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1. Introduction
In RAN1 #88bis, the following were agreed with respect to DM-RS design [1]:
Agreements:

· Confirm the following working assumption:

· Support at least the following design of DL DM-RS for data channels

· Support the maximal 12 orthogonal DL DMRS ports for MU-MIMO

Agreements:

· At least for slot, the location of front-loaded DL DMRS is fixed regardless of the first symbol location of PDSCH
· FFS: Mini-slot case
· Support ZC-sequence for UL DFT-S-OFDM DMRS
Agreements:
· For CP-OFDM, if one additional DMRS exists

· At least for non-self-contained ACK/NAK slot, the time distance between the additional DMRS and front loaded DMRS for 14-symbol slot is larger than that for 7-symbol slot. 

· FFS additional DMRS position for 14-symbol slot

· Consider symbol 12th, 11th, 10th, 9th

· Study the location of additional DMRS for self-contained ACK/NAK slots 

· Evaluations are encouraged for next meeting
Agreements:

· Companies are encouraged to perform further evaluations on additional DM-RS symbols, using same or lower density compared with front loaded DM-RS, and also identifying use cases associated with the operation

· Aim to decide in the next meeting whether to support same density only, or lower density only, or both

· FFS at least CP-OFDM, frequency domain density of front loaded DMRS is configurable.

Front-loaded DMRS pattern design and additional DMRS density had discussed in our company’s previous contribution [2]. In this contribution, we provide our views on front-loaded DMRS pattern design and location, additional DMRS density and location.
2. Discussion
2.1. Front-loaded DMRS design
In order to handle different application scenarios with a unified physical layer design, front-loaded DMRS was introduced. Front-loaded DMRS is mainly used to achieve early decoding for low latency traffic. In the scenarios of slowly varying channel, front-loaded DMRS alone can be used for channel estimation and channel measurement. In the scenarios of fast varying channel, front-loaded DMRS together with additional DMRS can support Doppler frequency estimation and time delay spread estimation. As time and/or frequency domain of DMRS density is configurable, it may lead to huge control signaling overhead. To reduce the overhead of control signaling, it is beneficial to predefine the front-loaded DMRS pattern, antenna ports and location. The design of front-loaded DMRS pattern within a slot should follow the principles as below:
· Support 12 orthogonal front-loaded DMRS ports.
· Occupy at most 2 adjacent OFDM symbols in time domain for one port.
· Occupy at least 2 subcarriers in frequency domain for one port.
· Inter orthogonal front-loaded DMRS ports can be separated by FDM, CDM and TDM.

· The location of front-loaded DMRS is fixed.
Besides, considering demodulation performance for different application scenarios, middle subcarriers within a slot can be allocated preferentially for the front-loaded DMRS ports associated with low rank. 
Proposal 1:
· Considering demodulation performance for different application scenarios, middle subcarriers within a slot can be allocated preferentially for the front-loaded DMRS ports associated with low rank.
Based on above discussion, examples of 12 orthogonal front-loaded DMRS ports separated by combinations of FDM, CDM and TDM are shown in Figure 1, 2, 3 respectively.


