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Introduction
In RAN1 #86b Meeting [1], it was agreed that
· 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
· 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.
· Discuss further offline for possible refined evaluation assumptions/methodology for waveform evaluations
According to the above agreements, both OFDM and DFT-s-OFDM wil be supported in the uplink (UL) of NR. In this contribution, we provide our views regarding the common RS design framework for CP OFDM and CP DFT-s-OFDM in UL per above agreement.
Discussion 
It has been agreed that NR will support both OFDM and DFT-s-OFDM in the UL. Depending on the coverage and channel conditions, a UE may adaptively be configured to transmit using one of the two waveforms. In addition, UEs using different waveforms may be paired for multiuser transmission in the uplink. Therefore, it is desirable to have a data demodulation reference signal (DM-RS) design framework that is common to both waveforms. Specifically, since CP OFDM will be the main mode of operation for UL, it may be beneficial to follow the same design principles for the RS for CP DFT-s-OFDM as ones for CP OFDM. In this way, the base station can estimate the channel independently from the choice of the waveform used for the data channel.  
Proposal 1: RAN1 should strive for commonality, in terms of reference-signal design for CP-OFDM with and without DFT spreading.
In the remainder of this section, we discuss two alternatives for RS mapping under the common RS design framework: localized and distributed.  

Method 1: Localized RS Allocation
In this method, the RS symbols and DFT-s-OFDM symbols are multiplexed in TDM fashion. This method is essentially the same as the reference signal transmission in LTE UL while the latest agreement regarding front-loaded RS mapping for NR has been taken into consideration. Figure 1 shows an example of the time-frequency of a resource block (RB) using this method. Figure 2 shows the block diagram of the transmitter. The “Signal Selection” block is used to control the transmission of the RS and the data channel. 
Note that depending on the RS design, transmitting the RS in localized manner may increase the PAPR/CM. However, given a transmit power level, the impact of the nonlinear distortion at PA may be mitigated by carefully designing the signal so that PAPR will not be very large. For example the low PAPR/CM constant amplitude sequences used in LTE UL may be reused in NR given that the reference signals are strictly limited to one OFDM symbol.    
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[bookmark: _Ref466016389]Figure 1 Time-frequency representation of localized RS allocation
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[bookmark: _Ref466016398]Figure 2 Transmitter structure for multiplexing the localized RS and DFT-s-OFDM signal

Method 2: Distributed RS Allocation
In this method, we assume that the RS is allocated in time-frequency grid in a distributed manner, similar to the one used in LTE DL as shown in Figure 3. One key advantage of the distributed RS transmission is its robustness to high speed scenarios.
At first glance, it appears that frequency multiplexing of reference signals with data may increase PAPR/CM since the system will somewhat behave like a multi-carrier transmission. However, since the main use case for DFT-s-OFDM will be for link budget limited scenarios, the likelihood of having a high order modulation for data transmission is quite low (i.e., QPSK would be the modulation order). Besides, following the design principles of LTE, the reference signals for NR can be QPSK modulated which is a constant modulas modulation. Therefore as long as both data and RS are QPSK modulated, frequency multiplexing of data and RS will not result in the PAPR/CM increase.
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[bookmark: _Ref466016471]Figure 3 Time-frequency representation of distributed RS allocation
Another factor that may impact the PAPR/CM is the density of RS. Obviously, by increasing the RS density in the frequency domain, the PARP/CM will naturally increase. However, per our evaluations presented later in this contribution, by carefully designing the RS pattern, the impact on PAPR/CM can be minimized. 
Another side effect of frequency multiplexing of reference signals with data is the interference that they may cause to the DFT-s-OFDM symbols which are transmitted at the same time. This interference could potentially impact the performance of the receiver at the output of the IDFT. One simple solution to solve this problem using a combination of mapping and puncturing approach is shown in Figure 4.
In this figure,  is the DFT size,  is the number of symbols (shown as reference symbol in the figure) to be inserted into the DFT-s-OFDM symbol in frequency domain, and  is the number of data symbols that can be transmitted with the reference symbols. At the input of DFT block,  of the input symbols are set to zero, and at the output of the DFT block,  of the output elements are punctured and replaced by the reference symbols before being inputted to the IDFT block. The puncturing pattern is done by deleting a symbol every  frequency domain symbols, where .
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[bookmark: _Ref466016539]Figure 4 Transmitter and Receiver Structures for multiplexing the distributed RS and DFT-s-OFDM signal
Note that puncturing some DFT output symbols effectively causes interference to the data symbols in time domain. Fortunately, this interference is well captured in the  elements of the output vector of IDFT block at the receiver since they are zeros in the input vector of the DFT block at the transmitter. Using those elements, one can cancel the interference at the receiver. The “IC” block shown in Figure 4 serves that purpose.    
Proposal 2: Both TDM and FDM multiplexing of RS and DFT-s-OFDM symbols should be further studied for the NR UL. 
The impact of puncturing the DFT output is investigated with simulations and the result is shown in Figure 5, where QPSK modulation is used with N = 512, and M = 48. The figure compares the PAPR of OFDM, DFT-s-OFDM without puncturing, and DFT-s-OFDM where the output of the DFT block is punctured. The number of punctured DFT outputs can be 1, 2, 3, or 4. We can see from the figure that the PAPR increase at the  point with 1, 2, 3, and 4 outputs punctured is 0 dB, 0.3 dB, 0.7 dB, and 0.9 dB, respectively. Even with 4 outputs punctured, the gain in PAPR compared to OFDM is about 2 dB.
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[bookmark: _Ref466019762]Figure 5 Impact of puncturing on the PAPR of DFT-s-OFDM

Conclusion
This contribution discussed a common DM-RS design framework for OFDM and DFT-s-OFDM in the UL. We have proposed the following:
Proposal 1: RAN1 should strive for commonality, in terms of reference-signal design for CP-OFDM with and without DFT spreading.
Proposal 2: Both TDM and FDM multiplexing of RS and DFT-s-OFDM symbols should be further studied for the NR UL .
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