarrier spacing as that of PDSCH





























												NOTE: In the first DMRS set,same DMRS transmission can be repeated in multiple symbols for Rx beam detection as desribed in R1-1611411
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DMRS_design_Mitsubishi.xlsx
Fundamental DMRS unit

				DMRS

				Others





















										Front-loaded (FL)												Split FL												Combed FL												Fully loaded FL

										config 0												config 1												config 2												config 3

										Support for 8-bit OCC across subcarriers												Support for 2-bit or 4-bit OCC in the frequency domain												Support for 2-bit OCC in the frequency domain, flexible design												maximum capacity for DMRS





										Modified config 2 with reduced density (e.g., for scattered DMRS placements)





























Slot structure 1RB

				DMRS								Front-loaded, 8 layer support

				Others

























												Front-loaded, 8/16 layer support





























Slot structure 2RB

				DMRS

				Others

























												2RB Front-loaded, 8/16 layer support for reduced DMRS density



























































































































































OCC pattern

				# of layers supported						8-layer								8-layer								8-layer								16-layer						4-layer								8-layer

				OCC bit length						appilcable configuration								appilcable configuration								appilcable configuration								appilcable configuration						appilcable configuration								appilcable configuration



								occ0		0,1,2				occ0		occ0		0,1,2				occ0		occ1		0,1,2				occ0		occ1		0,1,2				occ0		3

								occ1						occ1		occ1						occ0		occ1						occ0		occ1						occ1

				2 bit				occ0						occ0		occ0						occ0		occ1						occ0		occ1						occ0

								occ1						occ1		occ1						occ0		occ1						occ0		occ1						occ1

								occ0						occ0		occ0						occ0		occ1						occ0		occ1						occ0

								occ1						occ1		occ1						occ0		occ1						occ0		occ1						occ1

								occ0						occ0		occ0						occ0		occ1						occ0		occ1						occ0

								occ1						occ1		occ1						occ0		occ1						occ0		occ1						occ1

																																						occ0

																																						occ1

																																						occ0

																																						occ1



								occ0		0,1												occ0		occ2		0,1,2				occ0		occ2		0,1,2										occ0		occ2		3

								occ1														occ1		occ3						occ1		occ3												occ1		occ3

				4 bit				occ2														occ0		occ0						occ0		occ2												occ0		occ2

								occ3														occ1		occ1						occ1		occ3												occ1		occ3

								occ0														occ0		occ2						occ0		occ2												occ0		occ2

								occ1														occ1		occ3						occ1		occ3												occ1		occ3

								occ2														occ0		occ0						occ0		occ2												occ0		occ2

								occ3														occ1		occ1						occ1		occ3												occ1		occ3

																																												occ0		occ2

																																												occ1		occ3

																																												occ0		occ2

																																												occ1		occ3



								occ0		0																				occ0		occ0		0

								occ1																						occ1		occ1

								occ2																						occ2		occ2

				8 bit				occ3																						occ3		occ3

								occ4																						occ4		occ4

								occ5																						occ5		occ5

								occ6																						occ6		occ6

								occ7																						occ7		occ7





























								Front-loaded (FL)				Split FL				Combed FL				Fully loaded FL

								config 0				config 1				config 2				config 3
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DMRS Pattern DOCOMO.xlsx
Pattern 1 (DOCOMO)

		Pattern1																																				High Doppler support A using Pattern1																																				Very high Doppler support A using Pattern1

						DMRS REs																																				DMRS REs																																				DMRS REs

























																																						High Doppler support B using Pattern1																																				Very high Doppler support B using Pattern1

																																										DMRS REs																																				DMRS REs

























																																																																										Very high Doppler support C using Pattern1

																																																																														DMRS REs





























Pattern 2 (DOCOMO)

		Pattern2																																				High Doppler support A using Pattern2																																				Very high Doppler support A using Pattern2

						DMRS REs																																				DMRS REs																																				DMRS REs

























																																						High Doppler support B using Pattern2																																				Very high Doppler support B using Pattern2

																																										DMRS REs																																				DMRS REs

























																																																																										Very high Doppler support C using Pattern2

																																																																														DMRS REs





























Pattern 3 (DOCOMO)

		Pattern3																																				High Doppler support using Pattern3																																				Very high Doppler support using Pattern3

