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Introduction
In RAN1 #88b in Spokane, the following agreements are achieved.
Agreements:
· 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
Conclusion:
· Continue discussions/evaluations until the next meeting about following DMRS port multiplexing schemes for 2 adjacent front-loaded DMRS symbols in the time domain, and RAN1 will definitely conclude this down selection in the next meeting
· Alt. 1: OCC
· Alt. 2: TDM
· Alt. 3: Frequency domain multiplexing only with the time domain repetition/ with a pattern shift
· Alt. 4: Configure between Alt. 1 and Alt. 2
· Consider phase noise impact in the high frequency band
· Alt. 5: Configure between Alt. 1 and Alt. 3
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

In this contribution, we further discuss DMRS design details. Evaluation results are also provided.
DMRS Design Framework
It is agreed that configurable DMRS should be facilitated. We think such variable/configurable DMRS should be designed with following features
a) Configurable with basic element. 
i. Basic elements are the basic patterns that could be used to construct variable patterns in the whole slot; 
b) Configuration indication through
i. RRC: Possibly Semi-statically configured;
ii. DCI: Dynamically triggered;
iii. Combined RRC and DCI: RRC configured, DCI triggered;
c) Configurability for:
i. High Doppler estimation;
ii. Low latency application;
iii. Interference coordination;
iv. Different transmission schemes, including different Tx layers, different mapping between ports and data resources, different precoding schemes etc.;
For the above mentioned basic element, there are mainly several design aspects:
a) For time domain length, the basic element has two fashions: one symbol and two symbol;
b) For frequency domain periodicity and densities per port, multiple values should be defined:
i. Frequency domain periodicity: 1RB, 2RB, 4RB and others;
c) Port Multiplexing should be downselected between OCC, FDM, TDM, sequence cyclic shift etc.
With above basic element, configuration mainly include two kinds of information:
a) Selection of the basic element, including which basic element to choose;
b) Combination of the basic elements: how the basic elements are combined, including the absolute position of different basic elements.
The configurable framework of DMRS should be established with basic element selection and combination.
· Basic element selection mainly refers to selection of time domain fashion (one symbol, two symbol), frequency domain density and port multiplexing method.
· Configuration information mainly includes above two aspects: selection and combination of the basic elements.
In order to reduce UE implementation complexity, number of configurations should be limited. It is expected that the main factor would be time domain position and frequency domain density that influences performance of high Doppler, low latency or interference mitigation or different transmission schemes scenarios. Exact patterns would not the major issue. Thus for basic element selection, we only support frequency domain density selection. For basic element combination we only support time domain position of each basic element. Whether patterns in these different basic elements are exactly the same need further study.
Configurability only supports frequency domain offset and density and time domain position of each basic element.
· FFS whether front loaded DMRS and additional DMRS has exactly the same patterns.

Port Multiplexing
One of the major issues in current DMRS design is how to multiplex ports within resources. Currently there are following alternatives to down-select from:
· Alt. 1: OCC
· Alt. 2: TDM
· Alt. 3: Frequency domain multiplexing only with the time domain repetition/ with a pattern shift
· Alt. 4: Configure between Alt. 1 and Alt. 2
· Consider phase noise impact in the high frequency band
· Alt. 5: Configure between Alt. 1 and Alt. 3
Alt. 3 seems to outperform other alternatives.
From the perspective of power utilization, schemes that could utilize all the power amplifier capability would be beneficial. If different ports are distributed in multiple OFDM symbols, then either it would be hard to maintain same power across different symbols, or complicated power adjustment would be needed. We can take the following example for clear understanding. Suppose the first 4 DMRS ports are distributed in the first symbol and another 4 ports are on the second symbol. It is also natural to assume equal power precoding matrix is used. Suppose the average power in OFDM symbol is.  is DMRS signal power per layer per RE and  is data signal power per RE. Typically, power boosting could be conducted to improve link level performance, especially in low SNR. In above example, if orthogonal FDM multiplexing are used, one option would be to set  the same across different OFDM symbols,

But obviously in orthogonal multiplexing, there are only 4 DMRS REs that UE could borrow power from. Under such assumptions, either gNB needs to reduce average power  in the symbols without DMRS, or gNB needs to adjust the relationship between  and   on different symbols. 
If all orthogonal ports are located in one symbol, then the following relationship could be achieved for all OFDM symbols with full power utilization under above example.  

