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1
Introduction

During the RAN1#89 meeting, the following working assumption for the front-loaded DMRS design was set [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

In this contribution, we discuss with simulation results the front-loaded DM-RS alternatives CP-OFDM type waveform.
2 
Link Level results for rank-1 front-loaded DM-RS pattern
In this section, we focus on the DL link level evaluations to analyse front-loaded DM-RS patterns from two perspectives, i.e., we firstly compare achievable link level performance of different front-loaded DMRS patterns with the assumption that power boosting is used, and secondly, we compare the achievable link level performance with power boosting to the case where data is multiplexed into the free REs in the OFDM symbol containing the DM-RS.  

The considered DM-RS candidates for rank-1 transmission are shown in Figure 1. BP1-R1 pattern has a Comb2 IFDM structure, BP2-R1 has a Comb4 IFDM structure , BP3-R1 has a CDM in frequency across two adjacent REs with three sets within one RB, and BP4-R1 has a CDM in frequency across two adjacent REs with two sets within one RB. 

These front-loaded patterns for rank-1 transmission are simulated for three different MCS; MCS1:QPSK-1/3, MCS2:16QAM-1/2, and MCS3:64QAM-2/3, with channel type TDL-C and delay spread of 300ns and 1000ns. Power boosting is used with different DM-RS patterns is such a way that the total DM-RS transmit power is equal with all patterns, i.e., 3dB power boosting is used with BP1-R1, 6dB power boosting with BP2-R1, 3dB power boosting with BP3-R1, and 4.77dB power boosting with BP4-R1. The simulations are conducted at 4GHz carrier frequency with subcarrier spacing of 15kHz. The channel estimator is frequency domain LMMSE channel estimator and PRB bundling size is selected as 2RBs.
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Figure 1: Rank-1 front-loaded patterns for evaluation
[image: image7.wmf]Figure 2 shows the throughput performance with different front-loaded DM-RS patterns with the assumption that power boosting is used. 
Figure 2: Rank-1 front-loaded patterns – Thoughput performance 
Based on the results, following observations are made:

Observation 1: If DM-RS transmit power per antenna port is same with different DM-RS patterns (BP1-R1, BP2-R1, BP3-R1 and BP4-R1), there is no significant difference in performance between different patterns.

In our previous contribution [2], we observed that Comb2 provides better performance in rank-1 transmission case than Comb4 when each RE used for DM-RS has the same power (or amplitude) and the unused REs in the OFDM symbol containing DM-RS are used for data. Although Comb4 leads to less DM-RS overhead, the degradation in channel estimation leads to poorer performance than with Comb2. Here we discuss the case when no data is multiplexed into the OFDM symbol containing DM-RS, and assume that 3dB power boosting is used with Comb2 and 6dB power boosting with Comb4,i.e., transmit power per DM-RS antenna port is the same. The compared DM-RS patterns are shown in Figure 3.
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Figure 3: Comb based front-loaded patterns with/without data multiplexing (for rank-1)
The simulation set-up is similar to rank-1 front-loaded DM-RS pattern evaluations case with the exception that PRB bundling size is 1RB in this case. Figure 4 shows the throughput performance.   
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Figure 4: Comb based front-loaded patterns with/without data multiplexing – Throughput (for rank-1)
The results in Figure 4 indicate that multiplexing data into free REs in the OFDM symbol containing front-load DMRS instead of using power boosting with front-load DMRS and leaving free REs unused provides higher peak throughput  but leads to degraded performance with low to medium SNRs (due to poorer channel estimation performance). Thus, the following observation can be made:
Observation 2: DMRS power boosting is beneficial in improving channel estimation performance in low SNR operation range.

Proposal 1: DMRS power boosting should be supported to improve link performance in low SNR operation range.
3 
Link Level results for rank-4 front-loaded DM-RS pattern

In this section, we provide link level performance for front-loaded DM-RS patterns for rank-4 transmission. The four patterns shown in the Figure 5 are extension of patterns for rank-1 transmission that are discussed in previous section. In order to support four antenna port DM-RS multiplexing within one symbol, BP1-R4 pattern has a Comb2 IFDM structure with CDM2 in non-adjacent REs in the frequency domain, BP2-R4 pattern has a Comb4 IFDM structure, BP3-R4 has a CDM2 across adjacent REs and BP4-R4 has also CDM2 in adjacent REs in the frequency domain.

[image: image3]
Figure 5: Rank-4 front-loaded patterns for evaluations
These front-loaded DM-RS patterns for rank4 transmission are simulated for three difference MCS; MCS1: QPSK-1/3, MCS2: 16QAM-1/2 and MCS3: 64QAM-2/3, using channel type TDL-C with delay spread of 300ns and 1000ns. Power boosting is used with different DM-RS patterns is such a way that the total DM-RS transmit power per antenna port is equal with all patterns The channel estimator is frequency domain LMMSE channel estimator and PRB bundling size is selected as 2RBs. Detailed description of simulation set-up is given in Annex. Figure 6 shows the achievable link throughput with different DM-RS configurations.  


