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1. Introduction
In RAN1 NR Ad-Hoc meeting [1], DMRS related agreements were made as follows: 

	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
· Companies are encouraged to provide comparison between Alt. 1 and Alt. 2.
· Alt. 2: Design in R1-1700352 (Front-loaded DMRS is mapped over 3 or 4 adjacent OFDM symbols).
· 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.

	Agreements:

· NR supports at least following functionalities
· At least for DL data scheduled for a slot, the DL data DMRS location in time is not dynamically varying relative to the start of slot


In this contribution, we discuss further details for NR DMRS.

2. Discussion
Variable/configurable DL/UL RS Pattern for Demodulation
Based on the agreement in RAN1#87, we introduce front-loaded DMRS pattern which is located at first part of data channel. This pattern provides a benefit of early decoding, but is not feasible against higher Doppler frequency. So, in RAN1 NR Ad-Hoc, for channel estimation performance enhancement, it is agreed to introduce additional DMRS which can be conjured for the later part of the slot. However, symbol location for front-loaded DMRS and additional DMRS is need to discuss further. 

As discussed in last meeting, for relative timing relationship between front-loaded DMRS and NR-PDSCH, we can consider two options (i.e. option 1 is that the first symbol is fixed, and option 2 is that the first symbol is no later than the first symbol of NR-PDSCH.). Furthermore, when we see the discussion for NR-PDCCH design in RAN1 NR Ad-Hoc, it is agreed that at least for DL data scheduled for a slot, the DL data DMRS location in time is not dynamically varying relative to the start of slot. It is shown that this agreement is aligned with option 1 for front-loaded DMRS position. So, we think that the discussion for the front-loaded DMRS position can be started from based on ‘the fixed position’. Also, for the location of additional DMRS, we can consider ‘the fixed position’. In figure 1, we provide example of DMRS pattern in time domain
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(a) Pattern 1: Front-loaded DMRS pattern for a slot with 7 OFDM symbols
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(b) Pattern 2: Front-loaded DMRS pattern for a slot with 14 OFDM symbols
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(c) Pattern 3: Additional pattern of DMRS with medium density
[image: image4.emf]
(d) Pattern 4: Additional pattern of DMRS with high density
Figure 1.Example of DMRS pattern (Time domain)
Front-loaded DMRS can be defined as a reference signal loaded at the front part of data channel within a given time duration, which may be always transmitted for data demodulation if there is not special restriction. For example, when we consider up to two OFDM symbols are be used for DL control channel, front-loaded DMRS can be transmitted at first 3rd OFDM symbol within a slot which is composed by 7 or 14 OFDM symbol. 

For additional pattern, we assume that additional OFDM symbols are used for additionally transmitted DMRS within a given time duration for channel estimation performance enhancement. In the high Doppler case, additional RS for Doppler compensation could be transmitted in the middle of the given time duration, and this RS has same pattern with front-loaded DMRS. As additional patterns, we consider up to additional three OFDM symbols can be used for DMRS. For example, when two OFDM symbols are used for DL control channel and 12 OFDM symbols are used for data channel in FDD case, first 3rd OFDM symbol and first 9th OFDM symbol are used for DMRS. Also, we can consider that DMRS is located at 3rd, 6th, 9th and 12th OFDM symbols. These patterns provide a freedom of implementation for considering channel estimation assumption on pipe-line or interpolation. These RS patterns can be operated by dynamic configuration or triggering condition (e.g. transmission scheme, modulation order, RNTI, etc.).
Proposal 1: NR supports that DMRS for data channel is transmitted at the fixed location within a given time duration, and OFDM symbols which contains DMRS is equally distributed in the time duration.
NR DMRS Pattern
In order to define up to 8 orthogonal DMRS ports for front-loaded DMRS pattern, it can be considered to multiplex multiple DMRS ports within single OFDM symbol for early decoding. Considering on similar DMRS overhead with LTE-A DL DMRS, it can be assumed that 6REs per 1RB per one OFDM symbol are used for up to two orthogonal DMRS ports, and 12REs per 1RB per one OFDM symbol are used for up to eight orthogonal DMRS ports. Figure 2 illustrates an example of DMRS port multiplexing method for NR DMRS. 
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(a) Candidate 1 (FDM-2 & CDM-4)            (b) Candidate 2 (Comb-2 & CDM-4)

Figure 2. Example of AP Multiplexing for NR DMRS
As an example, we provide two candidate multiplexing methods including FDM-2 & CDM-4 and Comb-2 & CDM-4.
- FDM-2 & CDM-4: A group for four DMRS ports share contiguous frequency resource, and four DMRS ports are distinguished by CDM-4. Also, different frequency resources are assigned to each DMRS port groups.
- Comb-2 & CDM-4: A group for four DMRS ports share interleaved frequency resource, and four DMRS ports are distinguished by time domain cyclic shift (e.g. 4-DFT). Also, different frequency resources are assigned to each DMRS port groups.
These candidate patterns have a benefit of flexibility of MU-MIMO pairing using orthogonal frequency domain DMRS ports. Also, these patterns are designed to have equal distance between REs used for DMRS ports in frequency domain. Therefore, various channel estimation methods (e.g. 2D-MMSE, IFFT, frequency average, etc.) can be implemented. 
Especially, second candidate pattern has a potential benefit to provide low PAPR/CM if Zadoff-Chu sequence is introduced. So, if we consider common design for both DL and UL, second candidate pattern could be appropriate.
Proposal 2: Single OFDM symbol based DMRS port multiplexing (e.g. FDM-2 & CDM-4, Comb-2 & CDM-4) for up to eight orthogonal DMRS ports should be supported for DL DMRS design.