						DMRS REs																																				DMRS REs																																				DMRS REs
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DMRS pattern-HW.xlsx
basic pattern-Alt1

				pattern1: total port num 1-4 ports

						DM-RS REs for 0-1 antenna port																														FDM or CDM based ports multiplexing

						DM-RS REs for 2-3 antenna port





























				pattern2: total port num 5-8 ports(option 1 for 5-8 ports)

						DM-RS REs for 0-1 antenna port

						DM-RS REs for 2-3 antenna port

						DM-RS REs for 4-5 antenna port

						DM-RS REs for 6-7 antenna port

























				pattern3: total port num 5-8 ports(option 2 for 5-8 ports)

						DM-RS REs for 0-1 antenna port

						DM-RS REs for 2-3 antenna port

						DM-RS REs for 4-5 antenna port

						DM-RS REs for 6-7 antenna port

















































				pattern4: total port num 9-12 ports

						DM-RS REs for 0-1 antenna port

						DM-RS REs for 2-3 antenna port

						DM-RS REs for 4-5 antenna port

						DM-RS REs for 6-7 antenna port

						DM-RS REs for 8-9 antenna port

						DM-RS REs for 10-11 antenna port

























				pattern5: total port num 13-16 ports

						DM-RS REs for 0-1 antenna port

						DM-RS REs for 2-3 antenna port

						DM-RS REs for 4-5 antenna port

						DM-RS REs for 6-7 antenna port

						DM-RS REs for 8-9 antenna port

						DM-RS REs for 10-11 antenna port

						DM-RS REs for 12-13 antenna port

						DM-RS REs for 14-15 antenna port





















































basic pattern-Alt2

				pattern1: total port num 1-8 ports

						DM-RS REs for 0-1 antenna port

						DM-RS REs for 2-3 antenna port

						DM-RS REs for 4-5 antenna port

						DM-RS REs for 6-7 antenna port

























				pattern2: maximum 12 ports

						DM-RS REs for 0-1 antenna port

						DM-RS REs for 2-3 antenna port

						DM-RS REs for 4-5 antenna port

						DM-RS REs for 6-7 antenna port

						DM-RS REs for 8-9 antenna port

						DM-RS REs for 10-11 antenna port

























				pattern3: maximum 16 ports

						DM-RS REs for 0-1 antenna port

						DM-RS REs for 2-3 antenna port

						DM-RS REs for 4-5 antenna port

						DM-RS REs for 6-7 antenna port

						DM-RS REs for 8-9 antenna port

						DM-RS REs for 10-11 antenna port

						DM-RS REs for 12-13 antenna port

						DM-RS REs for 14-15 antenna port
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basic+additional-Alt1

				pattern1: total port num 1-4 ports

						DM-RS REs for 0-1 antenna port																														FDM or CDM based ports multiplexing

						DM-RS REs for 2-3 antenna port

























				pattern2: total port num 5-8 ports(option 1 for 5-8 ports)

						DM-RS REs for 0-1 antenna port

						DM-RS REs for 2-3 antenna port

						DM-RS REs for 4-5 antenna port

						DM-RS REs for 6-7 antenna port

























				pattern3: total port num 5-8 ports(option 2 for 5-8 ports)

						DM-RS REs for 0-1 antenna port

						DM-RS REs for 2-3 antenna port

						DM-RS REs for 4-5 antenna port

						DM-RS REs for 6-7 antenna port

















































				pattern4: total port num 9-12 ports

						DM-RS REs for 0-1 antenna port

						DM-RS REs for 2-3 antenna port

						DM-RS REs for 4-5 antenna port

						DM-RS REs for 6-7 antenna port

						DM-RS REs for 8-9 antenna port

						DM-RS REs for 10-11 antenna port

























				pattern5: total port num 13-16 ports

						DM-RS REs for 0-1 antenna port

						DM-RS REs for 2-3 antenna port

						DM-RS REs for 4-5 antenna port

						DM-RS REs for 6-7 antenna port

						DM-RS REs for 8-9 antenna port

						DM-RS REs for 10-11 antenna port

						DM-RS REs for 12-13 antenna port

						DM-RS REs for 14-15 antenna port
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basic+additional-Alt2

