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1. Introduction
In RAN1 #89, the following working assumption was agreed with respect to front-loaded DMRS pattern design [1]:
Working assumption:

· UEs in a cell are higher layer configured with 2 DMRS configurations for the front-load DMRS for UL/DL CP-OFDM

· Front-load DMRS Configuration 1: Supports up to 8 ports

· IFDM based pattern with Comb [2] and/or [4] w cyclic shifts (CS)

· One OFDM symbol: 

· To be down selected to 1 Alt:

· Alt 1: Comb 2 + 2 CS, up to 4 ports

· Alt 2: Comb 4 + 2 CS, up to 8 ports

· Two OFDM symbols: 

· To be down selected to 2 Alts:

· Alt. 1: Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports

· Alt. 2: Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports

· Alt. 3: Comb 4 + 2 CS + TD-OCC ({1 1}), up to 8 ports

· Front-load DMRS Configuration 2: Supports up to 12 ports

· FD-OCC pattern with adjacent REs in the frequency domain

· One OFDM symbol:

· To be down selected to 1 Alt:

· Alt. 1: 2-FD-OCC across adjacent REs in the frequency domain up to 6 ports

· Alt. 2: 2-FD-OCC across adjacent REs in the frequency domain up to 4 ports

· Alt. 3: 2-FD-OCC across adjacent REs in the frequency domain up to 2 ports

· Two OFDM symbols: 

· 2-FD-OCC across adjacent REs in the frequency domain + TDM up to 12 ports

· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports

· FFS: DMRS pattern before configuration, e.g., SIB1
Front-loaded DMRS pattern design and additional DMRS density had been discussed in our company’s previous contribution [2]. In this contribution, we provide our views on front-loaded DMRS pattern design in normal slot and slot aggregation scenarios.
2. Discussion
2.1. Front-loaded DMRS design for normal slot
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. Considering demodulation performance for fewer PRB 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 fewer PRB scenarios, middle subcarriers within a slot can be allocated preferentially for the front-loaded DMRS ports associated with low rank.
Based on above discussion and the working assumption in last meeting, examples of IFDM and FD-OCC pattern front-loaded DMRS are depicted in Figure 1 and Figure 2 separately.
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Figure 1: IFDM pattern with 8 orthogonal front-loaded DMRS ports
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Figure 2: FD-OCC pattern with 12 orthogonal front-loaded DMRS ports
Comparisons the performance of IFDM and FD-OCC pattern with different MCS in low frequency band 4GHz, and in low and medium speed scenarios are shown in Figure 3.
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Figure 3: 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, FD-OCC pattern shows better performance than IFDM pattern. However, the performance of IFDM and FD-OCC pattern front-loaded DMRS are extremely close.
Observation 1:
· In low frequency band, and in low and medium speed scenarios, the performance of IFDM and FD-OCC pattern front-loaded DMRS are extremely close. 
Based on the above simulation results, it seems there is no need to support both IFDM and FD-OCC pattern for UL and DL, as the performance between them are extremely close. From the perspective of implementation, two different patterns may lead to different transmission and reception algorithm, which will cause a more sophisticated implementation. Besides, two different front-loaded DMRS pattern need additional higher layer signaling. Based on above discussion, FD-OCC pattern for DL, while IFDM pattern for UL both CP-OFDM and DFT-S-OFDM waveform can be adopted as a baseline. Specially, in flexible duplex scenario, IFDM pattern can be configured for DL. 
Proposal 2:
· FD-OCC pattern for DL, while IFDM pattern for UL both CP-OFDM and DFT-S-OFDM waveform can be adopted as a baseline. 
· Specially, in flexible duplex scenario, IFDM pattern can be configured for DL.

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. 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. Additionally, 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 and 14 symbols slot.
Proposal 3:
· The optimal starting position of front-loaded DMRS is fixed at the 3rd symbol within a 7 symbols slot and 14 symbols slot.
2.2. Front-loaded DMRS design for slot aggregation
In slot aggregation scenario, if front-loaded DMRS is configured within each slot, it might cause a lot of overhead. To reduce the overhead of front-loaded DMRS in slot aggregation scenario, front-loaded DMRS port(s) reduction and front-loaded DMRS port(s) shifting should be considered. Examples of front-loaded DMRS ports reduction and front-loaded DMRS shifting are depicted in Figure 4 and Figure 5. Figure 4 shows an example of front-loaded DMRS with 12 orthogonal DMRS ports at the first slot, and front-loaded DMRS with 6 orthogonal DMRS ports at the second slot which is reduced in slot aggregation scenario. Figure 5 shows an example of front-loaded DMRS with 12 orthogonal DMRS ports at the first slot, however, NR-PDCCH may not be transmitted in the second slot in slot aggregation scenario, and front-loaded DMRS ports can be shifted to the location of NR-PDCCH to cut down the expense of front-loaded DMRS.
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Figure 4: Front-loaded DMRS ports reduction in slot aggregation scenario
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Figure 5: Front-loaded DMRS ports shifting in slot aggregation scenario
Proposal 4:
· In slot aggregation scenario, front-loaded DMRS port(s) reduction and front-loaded DMRS port(s) shifting should be considered.
3. Conclusion

In this contribution, front-loaded DMRS design for normal slot scenario and slot aggregation scenario are discussed with the following observations and proposals:
Observation 1:
· In low frequency band, and in low and medium speed scenarios, the performance of IFDM and FD-OCC pattern front-loaded DMRS are extremely close. 
Proposal 1:
· Considering demodulation performance for fewer PRB scenarios, middle subcarriers within a slot can be allocated preferentially for the front-loaded DMRS ports associated with low rank.
Proposal 2:
· FD-OCC pattern for DL, while IFDM pattern for UL both CP-OFDM and DFT-S-OFDM waveform can be adopted as a baseline. 
· Specially, in flexible duplex scenario, IFDM pattern can be configured for DL.
Proposal 3:
· The optimal starting position of front-loaded DMRS is fixed at the 3rd symbol within a 7 symbols slot and 14 symbols slot.
Proposal 4:
· In slot aggregation scenario, front-loaded DMRS port(s) reduction and front-loaded DMRS port(s) shifting should be considered.
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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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