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Introduction
It was agreed in RAN1#86 [1] [2] that NR will support CP-OFDM based waveform with possibly low PAPR techniques, as shown below:
· 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.) 

It was further agreed [1] [3] that:
· 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 RAN1#87a, the following agreements have been made to DL DMRS
· For the design of front-loaded DMRS, Alt. 1 is agreed as a working assumption.
· Alt. 1: Front-loaded DMRS is mapped over 1 or 2 adjacent OFDM symbols.
· FFS: Further down-selection between 1 and 2, if necessary
· Companies are encouraged to propose further details
· Additional DMRS can be configured for the later part of the slot.
· FFS: Density reduction compared to front-loaded DMRS
· DMRS configuration can be up to the max. number of DMRS ports.
· Note: DMRS design should take into account channel estimation accuracy for low-to-high SINR scenario, throughput performance for SU and MU-MIMO, DMRS overhead, receiver complexity, receiver implementation, support of the use cases/features, UL/DL symmetry, etc.
· FFS: Relative timing relationship between front-loaded DMRS and NR-PDSCH
· Option 1: The first symbol of front-loaded DM-RS is fixed regardless of the first symbol of NR-PDSCH.
· Option 2: The first symbol of front-loaded DM-RS is no later than the first symbol of NR-PDSCH.

It is likely UL and DL transmission may use different waveform, e.g., OFDM for DL, and mixed OFDM and DFT-s-OFDM for UL. UL DMRS can be different from DL DMRS especially for DFT-s-OFDM case. In RAN1#88bis, the following has been agreed to UL DMRS
· Support ZC-sequence for UL DFT-S-OFDM DMRS


In RAN1 #89 [1], the following agreements regarding the demodulation reference signal (DMRS) for data were made:

Agreements:
· Support additional DMRS symbols with same density in frequency domain compared to front loaded DMRS
· FFS: Necessity of reduced DMRS density in additional DMRS symbols

Conclusion:
· When ACK/NACK feedback is configured in the same slot with corresponding DL data transmission 
· For 7-symbol slot. down selection should be done in next meeting
· Alt.1:   Only support front loaded DMRS
· Alt.2 :  Support  front loaded DMRS +additional DMRS
· Alt.3 :  Configurable between Alt.1 and Alt.2
· For  14-symbol slot, down selection should be done in next meeting
· Alt.1:   Only support front loaded DMRS
· Alt.2 :  Support  front loaded DMRS +additional DMRS
· Alt.3 :  Configurable between Alt.1 and Alt.2
· Companies are encouraged to provide simulation results for additional DMRS position for mobility scenarios and the assumed number of symbols for front loaded DMRS and additional DMRS, and consider the minimum time to support fast demodulation for DM-RS pattern related design 
Working assumption:
· UEs in a cell are higher layer configured with 2 DMRS configurations for the front-load DMRS for UL/DL CP-OFDM
· Front-load DMRS Configuration 1: Supports up to 8 ports
· IFDM based pattern with Comb [2] and/or [4] w cyclic shifts (CS)
· One OFDM symbol: 
· To be down selected to 1 Alt:
· Alt 1: Comb 2 + 2 CS, up to 4 ports
· Alt 2: Comb 4 + 2 CS, up to 8 ports
· Two OFDM symbols: 
· To be down selected to 2 Alts:
· Alt. 1: Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Alt. 2: Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports
· Alt. 3: Comb 4 + 2 CS + TD-OCC ({1 1}), up to 8 ports
· Front-load DMRS Configuration 2: Supports up to 12 ports
· FD-OCC pattern with adjacent REs in the frequency domain
· One OFDM symbol:
· To be down selected to 1 Alt:
· Alt. 1: 2-FD-OCC across adjacent REs in the frequency domain up to 6 ports
· Alt. 2: 2-FD-OCC across adjacent REs in the frequency domain up to 4 ports
· Alt. 3: 2-FD-OCC across adjacent REs in the frequency domain up to 2 ports
· Two OFDM symbols: 
· 2-FD-OCC across adjacent REs in the frequency domain + TDM up to 12 ports
· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
· FFS: DMRS pattern before configuration, e.g., SIB1

In this contribution, we compare different options for RS design for UL. 
Discussion
In RAN1 86bis [7], in has been agreed that self-contained slots (K2=0) should be supported at least for some UEs, where UE need to decode UL grant in PDCCH and transmit UL PUSCH in the same slot. That means that we need enough processing time between PDCCH and PUSCH. Front-loaded UL DMRS can be beneficial to this timeline. Figure 1 shows the front-loaded UL DMRS pattern for self-contained slot. Regardless of DL control duration, UL DMRS is always located at the beginning of UL burst. Front-loaded DMRS can provide an additional processing time to decode UL grant and synthesize PUSCH waveforms.
Proposal 1: UL DMRS should be front loaded for self-contained slots.