				pattern1: total port num 1-8 ports

						DM-RS REs for 0-1 antenna port

						DM-RS REs for 2-3 antenna port

						DM-RS REs for 4-5 antenna port

						DM-RS REs for 6-7 antenna port

























				pattern2: maximum 12 ports

						DM-RS REs for 0-1 antenna port

						DM-RS REs for 2-3 antenna port

						DM-RS REs for 4-5 antenna port

						DM-RS REs for 6-7 antenna port

						DM-RS REs for 8-9 antenna port

						DM-RS REs for 10-11 antenna port

























				pattern3: maximum 16 ports

						DM-RS REs for 0-1 antenna port

						DM-RS REs for 2-3 antenna port

						DM-RS REs for 4-5 antenna port

						DM-RS REs for 6-7 antenna port

						DM-RS REs for 8-9 antenna port

						DM-RS REs for 10-11 antenna port

						DM-RS REs for 12-13 antenna port

						DM-RS REs for 14-15 antenna port
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Ericsson_PDSCH_PUSCH_DMRS_patterns.zip


Ericsson_PDSCH_PUSCH_DMRS_patterns.xlsx

Ericsson single front


			0			1			2			3			4			5			6			7			8			9			10			11			12			13


			Pattern 1: RPF=4, Port 1-4 are FDMed, Port 5-8 are CDM using OCC on top of ports 1-4, respectively


			Pattern 2: RPF=2, Port 1-2 are FDMed, Port 3-4 are CDM using OCC on top of ports 1-2, respectively


			Pattern 3: RPF=1, Port 1 is FDMed, more ports are possibly CDM using OCC on top of ports 1


									DM-RS REs for antenna ports 1/5																																										DM-RS REs for antenna ports 1/3																																				DM-RS REs for antenna ports 1/2


									DM-RS REs for antenna ports 2/6																																										DM-RS REs for antenna ports 2/4


									DM-RS REs for antenna ports 3/7


									DM-RS REs for antenna ports 4/8




























































































Ericsson double front


			0			1			2			3			4			5			6			7			8			9			10			11			12			13


			Pattern 4: RPF=2: up to 4 layers with T-CDM (without PTRS present)


			Pattern 5: RPF=4,up to 8 layers without CDM


			Pattern 5_16p: RPF=4,up to 16 layers with CDM


									DM-RS REs for antenna ports 1/3																																										DM-RS REs for antenna ports 1																																							DM-RS REs for antenna ports 1/9


									DM-RS REs for antenna ports 2/4																																										DM-RS REs for antenna ports 2																																							DM-RS REs for antenna ports 2/10


																																																			DM-RS REs for antenna ports 3																																							DM-RS REs for antenna ports 3/11


																																																			DM-RS REs for antenna ports 4																																							DM-RS REs for antenna ports 4/12


																																																			DM-RS REs for antenna ports 5																																							DM-RS REs for antenna ports 5/13


																																																			DM-RS REs for antenna ports 6																																							DM-RS REs for antenna ports 6/14


																																																			DM-RS REs for antenna ports 7																																							DM-RS REs for antenna ports 7/15


																																																			DM-RS REs for antenna ports 8																																							DM-RS REs for antenna ports 8/16

























































































Ericsson high Doppler


			0			1			2			3			4			5			6			7			8			9			10			11			12			13


			Pattern 6: RPF=4, Port 1-4 are FDMed, Port 5-8 are CDM using OCC on top of ports 1-4, respectively


			Pattern 7: RPF=2, Port 1-2 are FDMed, Port 3-4 are CDM using OCC on top of ports 1-2, respectively


			Pattern 8: RPF=1, Port 1 is FDMed, more ports are possibly CDM using OCC on top of ports 1


									DM-RS REs for antenna ports 1/5																																																DM-RS REs for antenna ports 1/3																																																DM-RS REs for antenna ports 1/2


									DM-RS REs for antenna ports 2/6																																																DM-RS REs for antenna ports 2/4


									DM-RS REs for antenna ports 3/7


									DM-RS REs for antenna ports 4/8




























































































Ericsson reference


						Pattern 9																																																			Pattern 10


												DM-RS REs for antenna ports 1/3, CDM in time																																																			DM-RS REs for antenna ports 1


												DM-RS REs for antenna ports 2/4, CDM in time																																																			DM-RS REs for antenna ports 2
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DMRS for PDSCH and PUSCH - Evaluation candidates.pdf
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cSCRIPTION

