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1
Introduction
During the RAN1#88 meeting, the following agreements related to DM-RS were made in [1 – 5]:

Agreements:
· At least for CP-OFDM, NR supports a common DMRS structure for DL and UL
· DMRS for same or different links can be configured to be orthogonal to each other. 

· FFS exact DMRS location, DMRS pattern, and, scrambling sequence for the common DMRS structure.
Agreements:
· Confirm working assumption: 
· Front-loaded DMRS is mapped over 1 or 2 adjacent OFDM symbols

· NR aims for performance at least comparable to DM-RS of LTE in scenarios where applicable for both LTE and NR

· For high Doppler scenario, support at least one of following

· Additional DMRS with reduced density in frequency domain compared to front loaded DMRS

· Additional DMRS with same density in frequency domain compared to front loaded DMRS

· Support 1, 2, 4 symbols DMRS pattern
· FFS: 3 symbols
· FFS: more than 4 symbols for extreme high speed scenario

· Support multiplexing DMRS ports by CDM in both time domain and frequency domain

· E.g. support Walsh codes with length of 2 in time domain

· Consider the code length of larger than 2 for more orthogonal ports

· E.g. support at least one of multiplexing methods in frequency domain

· Cyclic phase rotation
· Walsh code
· Note that: FDM and TDM are not precluded

· Support PN sequence for CP-OFDM,  ZC-sequence for DFT-S-OFDM

· FFS: ZC-sequence for CP-OFDM

· Support pseudo-orthogonal DMRS ports

· E.g. by multiple scrambling IDs and/or virtual cell IDs.

Agreements:
· For DL DMRS port multiplexing, FDM (including comb), CDM (including OCC and Cyclic shift) and TDM should be considered

· For the CDM of DMRS ports in time and/or frequency domain

· FFS for OCC based or cycling based;  FFS: supporting CDM across adjacent REs 

· FFS: supporting cyclic shift across non-adjacent REs; FFS OCC size

· Support PN sequence for CP-OFDM: FFS: ZC-sequence for CP-OFDM

· FFS: For the case front-loaded DMRS pattern with 4 ports, 1 OFDM symbol is supported

· FFS: For the case of front-loaded DMRS pattern with 8 ports, two adjacent OFDM symbols are supported

· For high Doppler scenario, down selects from the followings

· Additional DMRS with reduced density in frequency domain compared to front loaded DMRS

· Additional DMRS with same density in frequency domain compared to front loaded DMRS

· Note that: Front loaded DMRS can be configured with low density

· Note: the complementary use of PT-RS for high Doppler channel estimation can be considered when determining the number of the additional DMRS.

· Other option is not precluded
· Support DMRS bundling in time domain
· At least time domain bundling with slot aggregation of DL-only slots is supported  DMRS pattern within the first slot is not impacted by the time domain DMRS bundling; FFS: Consider further overhead reduction of DMRS in case of bundling in time domain

· Consider whether to use mechanism of UE-assisted DMRS configuration. 

· Consider whether to use UE-assisted configuration of PRG size

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

· Companies are encouraged to perform SLS especially assuming practical channel and interference estimations

Agreements:
· Study further DMRS configuration(s) for CP-OFDM (DL&UL) and DMRS configuration(s) for DFT-s-OFDM (UL) for a given number of antenna ports, considering at least:

· DMRS pattern/position, multiplexing scheme, MU-MIMO (within CP-OFDM UEs, between CP-OFDM&DFT-s-OFDM UEs), etc.

· Whether or not to have the same number configuration(s) in DL and UL for CP-OFDM

· Possible frequency domain configurations considering:

· DMRS overhead 
· Channel estimation performance
· Possible time domain configurations assuming the following scenarios 

· Low, Medium, high, & very high mobility; Carrier frequency; Latency

In this contribution, we show both the link level and system level simulation results for different DM-RS patterns, mainly for OFDM type waveform, for frequency below 6GHz.
2 
Link Level results for front-loaded DM-RS pattern
In RAN1#88, it has been agreed to support either 1 or 2 OFDM symbols for front-loaded DM-RS patterns. In this section, we provide the link level performance for various patterns with either 1 or 2 DM-RS symbols. The exact patterns are shown in Figure 1 for a 14-symbol slot. They key aspects that need to be evaluated are:
1. Number of DMRS OFDM symbols required for front-loaded patterns

