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Introduction
In RAN1 NR Ad-Hoc#2, the following agreements were made with respect to DMRS associated with DFT-S-OFDM based data transmissions
· 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)

[bookmark: _Hlk490235684]For DFT-S-OFDM based transmissions, it has been previously decided to use DMRS derived from Zadoff-Chu sequences and to only support single-layer PUSCH transmissions. In this contribution, we discuss locations of the uplink DMRS symbols, DMRS sequence design for the DFT-S-OFDM waveform as well as higher. Evaluations and DL DMRS are addressed in the companion contributions [1][2][3].
Location of UL DMRS symbols
When considering normal slots in TDD (i.e. slots with either DL or UL) or in FDD, the locations of the UL DMRS symbols can in principle be aligned with the locations of the DL DMRS symbols. In DL though, the length of the PDCCH region will define the start of the DL DMRS which will not necessary be the case in UL so the start of the UL DMRS could in principle be in the first OFDM symbol of the UL transmission. On the other hand, transmitting UL DMRS in the first OFDM symbol of the transmission may degrade the channel estimation due to potential transmit power ramping effects.
Observation 1: Transmit power ramping may need to be considered in the location of UL DMRS symbols.
A unified DL and UL location of the DMRS symbols will however not be possible in general for slots including both DL and UL transmissions, as illustrated in Figure 1 for the case of a PDCCH region of two OFDM symbols. In this case the guard period in the UL heavy slot delays the first UL DMRS transmission and considering potential UL power ramping impacts on the first UL OFDM symbol the start of the UL DMRS may even need to be further delayed with one OFDM symbol.
Proposal 1: The first symbol of front loaded UL DMRS is in the 2nd OFDM symbol of a PUSCH transmission.
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[bookmark: _Ref490133075]Figure 1. Locations of front-loaded DMRS symbols in DL heavy and UL heavy slots.

To enable spatial multiplexing of different waveforms, the locations of UL DMRS symbols should be the same for CP-OFDM and DFT-S-OFDM waveforms.

Proposal 2: The locations of UL DMRS symbols are the same for CP-OFDM and DFT-S-OFDM waveforms.
On DMRS sequence design in DFT-S-OFDM waveforms
For DFT-S-OFDM transmissions, it has been previously agreed to base DMRS for PUSCH on Zadoff-Chu sequences. The number of available ZC sequences will as in LTE depend on the size of the resource allocation implying that for small scheduling bandwidths one may need to consider QPSK based DMRS with low CM/PAPR properties as in LTE. In LTE rel. 14, a 2-Comb based UL DMRS design was introduced which we suggest is reused for DFT-S-OFDM.  
Proposal 3: For DFT-S-OFDM, reuse the LTE rel.14 UL DMRS design and associated higher-layer configuration signaling.
Higher layer configuration of DMRS
DMRS patterns
In our view, there are three main DMRS patterns with different use cases:
1. Front loaded + additional symbol(s)
2. Front loaded
3. High speed configuration

