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1
Introduction

During the RAN1#88bis meeting, the following agreements and conclusions related to DM-RS were made in [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

Conclusions:

· Consider the issue of collision between DC subcarrier and DMRS. 

· Evaluate and analyze whether it can be solved by implementation or if DMRS design needs to take DC subcarrier into account

Conclusions:

· 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:
· 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.
In this contribution, we show both simulation results for different DM-RS patterns, mainly for OFDM type waveform.
2 
Link Level results for rank-1 front-loaded DM-RS pattern
One of the key issues remaining for front-loaded DM-RS patterns is the multiplexing scheme to be supported. The main candidates are comb-type IFDM, CDM in frequency and CDM in time. In this section, we evaluate four different patterns based on these multiplexing schemes for rank-1 transmission as shown in Figure 1. BP1-R1 pattern has a 2-comb IFDM structure, BP2-R1 has 4-comb IFDM structure, BP3-R1 has CDM in frequency with three sets within a symbol and BP4-R1 has CDM in time with three sets over two symbols.
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Figure 1: Rank-1 front-loaded patterns for evaluation
These front-loaded patterns for rank-1 transmission are simulated for three difference 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. The performance is also compared for mobility of 3kmph and 30 kmph in Figure 2 and Figure 3, respectively. In our previous contribution [2], we observed that generally front-loaded patterns are reliable only for lower speed and low-latency scenarios.
Proposal 1: Front-loaded DM-RS pattern should be used only for lower speed and low-latency scenarios
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Figure 2: Rank-1 front-loaded patterns - Required SNR for 70% of maximum throughput for UE speed of 3kmph
Based on the results for UE speed of 3kmph, following observations are made:
Observation 1: BP-R2 with 4-comb IFDM structure performs worst in all the scenarios for UE mobility of 3kmph
Observation 2: BP1-R1 with 2-comb IFDM structure performs slightly better than BP3-R1 with CDM2 in frequency and BP4-R1 with CDM2 in time in some scenarios for UE mobility of 3kmph.
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Figure 3: Rank-1 front-loaded patterns - Required SNR for 70% of maximum throughput for UE speed of 30kmph
Based on the results for UE speed of 30kmph, following observations are made:
Observation 3: Similar to UE mobility of 3kmph, BP2-R1 with 4-comb IFDM performs the worst in all scenarios for UE mobility of 30kmph
Observation 4: BP1-R1 with 2-comb IFDM and BP4-R1 with CDM2 in time are the best candidates for UE mobility of 30kmph
Based on all the results for rank-1 front-loaded DM-RS patterns, following proposals are made:
Proposal 2: Comb-based IFDM structure (preferable 2-comb) with one symbol should be supported as front-loaded DM-RS structure to serve low mobility scenarios as it performs quite good in almost all the scenarios and is located within one OFDM symbol
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. as shown in Figure 4. The four patterns shown in the Figure are extension of patterns for rank-1 transmission that are discussed in previous section. BP1-R4 pattern has a 2-comb IFDM structure to support rank-4 transmission within one symbol, BP2-R4 pattern has a 4-comb IFDM structure to support rank-4 transmission within one symbol, BP3-R4 has a CDM2 in frequency to support rank-4 transmission within one symbol and BP4-R4 has CDM2 in time structure to support rank-4 transmission within two symbols.
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Figure 4: Rank-4 front-loaded patterns for evaluations
Similar to rank-1 patterns, these front-loaded patterns for rank41 transmission are simulated for three difference 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. The performance is also compared for mobility of 3kmph and 30 kmph in Figure 5 and Figure 6, respectively. 
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Figure 5: Rank-4 front-loaded patterns - Required SNR for 70% of maximum throughput for UE speed of 3kmph
Based on the results for UE speed of 3kmph, following observations are made:

Observation 5: BP2-R4 with 4-comb IFDM performs the worst for rank-4 transmission for UE mobility of 3kmph in all scenarios