2. Number of DMRS frequency resources

3. Impact of different multiplexing schemes
The basic pattern (BP); BP1-BP3 correspond to front-loaded patterns with only single OFDM symbol and FDM with different numer of DM-RS resources in frequency; BP4-BP5 correspond to front-loaded patterns with only single OFDM symbol and CDM in frequency with different number of DM-RS resources in frequency; BP6-BP7 correspond to front-loaded patterns with two OFDM symbols and CDM in time with different number of DM-RS resources in frequency. Figure 1 shows all these basic front-loaded DM-RS patterns and Table 1 summarizes the key aspects of these patterns.
Figure 1: Front-loaded patterns for evaluations
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[image: image4.emf]Control Data DMRS (port 1 & 2) 

     
[image: image5.emf]Control Data DMRS (port 1 & 2) 

     
[image: image6.emf]Control Data DMRS (port 1 & 2) 
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[image: image7.emf]Control Data DMRS (port 1 & 2) 


Table 1: Summary of front-loaded DMRS patterns

	Patterns
	# of symbols
	# of DMRS REs/PRB
	CDM in time
	CDM in frequency
	Data & DMRS multiplexing

	BP1
	1
	3
	No
	No
	Yes

	BP2
	1
	4
	No
	No
	Yes

	BP3
	1
	6
	No
	No
	Yes

	BP4
	1
	6
	No
	Yes
	Yes

	BP5
	1
	4
	No
	Yes
	Yes

	BP6
	2
	6
	Yes
	No
	Yes


Now we provide the link level evaluation for all the seven front-loaded 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. The simulation parameters are given in Table A1 in the appendix. The main motivation of this evaluations is to analyze the range of speeds and MCS that can be served with the front-loaded patterns that achieve 70% of their maximum throughput at the lowest SNR values, while occupying the minimum number of OFDM symbols so that processing delay is kept at minimum. Figure 2 shows the results for speed of 3kmph with channel type TDL-C 300ns and TDL-C 1000 ns; PRB bundling size 1, 2 and 6 (whole allocation bandwidth); MCS 1, 2,3 are QPSK-1/3, 16QAM-1/2 and 64QAM-2/3, respectively.
Figure 2: Front-loaded patterns - Required SNR for 70% of maximum throughput for UE speed of 3kmph
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Based on the results for UE speed of 3kmph, following observations are made:
Observation 1: BP3 and BP4 provides the best performance for all scenarios, where there are six DM-RS resources in a PRB
Figure 3 shows the results for speed of 30kmph with channel type TDL-C 300ns and TDL-C 1000 ns; PRB bundling size 1, 2 and 6 (whole allocation bandwidth); MCS 1, 2,3 are QPSK-1/3, 16QAM-1/2 and 64QAM-2/3, respectively.

Figure 3: Front-loaded patterns - Required SNR for 70% of maximum throughput for UE speed of 30kmph
[image: image15.jpg]N 5P N 5P2 NN 6P3 N r4 I BPS [IBPs - BPY





[image: image16.emf]MCS

1 2 3

S

N

R

 

a

t

 

7

0

%

 

o

f

 

M

a

x

 

T

P

 

-2

2

6

10

14

30Kmph,TDL-C-300ns, PRB Bundle 1

[image: image17.emf]MCS

1 2 3

S

N

R

 

a

t

 

7

0

%

 

o

f

 

M

a

x

 

T

P

 

-2

2

6

10

14

30Kmph,TDL-C-1000ns, PRB Bundle 1


[image: image18.emf]MCS

1 2 3

S

N

R

 

a

t

 

7

0

%

 

o

f

 

M

a

x

 

T

P

 

-2

2

6

10

14

30Kmph,TDL-C-300ns, PRB Bundle 2

[image: image19.emf]MCS

1 2 3

S

N

R

 

a

t

 

7

0

%

 

o

f

 

M

a

x

 

T

P

 

-2

2

6

10

14

30Kmph,TDL-C-1000ns, PRB Bundle 2


[image: image20.emf]MCS

1 2 3

S

N

R

 

a

t

 