[bookmark: _Ref481846742][bookmark: _Ref481846738]Figure 1. UL DMRS pattern for Self-Contained slots
[bookmark: _GoBack]The DMRS density within a DMRS symbol may be different in different scenarios. For the same scenario, DMRS density may also be different between DL and UL. For example, a lower DMRS density, e.g, 1/4 of the total number of tones may be sufficient for DL transmission, while for the same scenario a higher DMRS density, e.g, 1/2 of the total number of tones may be required for UL transmission due to the power difference between eNB and UE. DMRS density could also be different between CP-OFDM and DFT-s-OFDM waveform for the same scenario, and further study is needed. Furthermore, when MU-MIMO with mixed waveform is configured, in order to orthogonalize the DMRS, we may want to put DMRS tones of different waveform in different combs. As illustrated in Figure 2, CP-OFDM waveform UEs use even tones for DMRS transmission while DFT-s-OFDM waveform use odd tones for DMRS transmission. Furthermore, in [6], it is observed that comb-based pattern is more robust compared to FD-OCC over adjacent Res in the DC subcarrier collision case.
Within the same waveform, multiple UEs may be separated in code domain, for example with different shifts.  In summary, the DMRS tones for a specific transmission should be configurable for both UL and DL. For the tones not used by DMRS in the symbol, they may be used for same UE data transmission if it’s CP-OFDM, or for UE multiplexing or antenna separation. We therefore have the following proposals:
Proposal 2: Consider comb based DMRS design for antenna separation or MU-MIMO with mixed waveform. 
Proposal 3: Consider comb based DMRS design of Configuration 1 for UL DMRS for DFT-s-OFDM waveforms. 
Since DMRS has a comb structure, the unused tones in the frontloaded DMRS can be potentially used for data transmission. However, for slots with self-contained grant, UE may not have enough timeline to generate transmit data for the frontloaded DMRS symbol. Therefore, we propose the following which prevent to send data on the frontloaded DMRS.
Proposal 4: For slots with self-contained grant, no data have to be transmitted on the frontloaded DMRS tones.
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Figure 1. Comb based DMRS design for MU-MIMO with mixed waveform
It will also be useful if a common DMRS sequence design could be achieved. For CP-OFDM waveform, it’s possible to use the same sequence design for both UL and DL. For DL, it’s likely to use OFDM waveform with at least one DMRS symbols front loaded. The RS sequence for a particular UE can just use a segment taken from a mother sequence which occupies the entire bandwidth. As illustrated in Figure 1, according to this design the RS sequence at any RB is only determined by the RB index in the system bandwidth. Such a design allows easy interference estimation and possible cancellation among different cells.
For PUSCH with OFDM waveform, which is likely a high SNR scenario, PAPR is less a concern. The same DMRS design can therefore be used so that PUSCH and PDSCH will have symmetric RS design. The symmetric RS design will reduce complexity for both UE and eNB. When MU-MIMO is used for UL, RS sequences of different UEs will collide with each other. Orthogonal RS sequences can minimize mutual interference and improve performance. Orthogonality can be achieved when one UE uses the segments of the mother sequence as base sequences and other UEs may use the sequence with same segment modulated by Walsh cover or through phase ramping in frequency domain. Note that this does not preclude the comb based DMRS design option, i.e, the RS tones may only occupy the even or odd tones. We therefore have the following proposes:
Proposal 5: Define a wideband mother sequence to deduce DMRS sequences for both PDSCH and PUSCH with OFDM waveforms.
· Use the same RS design For PDSCH and PUSCH with OFDM waveform and SIMO transmission. The DMRS sequences are segments taken from a wideband mother sequence according to the allocated RBs.  
· Use orthogonal RS sequences based on the same segments from the mother sequences for MU-MIMO transmission.
· The same mother sequence may be used for both DL and UL in the same cell, and different mother sequences may be used in different cells.