Observation 6: BP1-R4 with 2-comb IFDM, BP3-R4 with CDM2 in frequency and BP4-R4 with CDM2 in time have marginal difference in performance for rank-4 transmission for UE mobility of 3kmph
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Figure 6: Rank-4 front-loaded patterns - Required SNR for 70% of maximum throughput for UE speed of 30kmph
Based on the results for UE speed of 30kmph, following observations are made:
Observation 7: BP2-R4 with 4-comb IFDM performs the worst for rank-4 transmission for UE mobility of 30kmph in all scenarios

Observation 8: BP4-R4 with CDM2 in time has a performance gain of 0.5dB in comparison to BP1-R4 with 2-comb IFDM and BP3-R4 with CDM2 in frequency for UE mobility of 30kmph
Based on all the results for rank-4 front loaded patterns, following proposals are made:
Proposal 3: 2-comb IFDM structure should be supported as front-loaded DM-RS patter for transmission up to at least rank-4 as it is able to support 4 orthogonal ports within one OFDM symbol and also provides quite good performance (under 0.5 dB worse than the best performance)

4 
Link Level results of DM-RS patterns for high-speed scenario

In the previous two sections, we presented the results for front-loaded DMRS patterns for different scenarios and UE mobility of 3kmph and 30kmph. In this section, we present several alternatives for additional patterns (AP) and show performance evaluation with different scenarios. Figure 7 shows the different additional DMRS patterns for rank-1 transmission. Most of these patterns are based on front-loaded DMRS patterns with additional instances in time domain. 
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Figure 7: Additional DMRS patterns for evaluations
Now we provide the link level evaluation for all the nine additional DMRS patterns for different speeds and different MCSs with TDL type channel models having different delay spreads at 4GHz carrier frequency and 15 kHz sub-carrier spacing. Figure 8 shows the results for speed of 60kmph with channel type TDL-C 300ns and TDL-C 1000 ns; MCS 1, 2,3 are QPSK-1/3, 16QAM-1/2 and 64QAM-2/3, respectively.
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Figure 8: Rank-1 additional patterns - Required SNR for 70% of maximum throughput for UE speed of 60kmph
Based on the results for additional DMRS patterns with UE speed of 60kmph, following observation is made:

Observation 9: AP1 with 2-comb IFDM in 2 OFDM symbols provides the worst performance for medium Doppler in all scenarios.

Observation 10: AP2 with 2-comb IFDM in 3 OFDM symbols marginally provides the best performance for medium Doppler in lower MCS cases.

Observation 11: Additional DM-RS patterns with more than 12 DM-RS resources spread over 4 or more OFDM symbols provide good performance for medium Doppler in all scenarios
Now for further evaluation, we provide results for high speed scenario of 120kmph, 250kmph and 500kmph in Figure 9, Figure 10 and Figure 11, respectively. 
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Figure 9: Rank-1 additional patterns - Required SNR for 70% of maximum throughput for UE speed of 120kmph
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Figure 10: Rank-1 additional patterns - Required SNR for 70% of maximum throughput for UE speed of 250kmph
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Figure 11: Rank-1 additional patterns - Required SNR for 70% of maximum throughput for UE speed of 500kmph
Based on the results for additional DMRS patterns with UE speed of 120kmph, 250kmph and 500kmph, following observation is made:
Observation 12: AP1 with 2-comb IFDM in 2 OFDM symbols provides the worst performance for high Doppler in all scenarios.

Observation 13: AP5 with 4-comb IFDM in 6 OFDM symbols provides the best performance for high Doppler in lower MCS cases.

