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Introduction
In the past meetings, decisions have been made concerning the NR waveform up to 40MHz, at least for eMBB. In RAN1#86, it was decided that [1]: 
· At least up to 40 GHz for eMBB and URLLC services, NR supports CP-OFDM based waveform
· From RAN1 perspective, spectral confinement technique(s) (e.g. filtering, windowing, etc.) for a waveform at the transmitter is transparent to the receiver
In RAN1#86b it was also decided that a second waveform is supported in UL at least for eMBB data transmission [2]: 
· NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz
· FFS additional low PAPR techniques 
· CP-OFDM waveform can be used for a single-stream and multi-stream (i.e. MIMO) transmissions, while DFT-S-OFDM based waveform is limited to a single stream transmissions (targeting for link budget limited cases)
· Network can decide and communicate to the UE which one of CP-OFDM and DFT-S-OFDM based waveforms to use
· Note: both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs
It was considered that for the support of DFT-S-OFDM as a second complementary UL waveform, some precautions need to be taken [2]: 
· RAN1 should target for a common framework in designing CP-OFDM and DFT-S-OFDM based waveforms (without compromising CP-OFDM performance/complexity), e.g., control channels, RS, etc.
In this contribution, we investigate the need and feasibility of a common framework in terms of RS design between DFT-s-OFDM and OFDM. 

Necessity of a common framework
From an implementation point of view, DFTsOFDM and OFDM waveforms are very similar, DFTsOFDM being a precoded version of OFDM, where the DFT precoding has the property of reducing the PAPR. This property was considered important especially for link-budget limited users (e.g. cell-edge users). 
Having a common framework between DFTsOFDM and OFDM simplifies the specification effort and common design should be used whenever it does not engender any performance degradation, or when it can enable performance gain through, e.g., interference cancellation/mitigation methods. Nevertheless, simplifying the specification effort should not compromise the system performance in the cases where there is no clear need of commonality. In our companion contribution [3] we show that common UL control channel design may be beneficial for both waveforms and that it can be achieved under certain conditions. 
From a RS design point of view, due to the similarities between the two waveforms, common design can be achieved since patterns optimized for one waveform can always be applied to the other, but such an approach may bring some performance loss. In this contribution, we investigate whether common RS design is beneficial from a performance point of view.

Common framework in terms of RS
In the last RAN1#86b meeting, the following was decided [2] concerning UL RS design:
· At least the following RSs are supported for NR uplink
· SRS: Reference signal with main functionalities of CSI acquisition, beam management
· FFS: RRM measurement
· 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
· FFS: Reference signal for RRM measurement
· FFS whether new RS or RS for other functionalities can be used
Also, variable/configurable DL/UL RS pattern for demodulation will be studied, where at least the density can be configured. Multi-set DL/UL RS for control and/or data demodulation will be studied, the first set is front loaded, and other sets can be configured for other purposes. 
Independently of the configured waveform used for UL transmission, having low PAPR RS sequences is beneficial.
In low bands (e.g. below 6GHz) DFTsOFDM and OFDM users can be either TDMed or FDMed. As long as SU-MIMO transmission is used or MU-MIMO is performed among users configured with the same waveform, there is no need for a common DM-RS pattern. Users configured with DFTsOFDM in link budget limited scenarios can use full DM-RS patterns and conserve the advantages of using DFTsOFDM. To reduce the DM-RS overhead, multiplexing data and RS in the same DFTsOFDM symbol is possible with negligible PAPR increase by using simple methods e.g. comb-like interleaved half-data half-pilot structures [3]. 
The need of performing MU-MIMO among users with link-limited budget configured with DFTsOFDM and users with good link budget capable of multi-layer SU-MIMO transmission is unclear. Further degrading the performance of a link-budget limited user by using a PAPR-increasing DM-RS pattern might render that user unable of handling further interference due to MU-MIMO pairing.
In higher bands (e.g. above 6GHz) DFTsOFDM and OFDM users will be mostly TDMed. For similar reasons as the ones exposed here-above, there is no clear benefit from a common DM-RS (or phase tracking RS, if configured) pattern.
Concerning inter-cell DM-RS interference mitigation, applying LTE-like methods (e.g. group/sequence hopping) may be ineffective regardless of the configured waveform. RS patterns in NR will have varying densities and/or on/off configuration. Moreover, neighboring cells may not necessarily use the same subbands for different numerologies. 
When the same numerology is used among different cells for the same subbands, in small cells link-budget limited users may not exist and all users will be configured in OFDM and imposing a common RS design would not bring any benefit. In larger cells, cell edge users creating the interference will be mostly configured with DFT-s-OFDM. Assuming that neighboring cells align the subbands with the same numerology, inter-cell RS interference mitigation only involves DFTsOFDM users, and again imposing a common RS design with the center/mid-cell users does not seem to bring any clear benefit. 
The same reasoning applies for UL/DL interference for dynamic TDD, where UL and DL may use different numerologies.
At least for DM-RS (and RS for phase tracking when configured) there is no need for a common RS design between DFTsOFDM and OFDM when there is no MU-MIMO between users with configured with different waveforms. Imposing common design leads to degradation with impact on the cell coverage.
From an SRS design point of view, low-PAPR common design (e.g. comb structures) can be used for both waveforms. 
Observation 1: At least for DM-RS (and RS for phase tracking when configured) there is no need for a common RS design between DFTsOFDM and OFDM when there is no MU-MIMO between users with configured with different waveforms
· FFS whether there is a need for MU-MIMO between users configured with different waveforms
Observation 2: Only DM-RS patterns compatible with the low PAPR of DFTsOFDM should be used for DFTsOFDM
· Consider low PAPR data and DM-RS multiplexing for DFTsOFDM
Observation 3: From an SRS design point of view, low-PAPR common design (e.g. comb structures) can be used for both waveforms.

Conclusion
At least for DM-RS and phase tracking RS, commonality in terms of RS design between DFT-s-OFDM and OFDM does not seem to bring any clear benefit from a performance point of view. Imposing common design with patterns breaking the PAPR may lead to cell coverage limitations. Only DM-RS patterns compatible with the low PAPR of DFTsOFDM should be used for DFTsOFDM. From an SRS design point of view, low-PAPR common design (e.g. comb structures) can be used for both waveforms.
Observation 1: At least for DM-RS (and RS for phase tracking when configured) there is no need for a common RS design between DFTsOFDM and OFDM when there is no MU-MIMO between users with configured with different waveforms
· FFS whether there is a need for MU-MIMO between users configured with different waveforms
Observation 2: Only DM-RS patterns compatible with the low PAPR of DFTsOFDM should be used for DFTsOFDM
· Consider low PAPR data and DM-RS multiplexing for DFTsOFDM
Observation 3: From an SRS design point of view, low-PAPR common design (e.g. comb structures) can be used for both waveforms. 
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