U

RPF=4: 1-4 layers without F-CDM, 5-8 layers with F-CDM

RPF=2: 1-2 layers without F-CDM, 1-4 layers with F-CDM

RPF=1: single layer without F-CDM, >1 layers with F-CDM

RPF=2: up to 4 layers with T-CDM (without PTRS present), > 4 layers with also F-CDM
RPF=4: up to 8 layers without CDM; 9-16 layers with CDM per comb

Same as 1 for supporting higher Doppler

Same as 2 for supporting higher Doppler

Same as 3 for supporting higher Doppler

For performance comparison (DL centric and CP-OFDM UL)

10. For performance comparison (DL centric and CP-OFDM UL)
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DMRS_Qualcomm.xlsx
DMRS structures definition

		"1-symbol" DMRS structure (up to 8 ports)														Note 1: Data may be multiplexed with RS when combs are not being used

		4-comb with cyclic shifts inside each comb								2-comb with cyclic shifts inside each comb

		P2/P6				P1/P5				P0/P1/P4/P5				P2/P3/P6/P7

		P0/P4				P3/P7				P2/P3/P6/P7				P0/P1/P4/P5

		P1/P5				P2/P6				P0/P1/P4/P5				P2/P3/P6/P7

		P3/P7				P0/P4				P2/P3/P6/P7				P0/P1/P4/P5

		P2/P6				P1/P5				P0/P1/P4/P5				P2/P3/P6/P7

		P0/P4				P3/P7				P2/P3/P6/P7				P0/P1/P4/P5

		P1/P5				P2/P6				P0/P1/P4/P5				P2/P3/P6/P7

		P3/P7				P0/P4				P2/P3/P6/P7				P0/P1/P4/P5

		P2/P6				P1/P5				P0/P1/P4/P5				P2/P3/P6/P7

		P0/P4				P3/P7				P2/P3/P6/P7				P0/P1/P4/P5

		P1/P5				P2/P6				P0/P1/P4/P5				P2/P3/P6/P7

		P3/P7				P0/P4				P2/P3/P6/P7				P0/P1/P4/P5

		Port mapping A				Port mapping B				Port mapping C				Port mapping D

		Comb Offset 0				Comb Offset 2				Comb Offset 0				Comb Offset 1

		"2-symbol" DMRS structure (up to 8 ports)

		2-comb (TD-OCC across consecutve symbols and cyclic shifts in each comb)

		P0/P1/P4/P5		P0/P1/P4/P5

		P2/P3/P6/P7		P2/P3/P6/P7

		P0/P1/P4/P5		P0/P1/P4/P5

		P2/P3/P6/P7		P2/P3/P6/P7

		P0/P1/P4/P5		P0/P1/P4/P5

		P2/P3/P6/P7		P2/P3/P6/P7

		P0/P1/P4/P5		P0/P1/P4/P5

		P2/P3/P6/P7		P2/P3/P6/P7

		P0/P1/P4/P5		P0/P1/P4/P5

		P2/P3/P6/P7		P2/P3/P6/P7

		P0/P1/P4/P5		P0/P1/P4/P5

		P2/P3/P6/P7		P2/P3/P6/P7





Self-contained 14-symb slot

		TDD system assumed with 12 total DL symbols including one or two symbols with DL control. If DL control is one symbol, then data may be added on the second symbol. 

		DMRS patterns for low latency application where ACK/NAK for the data of the slot needs to be trasmitted at the end of the same slot.

		Note: The pattern in parentheses correspond to the case of the 2-comb "1-symbol" DMRS structures (defined in sheet 1). 

		DL

		0		1		2		3		4		5		6		7		8		9		10		11

						Port mapping A (C)																						1 OFDM symbol with "1-symbol" DMRS structure























		0		1		2		3		4		5		6		7		8		9		10		11

																												1 OFDM symbol with "2-symbol" DMRS structure























		0		1		2		3		4		5		6		7		8		9		10		11

						Port mapping A  (C) 						Port mapping A  (C) 																2 OFDM symbols with  "1-symbol" DMRS structure (non-staggered)























		0		1		2		3		4		5		6		7		8		9		10		11

						Port mapping  A (C)						Port mapping B (D)																2 OFDM symbols with  "1-symbol" DMRS structure (staggered)





























No-self-contained 14-symb slot

		TDD system assumed with 12 total DL symbols including one or two symbols with DL control. If DL control is one symbol, then data may be added on the second symbol. 