Observation 14: Generally, the DM-RS patterns that are more dense in time domain perform better for high Doppler
Based on all the results for additional DM-RS patterns, following proposals are made:
Proposal 4: For medium Doppler cases, AP2 with 2-comb IFDM and 3 OFDM symbols should be supported as the preferred DM-RS configuration

Proposal 5: For high Doppler cases, DM-RS pattern with more denser configuration in time such as AP5 with 4-comb in 6 OFDM symbols should be supported
5
Link Level results for PRB bundling with rank-1 front-loaded DM-RS pattern
In this section, we show link level performance results for PRB bundling with rank-1 basic DM-RS patterns discussed in section 2. PRB bundling sizes of 1, 3 and 6 (which corresponds to whole allocated bandwidth here) are simulated with UE mobility of 3kmph and 30kmph, with channel type TDL-C 300ns and TDL-C 1000 ns; MCS 1, 2,3 are QPSK-1/3, 16QAM-1/2 and 64QAM-2/3. Figure 12 shows the performance for UE mobility of 3kmph.
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[image: image42.emf]PRB Bundling (1: Size 1, 2: Size 3, 3: Size 6)
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[image: image43.emf]PRB Bundling (1: Size 1, 2: Size 3, 3: Size 6)
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[image: image44.emf]PRB Bundling (1: Size 1, 2: Size 3, 3: Size 6)
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[image: image45.emf]PRB Bundling (1: Size 1, 2: Size 3, 3: Size 6)
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Figure 12: Rank-1 front-loaded patterns - Required SNR for 70% of maximum throughput for UE speed of 3kmph with PRB bundling 1, 3 and 6
Based on these results, following observations can be made:
Observation 15: PRB bundling size 3 provides significant performance improvement in comparison to one PRB in all the scenarios

Observation 16: PRB bundling size 6 (which is the whole allocated bandwidth in simulations), does not provide very significant gains in comparison to PRB bundling size 3
6
Link Level results with rank-1 front-loaded DM-RS pattern for carrier frequency of 30GHz

In this section, we provide link level simulation results for front-loaded patterns shown in Figure 13 for carrier frequency of 30GHz.
        DMRS1 (3xDMRS/PRB)
            DMRS1 (4xDMRS/PRB)            DMRS1 (6xDMRS/PRB)
[image: image47.emf]      [image: image48.emf]     [image: image49.emf]
Figure 13: Rank-1 front-loaded patterns for 30GHz evaluations
Figure 14 shows the performance results for these three patterns with UE mobility of 3Kmph, subcarrier spacing of 60kHz and channel CDL-C-30ns and CDL-A-300ns. The detailed simulation parameters are shown in Table A2 in the Appendix section.
[image: image50.png]SNRat 70% of max SE

25,00

20,00

15,00

10,00

5/

=)
S

0,00

60kHz SC, CDL-C-30ns, 3 kmph, PRB Bundle 1

MCS 2

MCS 3

W 3xDMRS/PRB
W 4xDMRS/PRB
m 6xDMRS/PRB

MCSs 4



     [image: image51.png]SNRat 70% of max SE

25,00

20,00

15,00

10,00

5,00

0,00

60kHz SC, CDL-A-300ns, 3 kmph, PRB Bundle 1

MCS 2

MCS 3

W 3xDMRS/PRB
W 4xDMRS/PRB
m 6xDMRS/PRB

MCSs 4




Figure 14: Rank-1 front-loaded patterns with 30GHz - Required SNR for 70% of maximum throughput for UE speed of 3kmph and subcarrier spacing of 60kHz

Figure 15 shows the performance results for these three patterns with UE mobility of 30Kmph, subcarrier spacing of 60kHz and channel CDL-C-30ns and CDL-A-300ns.
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Figure 15: Rank-1 front-loaded patterns with 30GHz - Required SNR for 70% of maximum throughput for UE speed of 30kmph and subcarrier spacing of 60kHz
Based on these results, following observations can be made:
Observation 17: Performance with 6 DMRS/PRB (similar to a 2-comb IFDM structure) is best in almost all the scenarios for 30GHz
7
Summary
In this section, the observations/proposals are summarized:
Observation 1: BP-R2 with 4-comb IFDM structure performs worst in all the scenarios for UE mobility of 3kmph
Observation 2: BP1-R1 with 2-comb IFDM structure performs slightly better than BP3-R1 with CDM2 in frequency and BP4-R1 with CDM2 in time in some scenarios for UE mobility of 3kmph.

