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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 this contribution, we 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
Support for uplink spatial multiplexing of users with different scheduling bandwidths has recently been introduced in LTE in which UL DM-RS 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 [1] 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 1: 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 [1] 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 DM-RS, 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 DM-RS 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 DM-RS 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 2: A block DM-RS design based on block phase shifts and Zadoff-Chu sequences can provide CM and PAPR that are in the same range as LTE UL DM-RS
Proposal 1: Consider a block phase shifted RS design based on Zadoff-Chu sequences for UL DM-RS in NR for DFT-S-OFDM and possibly also for CP-OFDM for a common framework in designing the waveforms
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[bookmark: _Ref465960912]Figure 1 CM and PAPR comparisons of the block RS design and LTE UL DM-RS

Conclusion
In this contribution, we 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 proposal were made:
Observation 1: 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 2: A DM-RS design based on block phase shifts and Zadoff-Chu sequences can provide CM and PAPR that are in the same range as LTE UL DM-RS
Proposal 1: Consider a block phase shifted RS design based on Zadoff-Chu sequences for UL DM-RS in NR for DFT-S-OFDM and possibly also for CP-OFDM for a common framework in designing the waveforms 
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