Both Alt.1 and Alt.3 have above power utilization advantage. But for Alt. 1, time domain OCC would have performance loss in high frequency band. 
Besides, if TDM port multiplexing is supported, then it would mean PTRS would not be able to reuse the same RS as DMRS if the time domain density of every symbol is configured, because current agreement is to support the same precoding as one of the DMRS port. 
Furthermore, if all orthogonal ports are within one symbol, it is expected that frequency domain density would be sparse. Thus Alt. 3 with a frequency domain pattern shift would provide a better performance.
Thus we have the following proposal:
Alt.3 with a pattern shift across OFDM symbols is better from the perspective of performance, power utilization and phase noise estimation.
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Frequency Domain Pattern 
Uniform frequency pattern would facilitate PRB bundling processing and improve performance especially when PRB bundling size is large. The major issue of uniform frequency pattern is that for small PRB bundling size, the edge effect would degrade channel estimation performance. 
[image: ]
Fig.1 Uniform pattern
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Fig.2 Non-Uniform pattern
Take above two patterns as an example. It could be seen that with uniform design, REs with extrapolated channel estimation are more than those REs under non-uniform design. The typical performance is that extrapolated channel estimation is worse than interpolated channel estimation. Thus with PRB bundling size equal to 1, the performance would be degraded for uniform design compared with non-uniform design.
But for larger PRB bundling size it could be seen that uniform frequency domain pattern provides better performance. The following simulation results with PRB bundling size equal to 10 shows such conclusion.
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Uniform frequency domain pattern is preferable and provides better performance for large PRB allocation.


Additional DMRS Position 
As we stated above, configurability is supported for frequency domain density and time domain position of basic elements. In this section, we discuss the position of additional DMRS.  
There are several factors that influence the choice of DMRS positions.
· Slot structure: position of the front loaded DMRS is fixed regardless of slot structure. For additional DMRS, its position is influenced by how many DL OFDM symbols there are for data transmission. 
· Delay tolerance: 
· For delay sensitive data transmission, UE would need to demodulate data symbols received before or on the same symbols as the data to make it possible to demodulate as soon as possible. Under such condition, it is better that additional DMRS are located relatively early.
· For delay tolerant data transmission, it is possible for the UE to jointly estimate channel with the front loaded DMRS and additional DMRS. Put DMRS in a relatively later symbol would have better demodulation performance under such scenario;
· Doppler spread
· For highly mobile or high frequency scenarios, DMRS may not be put in too late symbols in a slot due to the reduced frequency range that a UE could track. Under such circumstances, additional DMRS should be selected based on the deployment scenario.  
Position of additional DMRS is configurable based on slot structure, Doppler spread and sensitivity to delay.
The simulation results shows that for delay tolerant data transmission, the MSE performance of putting additional DMRS at the 9th symbol is worse than the performance of putting it on the 12th symbol. While for delay sensitive simulation, it’s just the opposite, with the 9th symbol as the better one.
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Conclusions
In this contribution, we provide our understanding of DMRS design framework. Some initial evaluation results are provided.
1. The configurable framework of DMRS should be established with basic element selection and combination.
· Basic element selection mainly refers to selection of time domain fashion (one symbol, two symbol), frequency domain density and port multiplexing method.
· Configuration information mainly includes above two aspects: selection and combination of the basic elements.
1. Current design mainly focus on front loaded DMRS based scheme for low latency scenarios. Time domain positions other than front loaded DMRS patterns should be further optimized.
1. Multiple values of DMRS frequency domain density should be specified. 
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	Assumptions
	Value

	Carrier frequency
	4GHz

	Duplex
	FDD

	Subcarrier spacing
	15kHz

	BS antenna config
	(M,N,P)=(1,4,2)

	UEantenna config
	(M,N,P)=(1,1,2)

	Transmission scheme
	SUMIMO，Rank1

	CSI feedback / Beam management scheme
	Ideal CSI feedback 

	Modulation order, Coding rate
	QPSK (2/3)

	Channel coding scheme
	LTE turbo coding 

	Channel estimation
	Real estimation 

	Channel model
	CDL-A
•	delay spread =30ns, 100ns, 1000ns
•	UE speed=3km/h.  
•	The angles of BS, i.e., AoD, ZoD, are uniformly distributed within [-60, 60] degrees in azimuth domain and [90, 135] degrees in zenith domain, and those of UE, i.e., AoA, ZoA, are uniformly distributed within [-180, 180] degrees in azimuth domain and [45, 90] in zenith domain, via applying uniform-distribution desired mean angle in Section 7.7.5.1 in TR 38.900 accordingly.
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