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1 Introduction

At last meeting, CP-OFDM-based waveforms were agreed as RAN1 NR waveform performance reference [1]. In this contribution, multiplexing of RS is addressed in the context of coverage improvements especially needed for high frequency deployments. Specifically, an orthogonal channel multiplexing with low PAPR is described for supporting resource mapping of reference signals (e.g. SRS and DMRS) in the NR channel designs. 
2 RS Multiplexing for HF
In high frequency case, coverage is an important aspect especially for above 40GHz in NR. Additional gain is needed for NR to achieve similar coverage as LTE. And transmission power is a crucial consideration in coverage optimization. Lower PAPR can guarantee less power back-off required for the amplifier to keep the non-linear distortions at a specified level. Thereby a higher PA efficiency can be achieved.  

In addition, multiple services including eMBB, mMTC etc will be supported in NR system. For some special service, e.g. mMTC, battery power and coverage extension are the main optimization goals. Therefore lower PAPR will be more important than high data rate for these services. 

Observation: Lower PAPR is needed to optimize for coverage in NR.                     

For CP-OFDM based transmission, firstly, low PAPR sequence, e.g. ZC sequence in LTE can be reused for reference signal to benefit the performance of UL/DL transmission. 
In order to maximize the spectrum efficiency, usually multiple signal streams will be simultaneously transmitted in a time unit. For example, the possible multiplexing alternatives for uplink transmission include SRS and DMRS, beamformed SRS and SRS etc. In addition, new downlink RS design is preferred to being concentrated in one or several symbols at the head/end of subframe. Thereby, for downlink transmission in 5G, the channel/signal multiplexing alternatives also include DMRS and CSI-RS, beamformed CSI-RS and CSI-RS etc.   
In order to support this multiplexing of RS in high frequency, multiple orthogonal RS with low PAPR in an OFDM symbol should be supported to improve the coverage of these reference signals. In this scheme, these signals are mapped to multiple orthogonal frequency resources. Typically, comb like frequency division is preferred as shown in Figure 1. In addition, in order to ensure TDM in time domain, repetition and phase rotation in frequency domain is needed. 
An example is shown in Figure 1, wherein sequence {qr}r=1,2,…,2K of the first reference signal is constructed by the cyclically expanded sequence of a K-length base sequence {ci}i=1,2,…,K. While for sequence {pr}r=1,2,…,2K of the second reference signal, besides of a cyclically expanded sequence of a K-length base sequence {di}i=1,2,…,K, an additional phase rotation term is further imposed to each element. 
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 Figure 1  An illustration of comb like frequency division with repetition and phase rotation
Based on this design, after IFFT transform, each of multiple time-domain signal streams is interlaced with others in time domain as shown in Figure 2. Considering that each signal stream is a ZC sequence with low PAPR, thereby, the interleaved transmission of multiple signal streams can still guarantee the low PAPR property. On top of it, high PA efficiency can be achieved and the performance of RS especially for cell edge UEs can be efficiently improved.  
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Figure 2. Processing of multiple orthogonal RS with low PAPR
Based on the above discussions for multiple orthogonal RS with low PAPR, we have the following proposal:   

Proposal: Multiple orthogonal RS with low PAPR in an OFDM symbol should be considered for high frequency in NR.
3 Conclusion
In this contribution, CP-OFDM based multiplexing scheme for reference signal is given and discussed. And we have the following observation and proposal for channel multiplexing of RS in NR:
Observation: Lower PAPR is needed to optimize for coverage in NR.    

Proposal: Multiple orthogonal RS with low PAPR in an OFDM symbol should be considered for high frequency in NR.
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