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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 NR adhoc#2, the agreements regarding CP-OFDM DMRS are as following:
Agreements:
· The working assumption made in RAN1#89 for DM-RS is updated and agreed as follows for CP-OFDM:
· 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:
· 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}.
· 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.
· Note: If there are significant complexity/performance issues involved in the above agreements, down-selection can still be discussed
The agreements regarding DFT-S-OFDM DMRS are as following:
Agreements:
· For DFT-S-OFDM based PUSCH DMRS
· DMRS are mapped to resource elements using a comb structure (IFDMA). 
· DMRS and associated PUSCH are multiplexed in time domain
· At least the following (repetition factor, CS) combinations is supported
·  (2, 2)
· Front load DMRS is allocated to 1 or 2 OFDM symbols
· When 2 OFDM symbols are allocated, TD-OCC ({1 1} and {1 -1}) are supported for orthogonal DMRS port multiplexing.
· FFS the detailed applicability of 1 vs. 2 OFDM symbols
· FFS the location of the DMRS symbol(s)
The agreement regarding DMRS symbol numbers are as following:
Agreements:
· The number of front-load DMRS symbols can be 1 or 2 when the number of DMRS ports allocated to UE is equal or less than N
· N is 4 for Configuration 1 and 6 for Configuration 2.
· FFS the details to determine 1 or 2 symbols
In this contribution, we discuss the determination of 1 or 2 symbols for front-loaded DMRS.
2 Discussion
2.1 DMRS symbol occupation for DFT-S-OFDM
For DFT-S-OFDM, only single layer is supported per UE. The CS, Comb and OCC are mainly used to differentiate multiple UEs. 
From frequency domain perspective, if comb is used to differentiate multiple UEs, different frequency domain subcarriers will be used for different UEs. While there is already an agreement to allow time domain multiplexing of DMRS and data only, which means that no matter multiple UEs adopt different Combs or not, the blank subcarriers for a single UE will be kept empty. For example, if a UE is configured with comb 0, then only the even subcarriers will be used to carry DMRS, and the odd subcarriers will be kept blank, and there will be no data transmission on the DMRS bearing symbol. With both CS and Comb, at most four DFT-S-OFDM UEs can be multiplexed in a transparent manner.
In the time domain, CS and Comb only occupies a single symbol, while OCC needs two symbols. The motivation to use OCC is to support more MU UEs and to provide more accurate channel estimation for a single UE. If there are less than 4 UEs for MU multiplexing, and the channel estimation accuracy with single DMRS symbol is satisfying, then only 1 DMRS symbol is necessary, and the other DMRS symbol can be used for data transmission to improve spectral efficiency. In other words, the UE needs to know when the DMRS occupies one symbol and when the DMRS occupied two symbols.
There are three alternatives to determine the DMRS bearing symbol for the front-loaded DMRS:
· Alt 1: Implicitly indicated by DMRS port/resource indication/configuration.
· Alt 1-1: Based on whether OCC(+1,-1) is used by the UE
· Alt 1-2: Based on whether additional DMRS is configured
· Alt 2: UE always assume two-symbol or one-symbol front-loaded DMRS occupation
· Alt 3: Explicit signaling to indicates one symbol or two-symbol
For Alt 1-1, if OCC (+1,+1) is indicated to the UE, the UE can assume there is one symbol for the front-loaded DMRS, otherwise, the UE can assume there are two symbols for the front-loaded DMRS. In this case, at most 4 UEs can be multiplexed in a transparent manner. The usage scenario of this case is mainly for more accurate channel estimation. The advantage is that there is no signaling overhead, and meanwhile it can support one symbol and two-symbol front-loaded DMRS occupation in a flexible manner.
For Alt 1-2, if additional DMRS is used, the front-loaded DMRS occupies one symbol. 
For Alt 2, this can be considered as a predefined/default DMRS time domain symbol occupation. At most 8 UEs can be multiplexed in a transparent manner if two-symbols are always assumed. More DMRS symbols can result in more accurate channel estimation. The disadvantage is the relatively large signaling DMRS overhead. With one-symbol DMRS assumption, at most 4 UEs can be multiplexed in a transparent manner. 
For Alt 3, 1 bit signaling can be used to indicate whether one symbol or two symbols are used. The signaling can be RRC or UE-specific DCI signaling. 
2.2 DMRS symbol occupation for CP-OFDM
For CP-OFDM, at most 8 layers can be supported by a single UE, and at most 12 UEs can be multiplexed together. There are two types of configurations for CP-OFDM. Type 1 is to multiplex the multiple layers or UEs by CS+Comb+TD-OCC, and Type 2 is by FDM+FD-OCC+TD-OCC.
In LTE DL, the port mapping order is predefined in specification, and port group indication is used to determine the DMRS bearing REs. In LTE UL, the port mapping order is indicated in UE-specific DCI, and the transmission layer is indicated to determine the DMRS bearing REs. For example, if the transmission layer is L, then the DMRS ports 7 to 7+L-1 is used for LTE UL.
In NR, regarding CS multiplexing, even only CS0 is used, all the REs in a comb and a symbol are necessary for channel estimation. Regarding FDM and comb, only the subcarrier corresponding to the specific comb and FDM value is necessary for channel estimation. For FD-OCC and TD-OCC, if only OCC (+1,+1) is used, then only one subcarrier/symbol is necessary for channel estimation. If both OCC (+1,+1) and (+1,-1) are used, then two adjacent subcarriers/symbols are necessary for channel estimation.
For a UE with specific actual used DMRS bearing Res, if only OCC (+1,+1) is adopted and if the channel estimation performance can be satisfied by the first subcarrier or the first symbol, it is reasonable to restrict the DMRS to the first subcarrier/symbol, and to make more REs for data transmission.
Here we also listed several options to determine the DMRS symbol number.
In the frequency domain, the DMRS symbol number can be:
· Alt 1: Based on whether OCC sequence (+1,-1) is used in frequency domain for any of UE’s DMRS ports
· Alt 2: Predefined in specification on one symbol or two symbols
· Alt 3: Explicit signaling signaling to configure one symbol or two symbols.
In the time domain, similar options can also be used.
The pros and cons of the three alternatives are similar to that of DFT-S-OFDM.
Proposal: Support at least one of the following alternatives to determine DMRS symbol number:
Alt 1: Implicitly indication by OCC sequence configuration;
Alt 2: Fixed to one or two symbols
Alt 3: Explicit RRC/DCI signaling to indicate the DMRS symbol number
3 Conclusion
In this contribution, we analyzed several methods to determine the DMRS symbol number occupation for front-loaded DMRS considering different waveforms, and our proposal is as following:
Proposal: Support at least one of the following alternatives to determine DMRS symbol number:
Alt 1: Implicitly indication by OCC sequence configuration;
Alt 2: Fixed to one or two symbols
Alt 3: Explicit RRC/DCI signaling to indicate the DMRS symbol number
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