7

0

%

 

o

f

 

M

a

x

 

T

P

 

-2

2

6

10

14

30Kmph,TDL-C-300ns, PRB Bundle 6

[image: image21.emf]MCS

1 2 3

S

N

R

 

a

t

 

7

0

%

 

o

f

 

M

a

x

 

T

P

 

-2

2

6

10

14

30Kmph,TDL-C-1000ns, PRB Bundle 6


Based on the results for UE speed of 30kmph, following observations are made:

Observation 2: BP3, BP4 and BP6 provide the best performance for lower-mid range mobility scenario with all channels and PRB bundling size
Observation 3: Performance increases with increasing bundling size up to whole allocation bandwidth of 6 PRBs

Figure 4 shows the results for speed of 60kmph with channel type TDL-C 300ns and TDL-C 1000ns; PRB bundling size 1, 2 and 6 (whole allocation bandwidth); MCS 1, 2,3 are QPSK-1/3, 16QAM-1/2 and 64QAM-2/3, respectively.

Figure 4: Front-loaded patterns - Required SNR for 70% of maximum throughput for UE speed of 60kmph
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Based on the results for UE speed of 60kmph with front-loaded DMRS patterns, following observation is made:

Observation 4: For mid-range speed, front-loaded DM-RS pattern is not good enough for higher MCS cases.

Based on all the observations related to front-load DMRS patterns, following proposals should be considered:

Proposal 1: One-symbol front-loaded DM-RS pattern should be supported for very low speed scenarios.

Proposal 2: For low-mid range speed scenarios, 6 DM-RS resources should be supported for getting good channel estimation performance
Proposal 3: Front-loaded DM-RS pattern should be used only for lower speed and low-latency scenarios.
3 
Link Level results of DM-RS patterns for high-speed scenario

In the previous section, we presented the results for front-loaded DMRS patterns for different scenarios and UE speeds ranging from 3kmph to 60 kmph and we observed that the front-loaded DMRS patterns are not sufficient to provide reasonable performance for mid-range speeds and higher MCS values. Therefore, in this section, we present several alternatives for additional patterns (AP) and show performance evaluation with different scenarios. Figure 5 shows the different additional DMRS patterns. In addition, Table 2 summarizes the key aspects of these patterns. Most of these patterns are based on front-loaded DMRS patterns with additional instances in time domain. 

Figure 5: Additional DMRS patterns for evaluations
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[image: image33.emf]Control Data DMRS (port 1 & 2) 
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[image: image36.emf]Control Data DMRS (port 1 & 2) 
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Table 2: Summary of additional DMRS patterns

	Patterns
	# of DMRS symbols/PRB
	# of DMRS REs/PRB
	CDM in time
	CDM in frequency

	AP1
	3
	9
	No
	No

	AP2
	2
	8
	No
	No

	AP3
	3
	12
	No
	No

	AP4
	2
	12
	No
	No

	AP5
	2
	12
	No
	Yes

	AP6
	3
	18
	No
	Yes

	AP7
	3
	12
	No
	Yes

	AP8
	4
	12
	Yes
	No

	AP9
	6
	12
	Yes
	No


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 6 shows the results for speed of 60kmph with channel type TDL-C 300ns and TDL-C 1000 ns; PRB bundling size 1, 2 and 6; MCS 1, 2,3 are QPSK-1/3, 16QAM-1/2 and 64QAM-2/3, respectively.

Figure 6: Additional DMR patterns - Required SNR for 70% of maximum throughput for UE speed of 60kmph
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Based on the results for additional DMRS patterns with UE speed of 60kmph, following observation is made:

Oservation 5: AP 6 and AP8 provides quite good performance for mid-range speed scenario.

Observation 6: Higher number of DM-RS symbols in time is more preferable than higher number of DM-RS resources in frequency for high mobility support. 
Now for further evaluation, we provide results for high speed scenario of 120kmph in Figure 7, where the time variation in channel is much faster and it should be able to show more prominent difference in performance for the different DMRS patterns. 

