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1 Introduction
For NR waveform assumption, it was agreed in the RAN1#86bis meeting 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.
Study at least the following operations to be supported in NR, from a single UE perspective

· Case 1: UL data and UCI are FDMed where the resource for UCI is not  a part of the resource allocated for UL data 

· Case 2: UL data and UCI are TDMed where the resource for UCI is not  a part of the resource allocated for UL data 

· Case 3: UL data and UCI are multiplexed where the resource for UCI is a part of the resource allocated for UL data

· FFS: how different types of UCI are handled

· Further study on other possibilities is not precluded

· At least the following RSs are supported for NR uplink

· SRS: Reference signal with main functionalities of CSI acquisition, beam management
· FFS: RRM measurement

· DM-RS: Reference signal with main functionalities of data and control demodulation

· FFS: beam management

· Reference signal for phase tracking
· FFS: Whether DM-RS extension can be applied or not

· FFS whether new RS or RS for other functionalities can be used

· FFS: Reference signal for RRM measurement

· FFS whether new RS or RS for other functionalities can be used

This contribution discusses the reference signal for demodulation of UL channels. Design principles, RS positions, RS structures including max number of orthogonal DMRS ports are given.  In addition, multiplexing of UL DM-RS with other channels/signals is also discussed to improve the coverage for cell edge.
2 Discussion 
2.1 New design aspects in NR 
In LTE, DMRS was multiplexed with PUSCH in TDM manner as shown in following figure 1. DMRS locates in the fourth OFDM symbols in each slot.  A cover code ([+1, +1], [+1,-1]) with OCC 2 is multiplied to DMRS symbols in 2 slots of a TTI. The generation of uplink DMRS is determined by the allocated PRB number, the sequence group index u, and the cyclic shift(.  Assume that the DMRS root sequence in frequency domain is
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, where u denotes the group index, NRB denotes allocated PRB number, and n denotes sub-carrier index. 
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Figure 1 UL DM-RS mapping in LTE
In NR, the following new aspects for UL demodulation RS should be considered for design:   

· A common design for DFT-S-OFDM based waveform and CP-OFDM waveform 
· Unified/symmetric DM-RS design of UL and DL
· More orthogonal partial overlapped DMRS ports (e.g. at least 8 orthogonal ports)
· Low cross correlation for RS sequence between different numerologies

· Support multiplexing of UL demodulation RS and data in one symbol
· Multiplexing of UEs of DFT-S-OFDM based waveform and CP-OFDM waveform
· Relationship between DM-RS for PUCCH and DM-RS for PUSCH 
2.2 Design of uplink demodulation RS 
In RAN1#86bis, it is agreed that NR supports both DFT-S-OFDM based waveform and CP-OFDM waveform, and the CP-OFDM waveform is 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.

In 3GPP TR 38.913, the target for peak data rate of uplink should be 10Gbps [2]. In order to achieve this target, multi-stream should be considered.
To reduce the complexity of UE, common design for DFT-S-OFDM based waveform and CP-OFDM based waveform should be considered. 
Proposal 1:  A common design for DFT-S-OFDM based waveform design and CP-OFDM waveform design should be considered for UL demodulation RS in NR.
It has been agreed that CP-OFDM may be considered for both DL and UL transmission in RAN1#86bis meeting. In this case, unified/symmetric DM-RS design, e.g., a similar DM-RS pattern with the same resource and port mapping scheme (for example, as in figure 2), can be considered. The unified DM-RS design may enable reuse of baseband designs for one side of the communication link to another side.
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Figure 2 An example of DM-RS mapping.
Proposal 2: Unified/symmetric DM-RS design of UL and DL should be considered in NR.
In NR, massive 2D antenna array was supported. Beamforming towards a UE can be in the both horizontal and vertical dimension, which provides additional freedom to spatially separate UEs. It is beneficial to uplink multiuser pairing. In addition, with larger size of antenna array at BS side, more receiving beamforming gain can be achieved. Therefore more UEs can be paired in uplink MU MIMO in NR compared with LTE/LTE-A. In order to pair more UEs, more orthogonal DM-RS antenna ports are needed. In addition, in order to support flexible resource allocation of each paired UEs, more orthogonal partial overlapped ports, e.g. at least 8, need to be supported in NR..  
Proposal 3: More orthogonal partial overlapped ports, e.g. at least 8, for demodulation RS should be supported in NR.
Several traditional approaches, e.g. OCC and IFDMA RS, have been studied to provide more orthogonal DM-RS for multiple UEs with partially overlapping resource [5]. Recently, block-wise RS, e.g. resource unit specific RS [6] and concatenated block RS [7], is proposed as another potential solution as shown in figure 3, since it enables cyclic shift to provide more orthogonal ports in such case except for totally overlapped resource.

