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Introduction
In RAN1#86bis, it was agreed that NR is to support DFT-S-OFDM based waveforms in uplink as a complementary to CP-OFDM waveforms in the case of single-layer transmissions 
· 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

In the agreement, RAN1 should target for a common framework in designing the two waveforms. In this contribution, we discuss uplink DMRS design both in the context of a common framework in designing these waveforms and with respect to DL DMRS design. Phase tracking reference signals for CPE compensation in the context of a common framework is discussed in [1]. We also study a block RS design that can provide both low CM/PAPR and spatial multiplexing of transmissions with partly overlapping resource allocations via cyclic time-shifts of a base sequence. Such transmissions may refer to MU-MIMO operations with different scheduling bandwidths. Reference signals with low CM and PAPR are needed for matching CM and PAPR of the DFT-S-OFDM waveform.
Discussion
Views on a common framework
The reason for considering the DFT-S-OFDM waveform is clearly to obtain transmissions with low CM and PAPR for enabling higher operation efficiency of power amplifiers and by that achieve better coverage. From a reference signal design perspective, the DFT-S-OFDM waveform will indirectly impose similar constraints as in LTE on the RS resource mapping and the RS sequence design, in which uplink DMRS and SRS are time-multiplexed with physical layer data channels and primarily constructed from Zadoff-Chu sequences. This TDM structure enables both low CM/PAPR and frequency domain channel estimation when transmissions refer to the DFT-S-OFDM waveform.
Observation 1: In a common framework in designing DFT-S-OFDM and CP-OFDM, UL reference signals intended for demodulation and sounding should enable TDM with physical layer channels for enabling low CM/PAPR and frequency domain channel estimation
Proposal 1: NR should support a TDM structure between UL reference signals and physical channels
Proposal 2: Consider Zadoff-Chu sequences in the design of UL reference signals
The structure of the UL DMRS as such should not be limited by the complementary waveform and introducing different DMRS designs for the two waveforms may not be precluded if it can performance-wise be motivated. On the other hand, a common design would evidently simply implementations. One may also consider to have the same DMRS structure in both DL and UL which could be motivated e.g. from an interference management perspective in some deployment scenarios. However, developing a common framework in designing DMRS for UL and DL that also includes DFT-S-OFDM may imply ZC-sequences and TDM with downlink physical layer channels also in the case of DL DMRS. In excessive use of MU-MIMO in DL, using QPSK sequences instead of ZC-sequences may however have some design advantages with respect to CM and PAPR robustness when many signals are added. The same applies for non-contiguous UL transmissions. Furthermore, in DL transmissions FDM between DMRS and physical layer channels should not be precluded and may not be precluded in UL based on CP-OFDM as well.
Proposal 3: Consider the possibility to support both ZC-sequences and QPSK-sequences for UL DMRS in transmissions with CP-OFDM
Proposal 4: Consider the possibility to support both TDM and FDM between UL DMRS and physical layer channels in transmission with CP-OFDM waveform
Using a TDM structure in conjunction with RS based on ZC-sequences in transmissions with CP-OFDM waveform could in principle be used for performing power boosting on the UL DMRS by taking advantage of the low CM and PAPR when transmitting the reference signals. However, DMRS power boosting may introduce needs for signaling power offsets towards physical layer channels and may also complicate the receiver design.
Extensive MU-MIMO operations is one of the use cases addressed in NR and situations where spatial multiplexing of DFT-S-OFDM and CP-OFDM waveforms could be beneficial may not be precluded. As the DFT-S-OFDM targets link budget limited cases, it is likely that such spatial multiplexing refers to users with different scheduling bandwidths.
One way of constructing orthogonal reference signals for supporting spatial multiplexing with partly overlapping resources is via FDM where reference signals of different scheduling bandwidths are mapped on different resources in the frequency domain, e.g. by using a Comb structure. In the context of spatial multiplexing of the DFT-S-OFDM and CP-OFDM waveforms, one may consider to transmit corresponding UL DMRS on different Combs. This would in principle make it possible to UL DMRS associated with CP-OFDM to be based on QPSK sequences. A potential drawback by using Combs in the context of excessive MU-MIMO is the possibility of multiplexing a vast number scheduling bandwidths simultaneously. For example, spatial multiplexing of eight different scheduling bandwidths simultaneously would require a Comb with a repetition factor of eight, which might be too sparse. However, this potential drawback can be mitigated by combining Combs with the CDM based block RS design discussed below, which enables both low CM and PAPR and multiplexing of a vast number of scheduling bandwidths simultaneously.
