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	Agreements:
· Both in DL and UL DMRS for CP-OFDM, only PN sequence is supported

Agreements:
· The working assumption made in RAN1#89 for DM-RS is updated and agreed as follows for CP-OFDM:
· A UE is configured by higher layers with DMRS pattern either from the front-loaded DMRS Configuration type 1 or from the front-loaded DMRS Configuration type 2 for DL/UL:
· Configuration type 1:
· One symbol:
· Comb 2 + 2 CS, up to 4 ports
· Two symbols:
· Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Note: It should be possible to schedule up to 4 ports without using both {1,1} and {1,-1}.
· Configuration type 2:
· One symbol:
· 2-FD-OCC across adjacent REs in the frequency domain, up to 6 ports
· Two symbols:
· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
· Note: It should be possible to schedule up to 6 ports without using both {1,1} and {1,-1}.
· From UE perspective, frequency domain CDMed DMRS ports are QCLed.
· FFS: Whether the front-load DMRS configuration type for a UE for UL and DL can be different or not.
· Note: If there are significant complexity/performance issues involved in the above agreements, down-selection can still be discussed

Agreements:
· Study further aspects related to DMRS and data multiplexing in DL and UL considering 14 and 7 symbol slots/mini-slots, 1 vs. 2 front loaded DM-RS symbols, additional DM-RS, etc.
· Study further aspects related to possibly power boosting DM-RS (performance, complexity, spec impact)



In RAN1 NR #88bis meeting [2], it was agreed that,
· Support ZC-sequence for UL DFT-S-OFDM DMRS
In this contribution we provide some detailed analyses and evaluation results of DMRS for UL data channel in terms of multiplexing between DMRS and data.   
[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK78][bookmark: OLE_LINK79]Multiplexing between DMRS and data 
In the section, we provide performance evaluation for multiplexing between DMRS and data for UL. In the following, we assume 14-symbol slot and only front-loaded DMRS exists. Both FL DMRS configuration type 1 and configuration type 2 with 1 and 2 symbols are considered. In our simulation, two multiplexing methods are considered as follows
1. FDM: DMRS and data can be FDMed, where the unused DMRSs are used for data transmission;
2. TDM: DMRS and data is TDMed, note that unused DMRS REs are reused for power boosting.
We first compare the 1-symbol patterns of DMRS type 1 and type 2. Figure 1 gives an example of considered 1-symbol DMRS patterns with different multiplexing schemes, where (a) and (b) denote the FDM scheme and (c) and (d) denote the TDM scheme. 
[image: ]
Fig. 1 An example of different multiplexing schemes of DMRS Configuration 1/2 with one OFDM symbol.
In this simulation, a 4Tx with 8Rx UL OFDM system is considered, and CDL-A channel with delay spread as 300/1000ns is assumed. The carrier frequency is 4GHz and the sub-carrier spacing is 15 kHz. The used constellation is 16QAM, and considered code rates are 0.5 and 0.75, respectively. More detailed parameters can be found in Appendix A.
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Fig. 2 Throughput performances of different multiplexing schemes with 1-symbol pattern (CDL-A/300ns)
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Fig. 3 Throughput performances of different multiplexing schemes with 1-symbol pattern (CDL-A/1000ns)
From Fig. 2 and Fig. 3, it can be observed that, the 1-symbol patterns with FDM multiplexing scheme achieve similar or slightly better throughput performances than the TDM scheme at in low SNR region, and outperform the FDM schemes in most of SNR region, e.g., maximum 6% gain can be achieved between Config2-1 with FDM and TDM multiplexing schemes. The main reason of this performance gain is that the DMRS density of FL DMRS pattern is enough to provide satisfactory channel estimation accuracy and thus the gain provided by DMRS power boosting is limited. Whereas FDM scheme that provides more REs for data transmission can directly improve the spectral efficiency, and thus is preferred.
Observation 1: Consider DMRS configuration 1 and 2 with 1 symbol,
· In low SNR region, FDM multiplexing scheme achieves similar or slightly better throughput performances than TDM multiplexing scheme.
· In most of SNR region, FDM multiplexing scheme outperforms TDM multiplexing scheme in terms of throughput performance, e.g., maximum 6% gain for DMRS Configuration 2 with 1 symbol.
We also compare the 2-symbol patterns of DMRS type 1 and type 2. Figure 4 gives an example of Type 1 and Type 2 with 2 symbols using different multiplexing schemes with data, where (a) and (b) denote the FDM scheme and (c) and (d) denote the TDM scheme. Note that, for the TDM scheme, the unused DMRS REs (denoted as blue) are utilized for power boosting in the simulation.
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Fig. 4 An example of different multiplexing schemes of DMRS Configuration 1/2 with two OFDM symbols.
In this simulation, a 4Tx with 8Rx UL OFDM system is considered, and CDL-A channel with delay spread as 300/1000ns is assumed, where the carrier frequency is 4GHz and sub-carrier spacing is 15 kHz. The used constellation is 16QAM, and considered code rates are 0.5 and 0.75, respectively. More detailed parameters can be found in Appendix A.
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Fig. 5 Throughput performances of different multiplexing schemes with 2-symbol pattern (CDL-A/300ns)
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Fig. 6 Throughput performances of different multiplexing schemes with 2-symbol pattern (CDL-A/1000ns)
From Fig. 5 and Fig. 6, it can be found that, for 2-symbol patterns, FDM multiplexing scheme achieves similar throughput performances as the TDM scheme in low SNR region, and outperform the FDM schemes in most of SNR region. Specifically, for maximum throughput, about 13.3% gain can be achieved by Config2-2 with FDM compared to TDM scheme. The main reason is that FDM can reserve more REs for data transmission, which provides considerable performance gain compared to further improving the channel estimation accuracy while current DMRS density is enough. 
Observation 2: Consider DMRS configuration 1 and 2 with 2 symbols,
· In low SNR region, FDM multiplexing scheme slightly outperforms TDM multiplexing scheme in terms of throughput.
· In most of SNR region, FDM multiplexing scheme outperforms TDM multiplexing scheme in terms of throughput performance, e.g., maximum 13.3% gain for DMRS Configuration 2 with 2 symbols.
Based on the above results and observations, we thus have the following proposal 
Proposal 1: For UL CP-OFDM, in terms of DMRS and data multiplexing, FDM between DMRS and data should be supported.