Proposal 3: For NR DMRS design, NR should consider on several aspects including flexibility of MU-MIMO pairing, Multiplexing capacity of multi-layer, PARP/CM property, inter-cell interference mitigation, etc.
Bundling Assumption
In LTE-A, PRB bundling was introduced for channel estimation enhancement for downlink. Also, the bundling size is related with frequency selective precoder used at transmitter side. So, if the bundling size is increased, precoding gain could be decreased in frequency selective channel. In NR, we can further consider to deploy small cell coverage and introduce analog beamforming, where frequency channel could become more non-selective. If frequency non-selective precoder is more suitable for that case, it can be considered larger PRB bundling size is introduce for NR DL MIMO.
Also, if NR DL MIMO consider more frequency (or time) selective precoding for beam diversity, RE level bundling (or OFDM symbol level bundling) can be studied. 

Observation 1: If frequency non-selective precoder is more suitable for small cell coverage in NR, it can be considered larger PRB bundling size is introduce for NR DL MIMO.
Observation 2: Considering on more frequency (or time) selective precoding for beam diversity, RE level bundling (or OFDM symbol level bundling) can be studied.
3. Performance Evaluation 
In this section, we provide performance evaluation to compare DMRS pattern(s). In this simulation, we assume that 14 OFDM symbols per TTI are used. And detailed simulation assumptions are provided in Annex.
DMRS pattern for front-loaded configuration
In figure 3, we depict these two candidate DMRS pattern (i.e. CDM-F, Comb). Also, for the purpose of performance comparison, we describe CDM-T pattern which is similar pattern with LTE-A DL DMRS. In section 3, we comparison the performance of these three DMRS patterns.
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(a) CDM-F (FDM-2 & CDM-4)        (b) Comb (Comb-2 & CDM-4)             (c) CDM-T
Figure 3. Example of DMRS pattern for front-loaded configuration
In order to evaluate DMRS pattern (i.e. Comb type, CDM-F and CDM-T) for front-loaded configuration, we operate link level evaluation under CDL-C channel (Delay spread = {100, 300, 1000ns}). Also, we provide the performance for single layer and two layer transmission, which has 2Tx and 2Rx antenna configuration. In this simulation, we assume 1D-MMSE channel estimation method. Detail assumptions are listed in Table 1.

From figure 4 to 7, link performances are shown under CDL-C channel with shorter delay spread (i.e. 100ns, 300ns). Also, figure 8 and 9, DMRS patterns are evaluated under longer delay spread (i.e. 1000ns).
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(a) Single Layer                                  (b) Two Layer

Figure 4. BLER performance (DS=100ns)
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(a) Single Layer                                  (b) Two Layer

Figure 5. Spectral Efficiency (DS=100ns)
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(a) Single Layer                                  (b) Two Layer

Figure 6. BLER performance (DS=300ns)
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(a) Single Layer                                  (b) Two Layer

Figure 7. Spectral Efficiency (DS=300ns)
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(a) Single Layer                                  (b) Two Layer

Figure 8. BLER performance (DS=1000ns)
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(a) Single Layer                                  (b) Two Layer

Figure 9. Spectral Efficiency (DS=1000ns)
From the figures, we can observe that three candidate DMRS patterns provide similar performance except higher modulation order (i.e. 64QAM) with two layer transmission.
4. Conclusion
In this contribution, we discussed some design issues for DL NR DMRS. From the discussion, we propose as follow:

Proposal 1: NR supports that DMRS for data channel is transmitted at the fixed location within a given time duration, and OFDM symbols which contains DMRS is equally distributed in the time duration.
Proposal 2: Single OFDM symbol based DMRS port multiplexing (e.g. FDM-2 & CDM-4, Comb-2 & CDM-4) for up to eight orthogonal DMRS ports should be supported for DL DMRS design.

Proposal 3: For NR DMRS design, NR should consider on several aspects including flexibility of MU-MIMO pairing, Multiplexing capacity of multi-layer, PARP/CM property, inter-cell interference mitigation, etc.
Observation 1: If frequency non-selective precoder is more suitable for small cell coverage in NR, it can be considered larger PRB bundling size is introduce for NR DL MIMO.
Observation 2: Considering on more frequency (or time) selective precoding for beam diversity, RE level bundling (or OFDM symbol level bundling) can be studied.
5. Reference

[1] 3GPP RAN WG1 NR Ad-Hoc meeting
6. Annex
Table 1. Simulation assumptions for DMRS pattern
	Parameters
	Value

	Carrier frequency
	4GHz

	Duplex
	FDD

	Subcarrier spacing
	15kHz

	Number of TXRUs
	TRP = 2, UE = 2

	Transmission layers for data channel
	SU-MIMO: 1 and 2 layers

	Transmission scheme
	Multi-antenna port transmission schemes 
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	CSI feedback scheme
	Ideal

	CW to layer mapping
	LTE CW to layer mapping (baseline)

	Data allocation
	8 PRBs, BW: 10MHz(50RBs)

FDD: First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel

	PRB bundling
	No PRB bundling 

	Modulation order, Coding rate
	QPSK (1/2), 16QAM (3/4), 64QAM (5/6)

	Channel coding scheme
	LTE turbo coding (baseline) 

	Link adaptation / HARQ
	No link adaptation and no HARQ 

	Channel estimation
	Ideal for reference, Real estimation(1D-MMSE)

	Performance metric
	BLER, Spectral efficiency

	Frequency offset model
	Without frequency offset

	Interference limited scenario
	Without interference

	UE speed
	3 km/h

	Channel model
	CDL-C, DS values = {100, 300, 1000} ns. 

	TRP antenna configuration
	(M,N,P)=(1,1,2), per antenna element pattern is in TR36.873

	UE antenna configuration
	(M,N,P)=(1,1,2) with omni-directional antenna element