Based on the results for additional DMRS patterns with UE speed of 120kmph, following observation is made:

Observation 7: AP6 provides the best performance for high speed scenario
Figure 7: Additional DMR patterns - Required SNR for 70% of maximum throughput for UE speed of 120kmph
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Furthermore, we provide results for very high speed scenario of 500kmph in Figure 8. Based on these results, following observations for very high UE speed of 500kmph with additional DMRS patterns are made:
Figure 8: Additional DMR patterns - Required SNR for 70% of maximum throughput for UE speed of 500kmph
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Based on the results for additional DMRS patterns with UE speed of 120kmph, following observation is made:

Observation 8: For very high speed scenarios with medium to high MCS, none of patterns provide good performance.
Based on all the results for additional DM-RS patterns, following proposals are made:

Proposal 4: For medium-high range mobility, 12-16 DM-RS resources that are contained in 3-4 symbols per 14-symbol slot are sufficient to provide good performance
Proposal 5: Consider upto three or four DM-RS symbols for medium-high range mobility
Proposal 6: For very high speed scenario, either more than 18 DM-RS resources or PT-RS symbols along with lower DM-RS resources should be supported
4
System level Results for front-loaded DM-RS

In this section, we show the performance loss with different front-loaded patterns from Figure 1 using system level simulations. The performance loss is the difference between ideal channel estimation without DMRS overhead and real channel estimation with DMRS overhead. System level simulation assumptions are shown in Table A2 in the appendix. For the higher percentile ranging from 50% - 95%, patterns BP2 and BP3 have the least performance loss and it concurs with the observations made from the link level simulation results. Although the overhead for these patterns is relatively higher, but the channel estimation performance improvement compensates for the overhead loss and therefore provide quite goof throughput performance.
Table 3: System level simulation results for front-loaded DM-RS patterns with 3Kmph
	
	Ideal TP
	Performance loss

	
	
	BP1
	BP2
	BP3
	BP4
	BP5
	BP6
	BP7

	5 %
	6,94E+05
	-10,04 %
	-10,83 %
	-9,52 %
	-8,87 %
	-7,54 %
	-8,76 %
	-9,56 %

	50 %
	3,36E+06
	-9,43 %
	-9,66 %
	-8,53 %
	-8,13 %
	-9,76 %
	-9,24 %
	-10,59 %

	95 %
	9,76E+06
	-9,32 %
	-8,87 %
	-8,10 %
	-8,61 %
	-9,65 %
	-8,95 %
	-10,75 %


Observation 9: System level simulation results show patterns BP3 and BP4 with the lowest performance loss, similar to link level simulation results.
5
Summary
In this section, the observations/proposals are summarized:
Observation 1: BP3 and BP4 provides the best performance for all scenarios, where there are six DM-RS resources in a PRB

Observation 2: BP3, BP4 and BP6 provide the best performance for lower-mid range mobility scenario with all channels and PRB bundling size

Observation 3: Performance increases with increasing bundling size up to at least 6 PRBs of whole allocation bandwidth in the evaluation.

Observation 4: For mid-range speed, front-loaded DM-RS pattern is not good enough for higher MCS cases.

Oservation 5: AP 6 and AP8 provides quite good performance for mid-range speed scenario.

Observation 6: Higher number of DM-RS symbols in time is more preferable than higher number of DM-RS resources in frequency for higher mobility support. 
Observation 7: AP6 provides the best performance for high speed scenario
Observation 8: For very high speed scenarios with medium to high MCS, none of patterns provide good performance.

Observation 9: System level simulation results show patterns BP3 and BP4 with the lowest performance loss, similar to link level simulation results.
Proposal 1: One-symbol front-loaded DM-RS pattern should be supported for very low speed scenarios.

Proposal 2: For low-mid range speed scenarios, 6 DM-RS resources should be supported for getting good channel estimation performance
Proposal 3: Front-loaded DM-RS pattern should be used only for lower speed and low-latency scenarios.