		DMRS patterns for low latency application where ACK/NAK for the data of the slot needs to be trasmitted at the end of the same slot.

		Note: The pattern in parentheses correspond to the case of the 2-comb "1-symbol" DMRS structures (defined in sheet 1). 

		DL

		0		1		2		3		4		5		6		7		8		9		10		11

						Port mapping A  (C) 						Port mapping A  (C) 						Port mapping A  (C) 						Port mapping A  (C) 				4 "1-symbol" DMRS structure (non-staggered)

























		0		1		2		3		4		5		6		7		8		9		10		11

						Port mapping  A (C)						Port mapping B (D)						Port mapping  A (C)						Port mapping B (D)				4 "1-symbol" DMRS structure (staggered)

























		0		1		2		3		4		5		6		7		8		9		10		11

						Port mapping  A (C)																		Port mapping B (D)				2 "1-symbol" DMRS structure 
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DMRS pattern_LG.xlsx
Time density

				For a slot with 7 OFDM symbols

				Pattern 1

																																				For maximum 8 DMRS ports

																																				Time desity(%)								20





















				Figure 1

				Reference: R1-1611812

				For a slot with 14 OFDM symbols (low speed)																																For maximum 8 DMRS ports

				Pattern 2																																Time desity(%)								8.3333333333

























				Figure 1

				Reference: R1-1611812

				For a slot with 14 OFDM symbols (medium speed)																																For maximum 8 DMRS ports

				Pattern 3																																Time desity(%)								16.6666666667

























				Figure 2 (a)

				Reference: R1-1611814

				For a slot with 14 OFDM symbols (high speed)																																For maximum 8 DMRS ports

				Pattern 4																																Time desity(%)								33.3333333333

























				Figure 2 (a)

				Reference: R1-1611814





Candidate 1 (FDM-8)

																																		For  up to Rank-1																For up to Rank-2																For  up to Rank-3																For up to Rank-4																For  up to Rank-5																For up to Rank-6																For  up to Rank-7																For up to Rank-8

		- Frequency Position														DMRS port 1



		- Frequency Position														DMRS port 2



		- Frequency Position														DMRS port 3



		- Frequency Position														DMRS port 4



		- Frequency Position														DMRS port 5



		- Frequency Position														DMRS port 6



		- Frequency Position														DMRS port 7



		- Frequency Position														DMRS port 8



















																																		Figure 2 (a)

																																		Reference: R1-1611812





Candidate 2 (FDM-2&CDM-4)

																																		For  up to Rank-2																For up to Rank-8

		DMRS port group 1

		- Frequency Position														DMRS port 1,3,5,7

		- Orthogonal sequence												4-OCC

		 -Scrambling sequence												Same PN sequence for four DMRS ports



		DMRS port group 2

		- Frequency Position														DMRS port 2,4,6,8

		- Orthogonal sequence												4-OCC

		 -Scrambling sequence												Same PN sequence for four DMRS ports







																																		Figure 2 (b)

																																		Reference: R1-1611812





Candidate 3 (Comb-2&CDM-4)

																																		For up to Rank-2																For up to Rank-8

		DMRS port group 1

		- Frequency Position														DMRS port 1,3,5,7

		- Orthogonal sequence												4-DFT

		 -Scrambling sequence												Same PN sequence for four DMRS ports



		DMRS port group 2

		- Frequency Position														DMRS port 2,4,6,8

		- Orthogonal sequence												4-DFT

		 -Scrambling sequence												Same PN sequence for four DMRS ports







																																		Figure 2 (c)

																																		Reference: R1-1611812





Candidate 4 (CDM-8)

																																		For up to rank-8

		DMRS port group 1

		- Frequency Position														DMRS port 1,2,3,4,5,6,7,8

		- Orthogonal sequence												8-DFT

		 -Scrambling sequence												Same PN sequence for all DMRS ports

















																																		Figure 2 (d)

																																		Reference: R1-1611812
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DM-RS design for  DL  Nokia.xlsx


DM-RS design for DL  Nokia.xlsx
Nokia Basic pattern

		0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																																upto 8 ports

		Single port																														Port 1-4 are FDMed, Port 5-8 are CDM using OCC on top of ports 1-4, respectively