Proposal 5: Consider an UL DMRS design that facilitates MU-MIMO of DFT-S-OFDM and CP-OFDM waveforms and enables spatial multiplexing where scheduling bandwidths may differ
A block RS design enabling low CM
Support for uplink spatial multiplexing of users with different scheduling bandwidths has recently been introduced in LTE in which UL DMRS of two different bandwidths are frequency multiplexed on separate Combs. In NR scenarios with excessive use of MU-MIMO, one may consider spatial multiplexing of more than two scheduling bandwidths at the same time. The CDM based block RS design discussed in [2] can support spatial multiplexing of many scheduling bandwidths simultaneously. For example, with a block size of 48 subcarriers up to 25 scheduling bandwidths could in principle be supported assuming a system bandwidth of 1200 subcarriers. In practice, however, the number of layers that can be spatially multiplexed, via cyclic time-shifts, depends on the channel delay spreads. The principle of the block RS design is to introduce resource dependent reference signals such that overlapping transmissions of reference signals are using the same base sequence independently of the scheduling bandwidths.
Observation 2: A CDM approach based on an -block RS design can support spatial multiplexing of transmissions with partly overlapping resource allocations (up to  different scheduling bandwidths simultaneously).
When considering a block RS design, it is important to avoid concatenation of identical sequences as that could lead to excessive CM and PAPR (it can be noticed that concatenation of  identical sequences of length  in frequency domain results in  samples with zero values in time domain). However, excessive CM and PAPR can be avoided in an -block RS design by e.g. assigning different base sequences to each block as in [2] or by applying a block specific phase shift, , to a sequence . The sequence  may refer to an extended ZC sequence of length , but could in principle refer to any sequence with desirable reference signal characteristics. When  equals number of blocks, i.e. , each block can be assigned a unique phase shift and a base sequence associated with a block (PRB bundle) could then be expressed as . Thus, by introducing block phase shifts it will be possible to completely avoid time domain samples with zero values when all blocks are based on same sequence  and if  refer to an extended ZC sequence it will be possible to obtain CM and PAPR that are basically in the range of LTE UL RS.
In summary, block phase shifts are introduced for constructing an overall base sequence with low CM and PAPR that enables spatial multiplexing with partly overlapping resource allocations. To provide a set of orthogonal DMRS, layer-specific cyclic time-shifts are applied to the overall base sequence. Hence, cyclic time-shifts can be assigned as in LTE but the overall base sequence is constructed by concatenating  short sequences of same length. These short sequences are constructed by applying block phase shifts to e.g. one extended ZC sequence of length .
A CM/PAPR comparisons with LTE UL DMRS is shown in Figure 1 for a resource allocation of 1200 subcarriers and a block size of 48 subcarriers, i.e.  sequences of length  are concatenated consecutively into one base sequence. The phase shift index  assigned to the  block is determined as , where   and . The corresponding phase shifts are applied to one extended ZC sequence of length 48 with root index  selected from the set , where the block RS related CDFs in Figure 1 refer to the 30 best root indices. The CDF’s for the LTE UL DMRS are determined from the 60 root indices associated with an allocation of 100 PRBs, and the calculation of CM and PAPR are on time samples assuming an IFFT of length 2048.
Observation 3: A block DMRS design based on block phase shifts and Zadoff-Chu sequences can provide CM and PAPR that are in the same range as LTE UL DMRS
Proposal 6: Consider a block phase shifted RS design based on Zadoff-Chu sequences for UL DMRS in NR for DFT-S-OFDM and possibly also for CP-OFDM for a common framework in designing the waveforms
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Conclusion
In this contribution, we discussed uplink DMRS design considerations both in the context of a common framework in designing DFT-S-OFDM and CP-OFDM waveforms and with respect to DL DMRS design. We also studied a block RS design that can provide both low CM/PAPR and spatial multiplexing of transmissions with partly overlapping resource allocations via cyclic time shifts of a base sequence. The following observations and proposals were made:
Observation 1: In a common framework in designing DFT-S-OFDM and CP-OFDM, UL reference signals intended for demodulation and sounding should enable TDM with physical layer channels for enabling low CM/PAPR and frequency domain channel estimation
Proposal 1: NR should support a TDM structure between UL reference signals and physical channels
Proposal 2: Consider Zadoff-Chu sequences in the design of UL reference signals
Proposal 3: Consider the possibility to support both ZC-sequences and QPSK-sequences for UL DMRS in transmissions with CP-OFDM
Proposal 4: Consider the possibility to support both TDM and FDM between UL DMRS and physical layer channels in transmission with CP-OFDM waveform
Proposal 5: Consider an UL DMRS design that facilitates MU-MIMO of DFT-S-OFDM and CP-OFDM waveforms and enables spatial multiplexing where scheduling bandwidths may differ
Observation 2: A CDM approach based on an -block RS design can support spatial multiplexing of transmissions with partly overlapping resource allocations (up to  different scheduling bandwidths simultaneously).
Observation 3: A DMRS design based on block phase shifts and Zadoff-Chu sequences can provide CM and PAPR that are in the same range as LTE UL DMRS
Proposal 6: Consider a block phase shifted RS design based on Zadoff-Chu sequences for UL DMRS in NR for DFT-S-OFDM and possibly also for CP-OFDM for a common framework in designing the waveforms 
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