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Introduction
In RAN1 #86 Meeting [1], some agreements were made on waveform selection [2][3]:
· At least up to 40 GHz for eMBB and URLLC services, NR supports CP-OFDM based waveform with Y greater than that of LTE (assuming Y=90% for LTE) for DL and UL, possibly with additional low PAPR/CM technique(s) (e.g., DFT-S-OFDM, etc.) 
· Y (%) = transmission bandwidth configuration / channel bandwidth * 100%
· NR uplink should target at least the same link budget (i.e. MCL) as LTE uplink, under the same usage scenarios and similar deployment configurations (e.g., same carrier frequency)
· Details FFS
· Techniques can be evaluated for the uplink scenarios
· E.g., low PAPR/CM techniques (including DFT-s-OFDM)

In this contribution, we first review the benefit of using CP DFT-s-OFDM in UL and discuss potential issues of multiplexing CP OFDM and CP DFT-s-OFDM in UL. We then propose a few solutions that may address those issues.
Discussion 
In general, a low PAPR waveform is desirable to be used in UL for UEs since it can avoid large power backoff at transmitter with a nonlinear PA, which in turn results in low cost of PA, high transmit power efficiency and long battery life, and large cell coverage area. CP DFT-s-OFDM is the waveform adopted in LTE UL for SC-FDMA due to its lower PAPR property comparing to CP OFDM used in DL. On the other hand, as discussed in several contributions for the NR [4]-[6], there are several benefits of using the same waveform, such as CP OFDM in both UL and DL. These advantages include: 
· Symmetric waveform design for DL/UL and sidelink, which may enable simpler solutions for coexistence of the access link, device-to-device, and backhaul link.
· Reuse of baseband receiver designs across link types.
· Enhanced UL scheduler flexibility of OFDM versus DFT-s OFDM 
· OFDM outperforms DFT-s OFDM for MIMO 

Since the system can benefit from both CP OFDM and CP DFT-s-OFDM in UL, it would be desirable to allow both waveforms to coexist in the system. The use of specific waveform may depend on the type of services or use cases, UE capabilities, UE functionalities (e.g., function as relay), and UE conditions and locations (e.g., battery usage level and distance to the base station). From signal processing and implementation perspectives, there is no significant difference between the two waveforms. In fact, DFT-s-OFDM can be viewed as a precoded OFDM waveform, in which the data symbols are precoded by one or multiple DFT block(s) before processed by the rest of OFDM operations. This implies the hardware implemented for one waveform can be shared with another at both transmitter and receiver. 
Based on the discussion above, we propose, in addition to the CP OFDM as the baseline waveform for UL, to use CP DFT-s-OFDM as a complementary waveform which may be used for certain UEs under certain situations and conditions aforementioned above.  
Proposal 1: The NR UL should support CP DFT-s-OFDM as a complementary waveform, in addition to CP OFDM. 
If both CP-OFDM and CP DFT-s OFDM are supported for UL data transmissions in a flexible manner (e.g. for both coverage limited UEs and UEs in good channel conditions), then the UL transmissions of the control channel and reference signals also need to be addressed. Specifically, since CP OFDM will perhaps be the  main mode of operation for UL, it may be beneficial to follow the same design principles for the control channel and the reference signal (RS) for CP DFT-s-OFDM as ones for CP OFDM. In this way, the base station can demodulate and decode the control channel and estimate channel independently from the choice of the waveform used for the data channel.  
Proposal 2: RAN1 should strive for commonality, in terms of reference-signal and control channel for CP-OFDM with and without DFT spreading.
The remaining issue is how to implement the Proposal 2, i.e., transmit the control channel and RS while the data is transmitted using DFT-s-OFDM. In the following section, we first address the issue of transmitting the RS. The method to transmit the control channel will be addressed in the future contribution. 
Methods of RS insertion to DFT-s-OFDM waveform 
In this section, we assume that the RS for CP OFDM may be allocated in time-frequency grid in either localized and distributed manners, which will be specified below. Corresponding to these manners, we propose two methods to multiplex the RS with the data channel modulated in DFT-s-OFDM.
Method 1: Localized RS Allocation
In this method the RS symbols and DFT-s-OFDM symbols are transmitted 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 3‑1 shows an example of the time-frequency of a resource block (RB) using this method.  Figure 3‑2 shows the block diagram of the transmitter. The “Signal Selection” block is used to control the transmission of the RS and the data channel. The time to transmit the RS may be predefined by the higher layer signalling. 
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: _Ref462909126]Figure 3‑1 Time-frequency representation of localized RS allocation
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[bookmark: _Ref462910252]Figure 3‑2 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 3‑3. One key advantage of the distributed RS transmission is its roboustness to high speed scenarios.
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[bookmark: _Ref462912199]Figure 3‑3 Time-frequency representation of distributed RS allocation

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 oder modulation for data transmission is quite low (i.e., QPSK would be the modulation order). Besides, the reference signals can be designed based on the constant modulas approach. Therefore, the combination of these two effects will largely limit the possible increase in PAPR/CM. Another side effect of  frequency multiplexing of reference signals with data n is the interference that they may cause to the DFT-s-OFDM symbols which are transmitted at the same time. One simple solution to solve this problem using a combination of mapping and puncturing approach is shown in Figure 3‑4. 
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.   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: _Ref462918148]Figure 3‑4 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 3‑4 serves that purpose.    
Proposal 3: Both TDM and FDM multiplexing of RS and DFT-s-OFDM symbols should be further studied for the NR UL. 

Conclusion
This contribution discussed the need to include CP DFT-s-OFDM as a complementary waveform for data channel and methods to multiplexing the RS with the data channel, in which the RS are allocated in time-frequency grid in the same ways as the ones for OFDM signals. We have made the following proposals:
Proposal 1: The NR UL should support CP DFT-s-OFDM as a complementary waveform, in addition to CP OFDM. 
Proposal 2: RAN1 should strive for commonality, in terms of reference-signal and control channel for CP-OFDM with and without DFT spreading.
Proposal 3: Both TDM and FDM multiplexing of RS and DFT-s-OFDM symbols should be further studied for the NR UL .
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