The first pattern would be the normal case, used in FDD and in TDD and can support a variety of UE speeds. The front loaded only pattern is useful in scenarios with very low Doppler and self-contained HARQ-ACK feedback slots and a typical case is the small cell operation. The third pattern has two main use cases, high speed train operation (fulfilling the ~500 km/h requirement) and for PDSCH transmission in initial access and random-access procedures, i.e. a default pattern. This third pattern has very large overhead as three or four OFDM symbols are used in the slot (TBD) but has the benefit that it can be used to adjust for both time and frequency errors as it has a uniform 2D structure, similar to TRS. This is useful for such initial communication before the TRS has been configured to the UE. 
In our view, the configuration between 1,2 and 3 should be a higher layer configuration and is valid for both UL and DL simultaneously, as the selection is highly dependent on the deployment scenario. 
Proposal 4: The UE is higher layer configured with either Front loaded, Front loaded +additional symbol or the high speed DMRS configuration, for both UL and DL simultaneously.
We thus suggest the RRC parameter DMRS-Additional, which indicates whether there is a second group of 1 OFDM symbol or 2 adjacent OFDM symbols in the slot carrying DMRS. We also suggest the RRC parameter DMRS-High speed, which indicates whether the high speed DMRS pattern should be used. If ON, then it applies to both UL and DL and makes DMRS type for UL and DL obsolete (as a single special high-speed pattern is used). Default value is ON and used for initial access and RAR procedures.
In addition, there are configuration type 1 and type 2 which are associated with high and low DMRS density, respectively. Type 2 is used when a high order MU-MIMO transmission or reception is used at the gNB. There are gNB implementations where MU-MIMO is used in one direction only, hence it is beneficial if the type configuration is independent for UL and DL. 
Proposal 5: DMRS configuration type is independently higher layer configured for UL and DL respectively.
About FDM between DMRS and data 
In the case of CP-OFDM, when the maximum number of orthogonal DMRS ports supported by the DMRS configuration type will not be considered in certain deployments, then resources allocated for the unused DMRS ports should be used in the case of for data transmission to reduce unnecessary overhead. Thus, it should be possible via higher-layer signaling to indicate a subset of the possible DMRS ports that the network intends to use. A UE transmitting such message shall map data on the unused DMRS ports unless DCI indicates no FDM with data.
[bookmark: _Hlk490230544]Proposal 6:  For CP-OFDM, high layer signaling indicates the active subset of antenna ports (i.e. max number of layers) and UE can transmit PUSCH in REs associated with inactivated antenna ports unless DCI indicates no FDM with data in which case UE shall not map PUSCH to OFDM symbols containing DMRS.
UE-specific DMRS scrambling IDs
It has been agreed to use PN sequence for CP-OFDM DMRS, and as in LTE DMRS, to be able to support flexible network deployments and UL CoMP, the sequence seed for DMRS should be configured by higher layers (similar to VCID in LTE).  Before configuration, e.g. for RAR MSG3, a default value must be used, e.g. based on some identifier obtained from the SSB detection.
In base station deployments with larger antenna arrays it will be possible to transmit and receive with narrow beams and support an even higher degree of MU-MIMO layer reception/transmission than can be supported by the twelve orthogonal DMRS ports. In the case of spatial isolation between users, DMRS orthogonality is not always necessary and instead of adding more orthogonal DMRS ports it would be sufficient the ensure low cross-correlations across DMRS ports. It is crucial that such non-orthogonal DMRS ports are associated with different scrambling IDs to avoid biased channel estimates and by then measure the inter-layer interference properly. Hence, relaying on spatial isolation only and reuse DMRS ports with same scrambling ID is not desirable.
The left-hand side of Figure 2 illustrates a scenario with two groups of two UEs being assigned different scrambling IDs, where the UEs within each group are sharing the orthogonal DMRS ports. In comparisons to using a single scrambling ID per TP, as illustrated on the right-hand side of the figure, the number of MU-MIMO layers could be significantly higher than the number of orthogonal DMRS ports. If also considering UL COMP scenarios, the set of scrambling IDs should at least be 4.
Proposal 7: Support a set of at least 4 higher layer configurable scrambling IDs for UL DMRS from which a scrambling ID can be dynamically assigned.
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[bookmark: _Ref490244641]Figure 2. Extending the number of MU-MIMO layers via multiple scrambling IDs.
Resource-specific DMRS mapping
One need to decide on whether the DMRS sequence shall be resource-specific or depend on the UE bandwidth, which could refer to scheduling bandwidth and/or to certain UE operation bandwidth. In LTE, resource-specific sequence was adopted for DL DMRS transmissions on antenna ports 7 to 14 where the DMRS sequence could be readily defined for the 20MHz system bandwidth per CC. However, when UEs have different operation bandwidth capabilities, the system bandwidth and the operation bandwidth of the UE may not be the same. It would be desirable from a specification point of view if the system bandwidth could be transparent for a UE.
Figure 3 illustrates a resource-specific DMRS sequence mapping where two UEs have operation bandwidths that partly overlap. In this case, the resource-specific DMRS sequences used by the UEs represent segments taken from the long DMRS sequence on the left-hand side. This long DMRS sequence may refer to largest possible UE operation bandwidth or to a large fictive system bandwidth seen from the network side. If the UEs are configured with same initialization parameters the overlapping DMRS will evidently be identical which enables DMRS port multiplexing via CDM in frequency across UEs with different operation bandwidths. In this illustration, the higher layer signaling of the parameter  and the operation/configured UE bandwidth define which part of the long DMRS sequence the UE shall use in transmissions of data. The long DMRS sequence will depend on configured scrambling ID.
Proposal 8: DMRS sequence shall be resource-specific and defined by a scrambling ID and a higher-layer signaled offset parameter.
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Figure 3. Illustration of a resource-specific DMRS sequence.
Conclusion
Here is a summary of the proposals in this contribution:
Proposal 1: The first symbol of front loaded UL DMRS is in the 2nd OFDM symbol of a PUSCH transmission.
Proposal 2: The locations of UL DMRS symbols are the same for CP-OFDM and DFT-S-OFDM waveforms.

Proposal 3: For DFT-S-OFDM, reuse the LTE rel.14 UL DMRS design and associated higher-layer configuration signaling.
Proposal 4: The UE is higher layer configured with either Front loaded, Front loaded +additional symbol or the high speed DMRS configuration, for both UL and DL simultaneously.
Proposal 5: DMRS configuration type is independently higher layer configured for UL and DL respectively.
Proposal 6:  For CP-OFDM, high layer signaling indicates the active subset of antenna ports (i.e. max number of layers) and the UE can transmit PUSCH in REs associated with inactivated antenna ports unless DCI indicates no FDM with data in which case UE shall not map PUSCH to OFDM symbols containing DMRS.
Proposal 7: Support a set of at least 4 higher layer configurable scrambling IDs for UL DMRS from which a scrambling ID can be dynamically assigned.
Proposal 8: DMRS sequence shall be resource-specific and defined by a scrambling ID and a higher-layer signaled offset parameter.
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