Observation 3: Similar to UE mobility of 3kmph, BP2-R1 with 4-comb IFDM performs the worst in all scenarios for UE mobility of 30kmph

Observation 4: BP1-R1 with 2-comb IFDM and BP4-R1 with CDM2 in time are the best candidates for UE mobility of 30kmph

Observation 5: BP2-R4 with 4-comb IFDM performs the worst for rank-4 transmission for UE mobility of 3kmph in all scenarios

Observation 6: BP1-R4 with 2-comb IFDM, BP3-R4 with CDM2 in frequency and BP4-R4 with CDM2 in time have marginal difference in performance for rank-4 transmission for UE mobility of 3kmph

Observation 7: BP2-R4 with 4-comb IFDM performs the worst for rank-4 transmission for UE mobility of 30kmph in all scenarios

Observation 8: BP4-R4 with CDM2 in time has a performance gain of 0.5dB in comparison to BP1-R4 with 2-comb IFDM and BP3-R4 with CDM2 in frequency for UE mobility of 30kmph

Observation 9: AP1 with 2-comb IFDM in 2 OFDM symbols provides the worst performance for medium Doppler in all scenarios.

Observation 10: AP2 with 2-comb IFDM in 3 OFDM symbols marginally provides the best performance for medium Doppler in lower MCS cases.

Observation 11: Additional DM-RS patterns with more than 12 DM-RS resources spread over 4 or more OFDM symbols provide good performance for medium Doppler in all scenarios

Observation 12: AP1 with 2-comb IFDM in 2 OFDM symbols provides the worst performance for high Doppler in all scenarios.

Observation 13: AP5 with 4-comb IFDM in 6 OFDM symbols provides the best performance for high Doppler in lower MCS cases.

Observation 14: Generally, the DM-RS patterns that are more dense in time domain perform better for high Doppler

Observation 15: PRB bundling size 3 provides significant performance improvement in comparison to one PRB in all the scenarios

Observation 16: PRB bundling size 6 (which is the whole allocated bandwidth in simulations), does not provide very significant gains in comparison to PRB bundling size 3

Observation 17: Performance with 6 DMRS/PRB (similar to a 2-comb IFDM structure) is best in almost all the scenarios for 30GHz
Proposal 1: Front-loaded DM-RS pattern should be used only for lower speed and low-latency scenarios

Proposal 2: Comb-based IFDM structure (preferable 2-comb) with one symbol should be supported as front-loaded DM-RS structure to serve low mobility scenarios as it performs quite good in almost all the scenarios and is located within one OFDM symbol

Proposal 3: 2-comb IFDM structure should be supported as front-loaded DM-RS patter for transmission up to at least rank-4 as it is able to support 4 orthogonal ports within one OFDM symbol and also provides quite good performance (under 0.5 dB worse than the best performance)

Proposal 4: For medium Doppler cases, AP2 with 2-comb IFDM and 3 OFDM symbols should be supported as the preferred DM-RS configuration

Proposal 5: For high Doppler cases, DM-RS pattern with more denser configuration in time such as AP5 with 4-comb in 6 OFDM symbols should be supported
8
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Appendix

Table A1: Link-level evaluation simulations parameters for carrier frequency of 4 GHz
	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
	3, 30, 60, 120, 240 and 500 km/h

	Subcarrier spacing [kHz]
	15

	# of RBs
	6

	PRB bundling
	1, 3 and 6 (whole bandwidth)

	FFT size
	1024

	subframe length [ms]
	1

	# symbols per subframe
	14


Table A2: Link-level evaluation simulations parameters for carrier frequency of 30s GHz
	Assumptions
	Value

	Carrier frequency
	30 GHz

	Subcarrier spacing
	· 60kHz and 120kHz
Other subcarrier spacing is not precluded.

	Number of TXRUs
	· TRP = {2, 4, 8}
· UE = {2, 4}

	Transmission layer for data channel
	· SU-MIMO: up to 4 layers
· MU-MIMO: up to N layers
Note: Companies should provide the assumptions on N and the number of paired UEs and SNR distribution for MU-MIMO simulation.