Proposal 4: For medium-high range mobility, 12-16 DM-RS resources that are contained in 3-4 symbols per 14-symbol slot are sufficient to provide good performance

Proposal 5: Consider upto three or four DM-RS symbols for medium-high range mobility
Proposal 6: For very high speed scenario, either more than 18 DM-RS resources or PT-RS symbols along with lower DM-RS resources should be supported
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Appendix

Table A1: Link-level evaluation simulations parameters
	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

	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 and 500 km/h

	Subcarrier spacing [kHz]
	15

	# of RBs
	6

	FFT size
	1024

	subframe length [ms]
	1

	# symbols per subframe
	14


Table A2: System-level evaluation simulations parameters
	Parameter for SLS
	Value

	Scenario
	Urban macro

	Layout
	Single layer: Macro layer: Hex. Grid

	Channel model
	3D UMa, ISD = 500 m

	UE Speed
	3Kmph

	Carrier frequency
	4 GHz

	Simulation bandwidth
	10 MHz per CC

	Tx power
	BS: 44 dBm 

	UE distribution
	80% Indoor / 20% Outdoor Uniform

	BS antenna configuration
	1x8x2 TXRU layout

0.5-wavelength horizontal spacing

0.8-wavelength vertical spacing

	UE antenna configuration
	2 Rx X-pol, slant 0/90 degrees 

	Traffic model
	Full buffer

	TRP association
	RSRP based

Handover margin = 3dB

	CSI feedback
	LTE codebook (full 16 port codebook)

	Transmission mode
	DM-RS based SU-MIMO

	Scheduling
	Proportional Fair

	OLLA
	10% BLER target

	Elevation beamforming
	One vertical beam per TXRU electrically down-tilted to 100 degrees

	UE receiver
	MMSE

	Max HARQ transmissions
	6


Front-loaded DM-RS patterns – 3kmph
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Figure A1.1: Front-loaded DMRS patterns: Throughput vs SNR for 3kmph, TDL-C 300ns and PRB bundle 1
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Figure A1.2: Front-loaded DMRS patterns: Throughput vs SNR for 3kmph, TDL-C 300ns and PRB bundle 2
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Figure A1.3: Front-loaded DMRS patterns: Throughput vs SNR for 3kmph, TDL-C 300ns and PRB bundle 6
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Figure A1.4: Front-loaded DMRS patterns: Throughput vs SNR for 3kmph, TDL-C 1000ns and PRB bundle 1
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Figure A1.5: Front-loaded DMRS patterns: Throughput vs SNR for 3kmph, TDL-C 1000ns and PRB bundle 2
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Figure A1.6: Front-loaded DMRS patterns: Throughput vs SNR for 3kmph, TDL-C 1000ns and PRB bundle 6
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Front-loaded DM-RS patterns – 30kmph
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Figure A2.1: Front-loaded DMRS patterns: Throughput vs SNR for 30kmph, TDL-C 300ns and PRB bundle 1
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Figure A2.2: Front-loaded DMRS patterns: Throughput vs SNR for 30kmph, TDL-C 300ns and PRB bundle 2
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Figure A2.3: Front-loaded DMRS patterns: Throughput vs SNR for 30kmph, TDL-C 300ns and PRB bundle 6
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Figure A2.4: Front-loaded DMRS patterns: Throughput vs SNR for 30kmph, TDL-C 1000ns and PRB bundle 1
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Figure A2.5: Front-loaded DMRS patterns: Throughput vs SNR for 30kmph, TDL-C 1000ns and PRB bundle 2
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Figure A2.6: Front-loaded DMRS patterns: Throughput vs SNR for 30kmph, TDL-C 1000ns and PRB bundle 6
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Front-loaded DM-RS patterns – 60kmph
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Figure A3.1: Front-loaded DMRS patterns: Throughput vs SNR for 60kmph, TDL-C 300ns and PRB bundle 1
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Figure A3.2: Front-loaded DMRS patterns: Throughput vs SNR for 60kmph, TDL-C 300ns and PRB bundle 2
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Figure A3.3: Front-loaded DMRS patterns: Throughput vs SNR for 60kmph, TDL-C 300ns and PRB bundle 6
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Figure A3.4: Front-loaded DMRS patterns: Throughput vs SNR for 60kmph, TDL-C 1000ns and PRB bundle 1
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Figure A3.5: Front-loaded DMRS patterns: Throughput vs SNR for 60kmph, TDL-C 1000ns and PRB bundle 2
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Figure A3.6: Front-loaded DMRS patterns: Throughput vs SNR for 60kmph, TDL-C 1000ns and PRB bundle 6
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Additional DM-RS patterns – 60kmph
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Figure A4.1: Additional DMRS patterns: Throughput vs SNR for 60kmph, TDL-C 300ns and PRB bundle 1
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Figure A4.2: Additional DMRS patterns: Throughput vs SNR for 60kmph, TDL-C 300ns and PRB bundle 2
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Figure A4.3: Additional DMRS patterns: Throughput vs SNR for 60kmph, TDL-C 300ns and PRB bundle 6
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Figure A4.4: Additional DMRS patterns: Throughput vs SNR for 60kmph, TDL-C 1000ns and PRB bundle 1
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Figure A4.5: Additional DMRS patterns: Throughput vs SNR for 60kmph, TDL-C 1000ns and PRB bundle 2
[image: image129.emf]SNR [dB]

