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1. Introduction
In this contribution, we discuss on design issues for UL NR DMRS.
2. Discussion
In RAN1#86, it was agreed that NR supports CP-OFDM based waveform for both DL and UL. Also, in RAN1#86bis, it was agreed that NR supports DFT-S-OFDM based waveform complementary to CP-OFDM waveform for UL. The main motivation to introduce DFT-S-OFDM for UL is to provide low PAPR/CM for UE at cell-edge. For UL DMRS design, we need to discuss in the perspectives of UL waveform. 

Furthermore, in NR, dynamic TDD and flexible duplexing scheme are considered for flexible resource utility. However, main drawback of that kinds of duplex schemes is cross-link interference (e.g. gNB to UE, UE to gNB), which is very harmful to system operation. So, NR should study methods to manage the cross link interference (e.g. power control, IC/IS, timing alignment, etc.). In addition, advanced receiver could be considered to mitigate cross link interference. For UL DMRS design, we can discuss in the perspective to support the ability for cross-link channel estimation. 

DMRS pattern

For UL DMRS pattern, we can consider three types of DMRS pattern (i.e. CDM-F, Comb and CDM-T) which are proposed for DL DMRS in our companion contribution [1]:
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(a) CDM-F (FDM-2 & CDM-4)        (b) Comb (Comb-2 & CDM-4)             (c) CDM-T
Figure 1. Example of DMRS pattern for front-loaded configuration
Also, we can consider three options for UL DMRS design as below:
· Option 1: Different pattern between DL and UL DMRS

· Option 2: Same pattern for DL and UL DMRS

· Option 3: Same pattern for DL and UL DMRS in case of CP-OFDM, and different pattern for UL DMRS in case of DFT-s-OFDM
Option 1 is similar concept with LTE DMRS design for DL and UL. In NR DL, CDM-T type of DMRS pattern could be introduced, which pattern can provide more power boosting than one symbol based pattern (i.e. CDM-F and Comb type) and is less sensitive in frequency selective channel environment. Also, if we consider to design single pattern of UL DMRS to support both CP-OFDM and DFT-s-OFDM, UL DMRS pattern with low PAPR is preferable similar with LTE UL DMRS introduced for eFD-MIMO (i.e. Comb type). However, option 1 is not favourable for cross-link channel estimation.
On the other hand, design option 2 and 3 are preferable to support cross-link channel estimation. In order to operate cross link interference management and advanced receiver, cross-link channel should be estimated, which may bring additional implementation complexity. For an advantage to apply the same channel estimator for a link (e.g. DL) to the cross link (e.g. UL), NR could consider to design same RS pattern for UL and DL. In this case, as listed in option 2 and 3, we can consider two possibility to design UL DMRS with same pattern of DL DMRS.

In our companion contribution [1], we provided the performance comparison of three NR DMRS patterns for DL. From the simulation result, it was shown that Comb and CDM-T type of DMRS pattern provide similar performance except higher modulation order. Furthermore, Comb type of DMRS pattern could have a potential benefit to provide low PAPR/CM if Zadoff-Chu sequence is introduced. So, considering on common design for both DL and UL, comb type pattern could be appropriate for NR DMRS. 
On the other hand, if NR introduces CP-OFDM favourable DMRS pattern in both DL and UL, CDM-T type of DMRS pattern could be considered because that type of pattern provide higher spectral efficiency due to better performance for higher modulation order. Additionally, Comp type of pattern could be introduced to provide low PAPR for DFT-s-OFDM waveform in UL transmission.
Proposal 1: NR supports one of options to design UL DMRS pattern.
· Option 1: Different pattern between DL and UL DMRS (e.g. CDM-T type for DL, and Comb type for UL)
· Option 2: Same pattern for DL and UL DMRS (e.g. Comb type only for both DL and UL)
· Option 3: Same pattern for DL and UL DMRS in case of CP-OFDM, and different pattern for UL DMRS in case of DFT-s-OFDM (e.g. CDM-F/T type for CP-OFDM in both DL and UL, and Comb type for DFT-s-OFDM in UL)
DMRS sequence
For the case DFT-S-OFDM waveform is applied, reference signal with low PARP/CM should be considered. In order to support both CP-OFDM and DFT-S-OFDM waveform, NR could consider that two types of sequence (e.g. PN sequence, ZC sequence) are applied to the RS according to selected waveform. For example, when network configure to use DFT-S-OFDM for UL transmission, ZC sequence is applied to the RS.
Proposal 2: NR studies two types of sequence (e.g. PN sequence, ZC sequence) for RS is applied according to selected waveform.
3. Conclusion
In this contribution, we discussed some design issues for NR DMRS. From the discussion, we propose as follow:

Proposal 1: NR supports one of options to design UL DMRS pattern.
· Option 1: Different pattern between DL and UL DMRS (e.g. CDM-T type for DL, and Comb type for UL)
· Option 2: Same pattern for DL and UL DMRS (e.g. Comb type only for both DL and UL)

· Option 3: Same pattern for DL and UL DMRS in case of CP-OFDM, and different pattern for UL DMRS in case of DFT-s-OFDM (e.g. CDM-F/T type for CP-OFDM in both DL and UL, and Comb type for DFT-s-OFDM in UL)

Proposal 2: NR studies two types of sequence (e.g. PN sequence, ZC sequence) for RS is applied according to selected waveform.
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