However, intuitive block-wise RS design that every block contains identical sequence can hardly work well for link budget limited area due to increasing PAPR. One solution [7] is developed to allocate random root choice for ZC sequence in each block that can generate DM-RS symbol with low PAPR. In addition, phase rotated block-wise RS could be another candidate to achieve the same purpose.

As illustrated in figure 4, at transmitter, for a system deployed on spectrum which consists of N subcarriers, the full bandwidth is equally divided into R blocks in the case that a block of [image: image5.png]N/R



 subcarriers is defined as a resource allocation unit. If a UE occupies n consecutive blocks of resource[image: image7.png]


, in order to generate a DM-RS symbol, each block [image: image9.png]


 comprises an identical extended ZC sequence of length M with a certain root index. Then defining a phase rotation vector[image: image11.png]


, the phase of every element in [image: image13.png]


 is rotated by[image: image15.png]


. And the proper choice of P may yield low PAPR property of generated DM-RS symbol. Denoting a block as a resource allocation unit, the phase designated to each block is determined by the number of allocated resource units and its resource unit index. At receiver, the phase designated to each block is also naturally obtained by the same information as at transmitter. 
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Figure 3 Block-wise reference signal.                    Figure 4 Phase rotated block-wise RS generator
Proposal 4: Multiple approaches, e.g. OCC, IFDMA RS and block-wise RS structure, should be studied to support more orthogonal partial overlapped ports.
Since DFT-s-OFDM is also mandatory in NR uplink, low PAPR sequence, e.g. ZC sequence in LTE can be considered for this UL demodulation reference signal to benefit the performance of UL transmission. 
Proposal 5: For DFT-S-OFDM based transmission, low PAPR sequence, e.g. ZC sequence, should be considered for UL demodulation RS in NR.
In LTE, the demodulation signals are grouped according to the cross-correlation between RS sequences.  The demodulation RS across different group has low correlation. Based on this sequence grouping method, inter-cell’s interference can be randomized and reduced. In NR, when different subcarrier spacings and numerologies are used for different cells, the property of low cross correlation between different cells may be lost as shown in figure 4. Thereby, the inter-cell interference issue of uplink demodulation RS under different numerology needs to be further studied in NR.   
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 Figure 4 High correlation between UL DMRS sequences for different cells under different numerologies
Proposal 6: Interference issue of uplink demodulation RS between cells with different numerologies need to be studied in NR.  
For NR, when more than one symbol is available, multiplexing of DM-RS and PUSCH in TDM manner is simple and straightforward. While considering TDM is not always possible, multiplexing of DM-RS and PUSCH in one OFDM symbol (e.g. FDM manner) can be considered. Therefore, multiplexing of DM-RS and PUSCH/PUCCH in one or a few symbols should be studied in NR. 
Proposal 7: TDM and FDM can both be considered for the multiplexing of demodulation RS and UL channels in NR. 
In LTE, DM-RS for PUCCH and PUSCH had been defined separately. In NR, the relationship between the two types of DM-RS needs to be further studied. For example, for PUCCH with small payload size, the independent DM-RS design separate from PUSCH should be allowed. For PUCCH with large payload size, the reuse of the same DM-RS for PUSCH should be allowed.
Proposal 8: The relationship between UL DM-RSs for PUSCH and PUCCH needs to be further studied in NR.
3 Conclusion
In this contribution, DMRS design for different UL control channels including one symbol case. Based on these discussions, we have the following proposals:
Proposal 1: A common design for DFT-S-OFDM based waveform and CP-OFDM waveform should be considered for demodulation RS in NR.

Proposal 2: Unified/symmetric DM-RS design of UL and DL should be considered in NR.
Proposal 3: More orthogonal partial overlapped ports, e.g., at least 8, for demodulation RS should be supported in NR.

Proposal 4: Multiple approaches, e.g. OCC, IFDMA RS and block-wise RS structure, should be studied to support more orthogonal partial overlapped ports.

Proposal 5: For DFT-S-OFDM based transmission, low PAPR sequence, e.g. ZC sequence should be considered for UL demodulation RS in NR.

Proposal 6: Interference issue of uplink demodulation RS between different cells with different numerologies need to be studied in NR.

Proposal 7: TDM and FDM can both be considered for the multiplexing of demodulation RS and UL channels in NR.. 
Proposal 8: The relationship between UL DM-RSs for PUSCH and PUCCH needs to be further studied in NR.
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