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1 Introduction
In RAN1 NR ad-hoc and RAN1#88 meetings the following agreement was reach regarding DM-RS design.
	Agreements:
· 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
· Alt. 2: Design in R1-1700352 (Front-loaded DMRS is mapped over 3 or 4 adjacent OFDM symbols).
· Companies are encouraged to provide comparison between Alt. 1 and Alt. 2.
· Additional DMRS can be configured for the later part of the slot.
· FFS: Density reduction compared to front-loaded DMRS
…

Agreements:

· Confirm working assumption with some updates:

· Front-loaded DMRS is mapped over 1 or 2 adjacent OFDM symbols
· NR aims for performance at least comparable to DM-RS of LTE in scenarios where applicable for both LTE and NR


In this contribution we provide details for our downlink DM-RS design as well as highlight some DM-RS design aspects supported by the proposed DM-RS design.
2 Discussion

DM-RS design

For DM-RS pattern we adopt the design principle of using small number of DM-RS REs in each OFDM symbol [1-2]. The principle offers many benefits such as more scattered DM-RS structure, larger number of DM-RS samples in time domain, efficient power sharing between DM-RS and PDSCH/PUSCH, support of low PAPR waveform, etc. 

Proposed DM-RS patterns fulfilling the design principle and agreements in RAN1#88 is shown in Figure 1 where basic front-loaded (FL) DM-RS REs are transmitted in the beginning of the slot using one OFDM symbol and additional staggered DM-RS REs are transmitted in the later part of the slot to improve channel estimation performance. For simplicity we consider repetition of DM-RS in the beginning and in the centre of the slot assuming partial slot channel estimation algorithm which is required for low latency decoding. Repetition of the DM-RS in the centre part of the lost can be also performed in the end of the slot in case of more processing budget for the UE which is sufficient to perform full slot channel estimation algorithm. 
The proposed DM-RS pattern in Figure 1 supports uniform placement of DM-RS REs in the frequency domain across PRBs, which may be beneficial for multi-PRB channel estimation.
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Figure 1: DL/UL DM-RS patterns constructed from FL DM-RS by repetition of staggered FL DM-RS 
On the need of DM-RS power boosting 
Small density of DM-RS REs per OFDM symbol, supported by DM-RS pattern in Figure 1, offers more efficient, flexible and UE transparent power sharing between DM-RS and PDSCH/PUSCH. Such power sharing is required to improve the channel estimation performance for low SINR UEs, where the channel estimation is typically bottleneck and higher channel estimation processing gain is required to improve the overall performance. Comparing to additional DM-RS pattern design with higher density of DM-RS REs for low SINR UEs, DM-RS power boosting approach adopted for the proposed DM-RS design operates using the same DM-RS pattern (i.e. doesn’t increase UE complexity), fully transparent to the UE (i.e. doesn’t requires any signalling to the UE due to use of QPSK) and provide flexible power sharing to better balance between channel estimation and PDSCH efficiency. The performance improvement offered by such flexible power control is analysed in [3] and showed to be efficient. 
Figure 2 shows the examples of the flexible and UE transparent power sharing between DM-RS REs and PDSCH REs for the proposed in Figure 1 DM-RS pattern. It can be seen that due to use of small density of DM-RS REs (2 REs per OFDM symbol per PRB), power boosting on DM-RS REs doesn’t significantly reduce the power on PDSCH REs, therefore, minimizing power fluctuations between OFDM symbols with an without DM-RS.

[image: image3.emf]Average 

power

DM-RS PDSCH/PUSCH

Power

Frequency

DM-RS PDSCH/PUSCH

DM-RS PDSCH/PUSCH

Average 

power

Average 

power


Figure 2: Illustration of flexible and UE transparent power sharing between DM-RS and PDSCH REs
Optional DM-RS pattern shift 
To ensure the accurate channel estimation and efficient use DM-RS power boosting, the non-colliding DM-RS patterns for TRPs should be optionally supported. For example, in the macro cell deployment scenarios with three cells per gNB, three DM-RS patterns without DM-RS collision can be introduced. The examples of the optional and RRC-configurable DM-RS shifts for the proposed DM-RS pattern is shown in Figure 3. It should be noted that for some cases such as support of NAICS receivers colliding DM-RS pattern is more desirable. For such scenario DM-RS shift option can be disabled by RRC signalling. 
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Figure 3: Illustration of the optional RRC-configurable DM-RS shifts to avoid DM-RS collision for DM-RS power boosting
Number of DM-RS samples in time domain
The number of DM-RS samples in time domain has critical impact on the PDSCH/PUSCH performance in medium and high mobility channels. Specifically, for 4GHz deployment of NR, channel estimation errors due to interpolation/extrapolation in time domain becomes more dominant in the overall performance. In LTE, DM-RS design supports 4 time domain samples per DL subframes and 2 time domain samples per UL subframe. To provide NR performance better than LTE, the proposed DM-RS patterns supports 6 OFDM symbols with DM-RS in the slot to provide robust and efficient performance in the channels with medium and high mobility [4].
Symmetric DL/UL design

In TDD scenarios with dynamic UL/DL configuration the orthogonal DM-RS antenna ports can be used to improve the channel estimation performance for UE and TRP. Therefore, same DM-RS pattern design and modulating sequence for DL and UL should be considered for DM-RS design. The proposed in Figure 1 DM-RS pattern can be equally used for DL and UL, CP OFDM and DFT-s-OFDM waveforms.  
3 Summary

In this contribution we proposed DM-RS patterns for NR that is capable of improving channel estimation performance comparing to LTE. The DM-RS design principle relies on the use of small number of DM-RS REs in each OFDM symbol. The adopted principle offers many benefits such as more scattered DM-RS structure, larger number of DM-RS samples in time domain, efficient power sharing between DM-RS and PDSCH, support of low PAPR waveform, etc. It is proposed to adopt the DM-RS patterns for NR. 
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