-10 -5 0 5 10

T

h

r

o

u

g

h

p

u

t

 

[

M

b

i

t

/

s

]

0

0.5

1

QPSK-1/3,60Kmph,TDL-C-1000ns

[image: image130.emf]SNR [dB]

-5 0 5 10 15

T

h

r

o

u

g

h

p

u

t

 

[

M

b

i

t

/

s

]

0

0.5

1

1.5

2

16QAM-1/2,60Kmph,TDL-C-1000ns

[image: image131.emf]SNR [dB]

5 10 15 20 25

T

h

r

o

u

g

h

p

u

t

 

[

M

b

i

t

/

s

]

0

1

2

3

4

64QAM-2/3,60Kmph,TDL-C-1000ns


Figure A4.6: Additional DMRS patterns: Throughput vs SNR for 60kmph, TDL-C 1000ns and PRB bundle 6
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Additional DM-RS patterns – 120kmph
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Figure A5.1: Additional DMRS patterns: Throughput vs SNR for 120kmph, TDL-C 300ns and PRB bundle 1
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Figure A5.2: Additional DMRS patterns: Throughput vs SNR for 120kmph, TDL-C 300ns and PRB bundle 2
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Figure A5.3: Additional DMRS patterns: Throughput vs SNR for 120kmph, TDL-C 300ns and PRB bundle 6
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Figure A5.4: Additional DMRS patterns: Throughput vs SNR for 120kmph, TDL-C 1000ns and PRB bundle 1
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Figure A5.5: Additional DMRS patterns: Throughput vs SNR for 120kmph, TDL-C 1000ns and PRB bundle 2
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Figure A5.6: Additional DMRS patterns: Throughput vs SNR for 120kmph, TDL-C 1000ns and PRB bundle 6
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Additional DM-RS patterns – 500kmph
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Figure A6.1: Additional DMRS patterns: Throughput vs SNR for 500kmph, TDL-C 300ns and PRB bundle 1

[image: image155.emf]SNR [dB]

-10 -5 0 5 10

T

h

r

o

u

g

h

p

u

t

 

[

M

b

i

t

/

s

]

0

0.5

1

QPSK-1/3,500Kmph,TDL-C-300ns

[image: image156.emf]SNR [dB]

-5 0 5 10 15

T

h

r

o

u

g

h

p

u

t

 

[

M

b

i

t

/

s

]

0

0.5

1

1.5

2

16QAM-1/2,500Kmph,TDL-C-300ns

[image: image157.emf]SNR [dB]

5 10 15 20 25

T

h

r

o

u

g

h

p

u

t

 

[

M

b

i

t

/

s

]

0

1

2

3

4

64QAM-2/3,500Kmph,TDL-C-300ns


Figure A6.2: Additional DMRS patterns: Throughput vs SNR for 500kmph, TDL-C 300ns and PRB bundle 2
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Figure A6.3: Additional DMRS patterns: Throughput vs SNR for 500kmph, TDL-C 300ns and PRB bundle 6
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Figure A6.4: Additional DMRS patterns: Throughput vs SNR for 500kmph, TDL-C 1000ns and PRB bundle 1
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Figure A6.5: Additional DMRS patterns: Throughput vs SNR for 500kmph, TDL-C 1000ns and PRB bundle 2
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Figure A6.6: Additional DMRS patterns: Throughput vs SNR for 500kmph, TDL-C 1000ns and PRB bundle 6
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