[image: image1.emf]Front-loaded DMRS

Port 2

Port 6

Port 4

Port 0

Port 3

Port 7

Port 5

Port 1

OCC-0 OCC-1

Port 8

Port 10

Port 9

Port 11


Figure 1: 12 orthogonal front-loaded DMRS ports separated by FDM and CDM
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Figure 2: 12 orthogonal front-loaded DMRS ports separated by FDM, CDM and TDM 
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Figure 3: 12 orthogonal front-loaded DMRS ports separated by FDM and TDM 
Comparisons the performance of above 3 examples with different modulation and coding scheme in low frequency band 4GHz, and in low and medium speed scenarios are shown in Figure 4.
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Figure 4: Front-loaded DMRS performance in low and medium speed scenarios 
According to the simulation, in low frequency band, and in low and medium speed scenarios, multiplexing multiple front-loaded DMRS ports by the way of FDM, CDM and TDM shows the best performance than other solutions. However, the performances among different multiplexing schemes are extremely close. Additionally, in high frequency band, performance of front-loaded DMRS may be affected by phase noise, multiplexing methods of multiple front-loaded DMRS ports need to be future studied.
Observation 1:
· In low frequency band, and in low and medium speed scenarios, multiplexing multiple front-loaded DMRS ports by the way of FDM, CDM and TDM shows the best performance than other solutions. However, the performances among different multiplexing schemes are extremely close.
From the point view of complexity of UE implementation, the location of front-loaded DMRS should be fixed. Dynamic variable front-loaded DMRS location may lead to additional control channel or signaling overhead. Besides, NR PDCCH may be allocated 1 or 2 symbols in current discussion. Considering above aspects and NR PDCCH design, the optimal starting position of front-loaded DMRS is fixed at the 3rd symbol within a 7 symbols slot or 14 symbols slot.
Proposal 2:
· The optimal starting position of front-loaded DMRS is fixed at the 3rd symbol within a 7 symbols slot or 14 symbols slot.
As maximum 16 front-loaded DMRS ports should be supported in NR MU-MIMO scene, only use 2 OFDM symbols per PRB within a slot to generate different front-loaded DMRS ports by the way of FDM, CDM and TDM seems not enough for orthogonal design. Non-orthogonal transmission to support maximum 16 front-loaded DMRS ports should be supported. Besides, ZC sequences also can be considered for maximum 16 front-loaded DMRS ports transmission, multiple front-loaded DMRS ports can be separated by different cyclic shifts. 
2.2. Addtional DMRS design 
Generally, DMRS is used for data and control channel demodulation. In NR systems, DMRS may also be used for CSI measurement and other purposes. Additionally, the DMRS pattern may be affected by the change of system numerology and frame structure. Therefore, additional DMRS is proposed. The location of additional DMRS will definitely affect system demodulation performance. Based on above front-loaded DMRS discussion, assuming the frequency density of additional DMRS ports are same as front-loaded DMRS, comparison of different starting position of additional DMRS within a 14 symbols slot in low frequency band 4GHz, and in low and medium speed scenarios are shown in Figure 5.
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Figure 5: Comparison of different starting position of additional DMRS in low and medium speed scenarios
According to the simulation, in low frequency band, and in low and medium speed scenarios, the starting position of additional DMRS at the 12th symbol within a 14 symbols slot shows the best performance. However, the performances among different positions are extremely close.
Observation 2:
· In low frequency band, and in low and medium speed scenarios, the starting position of additional DMRS at the 12th symbol within a 14 symbols slot shows the best performance. However, the performances among different positions are extremely close.
Similar to front-loaded DMRS, the overhead of additional DMRS also should be considered. The dynamic changing of additional DMRS pattern can be based on front-loaded DMRS pattern, and the frequency domain density of additional DMRS can be same as front-loaded DMRS. Besides, this design can simplify detection algorithm and avoid phase noise affection. The configuration of additional DMRS should be variable and it can be transmitted by DCI or MAC CE. Additional DMRS pattern design should be considered:
· Partial/full front-loaded DMRS pattern changing in time domain density.

· Partial/full front-loaded DMRS pattern shifting in time domain.

· Hybrid consideration of above ways.

Proposal 3:
· Additional DMRS pattern design should be considered:
· Partial/full front-loaded DMRS pattern changing in time domain density.

· Partial/full front-loaded DMRS pattern shifting in time domain.
· Hybrid consideration of above ways.
According to above discussions, an example of 6 additional DMRS ports design based on 6 front-loaded DMRS ports with the same density is depicted in Figure 6. 
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Figure 6: Additional DMRS pattern based on front-loaded DMRS pattern with the same density
The time domain density of additional DMRS is mainly related with mobility scenarios. In medium and high speed scenarios, more than one symbol will be allocated to additional DMRS to improve demodulation performance, the explicit location of additional DMRS in medium and high speed scenarios should be further studied.
3. Conclusion

In this contribution, front-loaded DMRS and additional DMRS design are discussed with the following observations and proposals:
Observation 1:
· In low frequency band, and in low and medium speed scenarios, multiplexing multiple front-loaded DMRS ports by the way of FDM, CDM and TDM shows the best performance than other solutions. However, the performances among different multiplexing schemes are extremely close.
Observation 2:
· In low frequency band, and in low and medium speed scenarios, the starting position of additional DMRS at the 12th symbol within a 14 symbols slot shows the best performance. However, the performances among different positions are extremely close.
Proposal 1:
· Considering demodulation performance for different application scenarios, middle subcarriers within a slot can be allocated preferentially for the front-loaded DMRS ports associated with low rank.
Proposal 2:
· The optimal starting position of front-loaded DMRS is fixed at the 3rd symbol within a 7 symbols slot or 14 symbols slot.

Proposal 3:
· Additional DMRS pattern design should be considered:
· Partial/full front-loaded DMRS pattern changing in time domain density.

· Partial/full front-loaded DMRS pattern shifting in time domain.
· Hybrid consideration of above ways.
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Annex A: simulation assumptions for DMRS
	Assumptions
	Value

	Carrier frequency
	4GHz

	Duplex
	FDD

	Subcarrier spacing
	· 15kHz

	Number of TXRUs
	· TRP = 2
· UE = 2

	Transmission layers for data channel
	· SU-MIMO: up to 8 layers

	Transmission scheme
	· Multi-antenna port transmission schemes 

	CW to layer mapping
	· LTE CW to layer mapping 

	Data allocation
	· 8
· FDD: First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel

	PRB bundling
	· 1 RB as in LTE (baseline) 

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

	Channel coding scheme
	· LTE turbo coding (baseline) 

	Link adaptation / HARQ
	· No link adaptation and no HARQ 

	Channel estimation
	· Real estimation 

	Performance metric
	· BLER

	UE speed
	· 3 km/h, 30km/h

	Channel model
	· TDL-A models

	TRP antenna configuration
	· The number of antenna: Tx=2

	UE antenna configuration
	· The number of antenna: Rx=2
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