[image: image4]
Figure 6: Rank-4 front-loaded patterns – Thoughput performance
Based on the results, following observations are made:

Observation 3:Comb4 IFDM structure (BP2-R4) maintains orthogonality between DM-RS antenna ports with four DM-RS antenna port multiplexing in highly freguency selective channel.

Observation 4: DMRS port multiplexing with CDM2 in frequency domain suffers from reduced orthogonality in highly frequency selective channel. 

Observation 5: Comb4 IFDM structure (BP2-R4) provides best performance from the considered DM-RS patterns in  in rank-4 transmission case. 
4 
Link Level results for rank-8 front-loaded DM-RS pattern 
In this section, we provide link level performance for front-loaded DM-RS pattern for rank-8 transmission, as shown in Figure 7. The considered pattern is based on Comb4 IFDM structure with CDM2 in non-adjacent REs in the frequency domain to support eight DMRS antenna port multiplexing within one symbol.
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Figure 7: Rank-8 front-loaded pattern for evaluations
The front-loaded DM-RS pattern for rank-8 transmission is simulated for three difference MCS; MCS1: QPSK-1/3, MCS2: 16QAM-1/2 and MCS3: 64QAM-2/3, using channel type TDL-C with delay spread of 300ns, channel type TDL-B with delay spread of 100ns, and channel type TDL-A with delay spread of 30ns. The simulations are conducted at 4GHz carrier frequency with subcarrier spacing of 15kHz. The channel estimator is frequency domain LMMSE channel estimator and PRB bundling size is selected as 2RBs. Number of RBs in the transmitted signal is 24 RBs. DM-RS power boosting is used similarly as rank-4 case. More detailed description of simulation set-up is given in Annex. 
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Figure 8 Link throughput for 8 DM-RS antenna port multiplexing (pattern BP2-R8)
Based on the results, following observations are made:

Observation 6: Comb4 IFDM with CDM2 enables eight DM-RS antenna port multiplexing into one OFDM symbol with high link performance in typical small cell operation environments.

Proposal 2: Comb4 IFDM based DM-RS pattern should be supported in NR DM-RS configurations.
5
Summary
In this section, the observations/proposals are summarized:
Observation 1: If DM-RS transmit power per antenna port is same with different DM-RS patterns (BP1-R1, BP2-R1, BP3-R1 and BP4-R1), there is no significant difference in performance between different patterns.

Observation 2: DMRS power boosting is beneficial in improving channel estimation performance in low SNR operation range.

Observation 3:Comb4 IFDM structure (BP2-R4) maintains orthogonality between DM-RS antenna ports with four DM-RS antenna port multiplexing in highly freguency selective channel.

Observation 4: DMRS port multiplexing with CDM2 in frequency domain suffers from reduced orthogonality in highly frequency selective channel. 

Observation 5: Comb4 IFDM structure (BP2-R4) provides best performance from the considered DM-RS patterns in  in rank-4 transmission case. 

Observation 6: Comb4 IFDM with CDM2 enables eight DM-RS antenna port multiplexing into one OFDM symbol with high link performance in typical small cell operation environments.
Proposal 1: DMRS power boosting should be supported to improve link performance in low SNR operation range.

Proposal 2: Comb4 IFDM based DM-RS pattern should be supported in NR DM-RS configurations.
6
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Appendix

Table A1: Link-level evaluation simulations parameters for carrier frequency of 4 GHz with 4Tx-4Rx antennas (Rank-1, Rank-4)
	Parameters 
	Value

	Carrier frequency
	4 GHz

	UE antenna model
	4 antennas (uncorrelated)

	Channel coding
	LTE Turbo code

	Precoder
	LTE codebook

	Rank per UE
	Rank-1, Rank-4

	MCS 
	MCS 1: QPSK-1/3, MCS 2: 16QAM-1/2, MCS 3: 64QAM-2/3

	Channel estimation 
	Practical

	Channel model
	TDL-C 300 ns, TDL-C 1000 ns

	Speed
	3km/h

	Subcarrier spacing [kHz]
	15

	# of RBs
	6

	PRB bundling
	1, 2 

	FFT size
	1024

	subframe length [ms]
	1

	# symbols per subframe
	14


Table A2: Link-level evaluation simulations parameters for carrier frequency of 4 GHz with 8Tx-8Rx antennas (Rank-8)
	Parameters 
	Value

	Carrier frequency
	4 GHz

	UE antenna model
	8 antennas (uncorrelated)

	Channel coding
	LTE Turbo code

	Precoder
	precoder: random selection codebook

	Rank per UE
	Rank-8

	MCS 
	MCS 1: QPSK-1/3, MCS 2: 16QAM-1/2, MCS 3: 64QAM-2/3

	Channel estimation 
	Practical

	Channel model
	TDL-A 30ns, TDL-B 100ns, TDL-C 300 ns

	Speed
	3km/h

	Subcarrier spacing [kHz]
	15

	# of RBs
	24

	PRB bundling
	2 

	FFT size
	1024

	subframe length [ms]
	1

	# symbols per subframe
	14
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