Figure 2. DMRS design for PDSCH and PUSCH with OFDM waveform

For cell edge UEs with link budget limited UEs, waveform with low PAPR e.g., DFT-s-OFDM may be used for PUSCH transmission. The RS sequences for such UEs also need to yield low PAPR. Three options may be used for the RS sequence generation for the cell edge UEs.
Option 1) UL DMRS sequence for cell edge UEs is a function of the allocated RB bandwidth.
Option 2) UL DMRS sequence for cell edge UEs is a function of the allocated RB position and comb size.
Option 3) UL DMRS sequence for cell edge UEs is a function of the allocated RB position and does not depend on the comb size.
Option 1 corresponds the LTE approach where low PAPR Chu sequence or CGS (computer generated sequences) with different lengths can be selected based on the allocated bandwidth. Since different sequences are used based on the allocated bandwidth, in Option 1, it is relatively easy to find low PAPR sequences with different lengths.
In Option 2, a wideband mother sequences are selected based on the comb size. For example, when the comb size is 4, four different mother sequences are chosen to cover four different combs. After the mother sequences are selected, UL DMRS sequences are generated based on the allocated bandwidth position as in Proposal 3. In this case, it has to be guaranteed that all the feasible subsequences of the mother sequences to have low PAPR regardless of the allocated RB position. In [4], [5], a computer based search algorithm is proposed based on the truncation of long Chu sequences. 30 such mother sequences are found within 0.5 dB PAPR and CM degradation compared to Option 1.
In Option 3, only wideband mother sequence is selected regardless of the comb size. After the mother sequences is chosen, UL DMRS sequences are generated based on the allocated bandwidth position as in Proposal 3. In this case, it has to be guaranteed that all the feasible subsequences of the mother sequences to have low PAPR regardless of the allocated RB position and comb size. A similar computer based search as Option 2 can be used to find a set of such mother sequences.
Proposal 6: For PUSCH with DFT-S-OFDM waveforms, consider the following options for UL DMRS sequence generation based on metrics such as PAPR, CM, and cross-correlation.
· RS sequence is a function of the allocated RB bandwidth.  
· RS sequence is a function of the allocated RB position and comb size.
· RS sequence is a function of the allocated RB position and does not depend on the comb size.

When UEs with DFT-s-OFDM are to be multiplexed with UEs with OFDM in MU-MIMO scenario, the orthogonality of the RS may be satisfied with FDM, i.e., RS tones from the UEs with different waveform may be interlaced in frequency domain. 
[bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this document, we consider the possible symmetric RS designs for DL and UL transmission. We notice that for data channels with OFDM waveform, the RS designs can be unified and RS sequence can be determined by RB index. While for at least cell edge UEs, low PAPR RS sequence is desired. Such sequences may be determined by number of allocated RBs. And limiting the possible allocated bandwidth for such UEs can well control the complexity related to hypothesis testing in interference estimation and cancellation. We therefore have the following proposals:
Proposal 1: UL DMRS should be front loaded for self-contained slots.
Proposal 2: Consider comb based DMRS design for antenna separation or MU-MIMO with mixed waveform. 
Proposal 3: Consider comb based DMRS design of Configuration 1 for UL DMRS for DFT-s-OFDM waveforms. 
Proposal 4: For slots with self-contained grant, no data have to be transmitted on the frontloaded DMRS tones.
Proposal 5: Define a wideband mother sequence to deduce DMRS sequences for both PDSCH and PUSCH with OFDM waveforms.
· Use the same RS design For PDSCH and PUSCH with OFDM waveform and SIMO transmission. The DMRS sequences are segments taken from a wideband mother sequence according to the allocated RBs.  
· Use orthogonal RS sequences based on the same segments from the mother sequences for MU-MIMO transmission.
· The same mother sequence may be used for both DL and UL in the same cell, and different mother sequences may be used in different cells.


Proposal 6: For PUSCH with DFT-S-OFDM waveforms, consider the following options for UL DMRS sequence generation based on metrics such as PAPR, CM, and cross-correlation.
· RS sequence is a function of the allocated RB bandwidth.  
· RS sequence is a function of the allocated RB position and comb size.
· RS sequence is a function of the allocated RB position and does not depend on the comb size.
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