	Transmission Scheme
	· Multi-antenna transmission schemes
Note: Companies explain details of the using transmission scheme.

	CSI feedback / Beam management scheme
	· Each company describes their own assumptions on CSI feedback and/or beam management 

	CW to layer mapping
	· LTE CW to layer mapping (baseline)

	Data Allocation
	· 1, 8, 32 RBs, and other option for maximum throughput
· Co-scheduled “dummy” users allocated on neighboring RBs. (optional)
· First 2 OFDM symbols for PDCCH, 10 OFDM symbols for data channel, last 2 OFDM symbols for guard and UL symbol.
Note: Error free PDCCH decoding is assumed.

	PRB bundling
	· 1, N RBs as in LTE (baseline) 
· Other N (optional)

	Modulation order, Coding rate
	QPSK (1/3, 1/2), 16QAM (1/2, 3/4), 64QAM (2/3, 5/6), 256QAM (3/4, 5/6)
QPSK (1/5) (optional)
Other MCS are not precluded
Note: Companies are allowed to choose the more appropriate MCS(s) for DM-RS evaluation in the selected channel model.

	Channel coding scheme
	· LTE turbo coding (baseline) 
Other channel coding schemes are not precluded.

	Link adaptation / HARQ
	· No link adaptation and no HARQ
· Evaluation with HARQ and/or link adaptation

	Channel estimation
	· Real estimation 
Note: Companies provide the channel estimation method.
Note: An ideal estimation based LLS performance result can be reported as a reference performance.

	Performance Metric
	· BLER
· Spectral efficiency

	Phase noise and frequency offset model (Optional)
	· Evaluate with and without phase/frequency tracking with the model in table 1 in [1]

	Interference limited scenario (Optional)
	· N interfering TRP 
· Details are FFS.

	UE speed
	· 3 km/h,30km/h 
· 120km/h (optional)
· 500km/h (optional for high speed train)

	Channel model
	· CDL-A /B/C for 30GHz
· Possible DS values = {10, 30, 100, 300, 1000} ns. 
· ASA, ASD, ZSA, ZSD follow the values in sec 7.7.1 in 38.900
· The angles of TRP, 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.
· CDL-D for 30 GHz (optional for high speed train [2])
· 10ns DS and K-factor 13.3dB, 
· Parameter set # 1: 5(ASD), 5(ASA), 1(ZSA), 1(ZSD)
· ZoD and ZoA for cluster #1 are fixed at 90 degrees

	TRP antenna configuration
	· In case of single panel:
(M,N,P,Mg,Ng) = (4,8,2,1,1); (dV,dH) = (0.5, 0.5)λ with directional antenna element (HPBW=650, directivity 8dB)

· In case of multiple panels: 
(M,N,P,Mg,Ng) = (4,8,2,2,2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ for 30GHz

A single TXRU is mapped per panel per polarization. 

Per antenna element pattern is in [3]

Each company describes their own antenna configurations and TXRU to antenna elements mapping.

· For high speed train (optional): 
See Table A.2.1-5 [2]

	UE antenna configuration
	· In case of single panel:
(M, N, P, Mg, Ng) = (2,4,2,1,1) ; (dV,dH) = (0.5, 0.5)λ, with directional antenna element (HPBW=900, directivity 5dB)

· In case of multiple panels:
(M, N, P, Mg, Ng) = (2,4,2,1,2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ.

Θmg,ng=90; Ω0,1=Ω0,0+180;

Notes: the polarization angles are 0 and 90

Notes: introduce (Ωmg,ng, Θmg,ng) for orientation of the panel (mg, ng), 0≤mg<Mg, 0≤ng<Ng,  where the orientation of the first panel (Ω0,0, Θ0,0) is the same as UE orientation, Ωmg,ng is the array bearing angle and Θmg,ng is the array downtilt angle defined in [TR 36.873].

· For high speed train (optional): 
See Table A.2.1-5 [2]
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