						DM-RS REs for antenna port 1																														DM-RS REs for antenna ports 1/5

																																				DM-RS REs for antenna ports 2/6

																																				DM-RS REs for antenna ports 3/7

																																				DM-RS REs for antenna ports 4/8

		7 symbol slot																														7 symbol slot

























		14 symbol slot



























































Nokia 16 AP pattern

				0		1		2		3		4		5		6		7		8		9		10		11		12		13

				upto 16 ports

				Port 1-4 are FDMed, Port 5-8 are CDM using OCC on top of ports 1-4, respectively

				Port 9-12 are FDMed, Port 13-16 are CDM using OCC on top of ports 9-12, respectively



								DM-RS REs for antenna ports 1/5																								DM-RS REs for antenna ports 9/13

								DM-RS REs for antenna ports 2/6																								DM-RS REs for antenna ports 10/14

								DM-RS REs for antenna ports 3/7																								DM-RS REs for antenna ports 11/15

								DM-RS REs for antenna ports 4/8																								DM-RS REs for antenna ports 12/16

				7 symbol slot

























				14 symbol slot





























Nokia High-speed support

						0		1		2		3		4		5		6		7		8		9		10		11		12		13										0		1		2		3		4		5		6		7		8		9

										DM-RS REs for antenna ports 1/5																																				PT-RS REs for 1/5 antenna port

										DM-RS REs for antenna ports 2/6																																				PT-RS REs for 2/6 antenna port

										DM-RS REs for antenna ports 3/7																																				PT-RS REs for 3/7 antenna port

										DM-RS REs for antenna ports 4/8																																				PT-RS REs for 2/6 antenna port



						7 symbol slot																																				7 symbol slot with 4 PRB bundling																								14 symbol slot with 4 PRB bundling





























						14 symbol slot
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DMRS Patterns  CATT.xlsx


DMRS Patterns CATT.xlsx
Base patterns





						1-2 ports



























												CDM-F







						3-4 ports



























												CDM-F







						5-8 ports



























												CDM-F+TDM









Patterns for 7-symbol slot 





						1-2 ports

























































																								CDM-F







						3-4 ports

























































																								CDM-F







						5-8 ports

























































																								CDM-F+TDM







Patterns for 14-symbol slot





						1-2 ports























































































































				CDM-F







						3-4 ports























































































































				CDM-F







						5-8 ports























































































































				CDM-F+TDM
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OCC=2

A/B

OCC=2

A/B

A/B

C/D

A/B

C/D

Pattern1 

(2 ports)

Pattern2 

(2 ports)

OCC=2

OCC=2

OCC=2

OCC=2

A/B

A/B

A/B

A/B

Pattern2 

(4 ports)

OCC=2

OCC=2

OCC=2

OCC=2

*A,B,C,D indicate DMRS port number 
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DM-RS patterns  Intel.xlsx


DM-RS patterns Intel.xlsx
Intel (CDM-2 group spacing 1)

		Sector 1

						DM-RS REs for 0,1 antenna port

























		Sector 2

						DM-RS REs for 0,1 antenna port

























		Sector 3

						DM-RS REs for 0,1 antenna port





























Intel (CDM-2 group spacing 2)

		Sector 1

						DM-RS REs for 0-1 antenna port

























		Sector 2

						DM-RS REs for 0-1 antenna port

























		Sector 3

						DM-RS REs for 0-1 antenna port





























Intel (DM-RS all ports)

		Sector 1 (4 ports)

						DM-RS REs for 0-1 antenna port

						DM-RS REs for 2-3 antenna port

























		Sector 1 (8 ports)

						DM-RS REs for 0,1,4,6 antenna port

						DM-RS REs for 2,3,5,7 antenna port





























Intel Front-loaded

		1 sector

						DM-RS REs for 0,1 antenna port

						DM-RS REs for 2,3 antenna port

























		1 sector

						DM-RS REs for 0,1 antenna port

						DM-RS REs for 2,3 antenna port





























Intel High density

						DM-RS REs for 0,1 antenna port

						DM-RS REs for 2,3 antenna port





























Intel ZP DM-RS

						DM-RS REs for 0,1 antenna port

						ZP DM-RS REs

























						DM-RS REs for 0,1 antenna port

						ZP DM-RS REs






