Conclusions
In this contribution we provide some detailed analyses and evaluation results of DMRS for UL data channel in terms of multiplexing between DMRS and data. In summary, the following observations and proposals are provided.
Proposal 1: For UL CP-OFDM, in terms of DMRS and data multiplexing, FDM between DMRS and data should be supported.
Observation 1: Consider DMRS configuration 1 and 2 with 1 symbol,
· In low SNR region, FDM multiplexing scheme achieves similar or slightly better throughput performances than TDM multiplexing scheme.
· In most of SNR region, FDM multiplexing scheme outperforms TDM multiplexing scheme in terms of throughput performance, e.g., maximum 6% gain for DMRS Configuration 2 with 1 symbol.
Observation 2: Consider DMRS configuration 1 and 2 with 2 symbols,
· In low SNR region, FDM multiplexing scheme slightly outperforms TDM multiplexing scheme in terms of throughput.
· In most of SNR region, FDM multiplexing scheme outperforms TDM multiplexing scheme in terms of throughput performance, e.g., maximum 13.3% gain for DMRS Configuration 2 with 2 symbols.
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Appendix A
Link-level simulation assumptions for Fig. 2/Fig. 3/Fig.5/Fig.6 
	Parameters
	Values or assumptions

	Carrier frequency
	4GHz

	Channel model
	CDL-A, 300/1000ns

	Subcarrier Spacing
	15kHz

	Allocated bandwidth
	10RB

	UE speed
	3km/h

	Ant. Config.
	4Tx; 8Rx

	Total port number
	2

	Coding scheme
	Turbo

	Channel estimation
	Practical filter based

	Receiver
	MMSE-IRC

	Modulation/Coderate 
	16QAM, 0.5/0.75CR
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(a) Config1-2 symbols with FDM  (b) Config2-2 symbols with FDM

(c) Config1-2 symbols with TDM  (d) Config2-2 symbols with TDM




image5.png
Throughput @ 10RB

2ports;4Tx,8Rx;4GHz,15k;3km/h 2ports;4Tx,8Rx;4GHz,15k;3km/h

S0 2108 CDL-A300;16QAM,0.5CR 052208 CDL-A300;16QAM,0.75CR
\ L 7%
a2 @ N
39
25 4 % | \ L
2
£33
13.3% gain o 13.3% gain
22 El :
£27
2
H
£24
£
19 21
[~o~FDM/ Configl-2 18 —o~FDM / Configl-2
|—+~FDM / Config2-2 ——FDM / Config2-2
——TDM / Configl-2 15 —>—TDM / Configl-2
=+ TDM / Config2-2 —+—TDM / Config2-2
12
a o 4 s ey a o 0 s e

SNR(dB) SNR(dB)




image6.png
Throughput @ 10RB

2ports;4Tx,8Rx;4GHz,15k;3km/h

2ports;aTx,8Rx;4GHz,15k;3km/h

50 x10° CDL-A1000;16QAM,0.5CR 03 2108 CDL-A1000;16QAM,0.75CR
a1
27
39
25 o
o
2
g
Sas
23 ®
EEE
21 s
3
=
£
°0 29
—e~FDM/ Config1-2 27 ~e—FDM/ Configl-2
17, —+FDM/ Config2-2 ——FDM / Config2-2
—&—TDM / Configl-2 2.5¢ |—&—TDM / Configl-2
|—+—TDM / Config2-2 | —+—TDM / Config2-2
15 23
a a e o 8 12 16 20 2 2%
SNR(dB)

SNR(dB)




image1.png
(a) Config1-1 symbol with FDM  (b) Config2-1 symbol with FDM  (c) Config1-1 symbol with TDM  (d) Config2-1 symbol with TDM
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