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1
Introduction
An objective of the NR study item [1] is to identify and develop technology components needed for NR systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].

During the RAN1#87, following agreements related to demodulation reference signals (DMRS) in NR are captured in [3]:

Agreements:
· Support variable/configurable DMRS pattern for data demodulation 

· FFS: Time and/or frequency domain density can be configured  

· FFS: RE location can be configured

· At least one configuration supports front-loaded DMRS pattern
In [4], following agreements have been made related to evaluation of DMRS patterns:

Agreements:

· For the RAN1 NR Ad-hoc meeting, companies are encouraged to provide performance evaluation and to clarify the following aspects used for evaluation:
· Channel estimation method (e.g. IFFT type, MMSE type and LS type including assumptions on pipe-line or interpolation/extrapolation for data demodulation, etc.)
· PRB bundling assumption
· Considering of noise limited and interference limited scenarios
· Companies to state phase noise assumptions
In this contribution, we provide the link level simulation results for the DMRS patterns presented in our accompanying contribution [5] for different scenarios.
2 
Link Level results for front-loaded DMRS pattern
It has been agreed to support at least one configuration with the front-loaded DMRS pattern. In this section, we present the link level results for basic only front-loaded DMRS pattern for rank-1 transmission for physical data channels. Figure 1 shows the front-loaded DMRS pattern with the first two symbols allocated for control region and the third symbol containing the DMRS resources followed by data symbols. The design is shown for one physical resource block (PRB) with 12 subcarriers in frequency domain and a 14-symbol time-slot. 
In Figure 2, we show the required SNR to achieve 70% of the maximum throughput against PRB bundling size of 1, 2 and 4. These curves are plotted for front-loaded pattern as shown in Figure with different speeds. Following observations can be made based on these results:

Observation 1: The performance for the front-loaded DMRS pattern improves with increase in bundling size with the simulated speeds up to 60 Kmph, although the improvement is more prominent while moving from PRB bundling size of 1 to 2.

Observation 2: The performance for the front-loaded DMRS pattern is comparable from low to mid-range speeds, especially when PRB bundling size greater than one can be applied for higher speed range (60 Kmph).

Observation 3: The performance difference for different channel delay spreads is not significant for the low to mid-range speeds.
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Figure 1: Front-loaded DMRS pattern for rank-1
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Figure 2: Required SNR for 70% of max throughput for front-loaded DMRS pattern for rank-1, 15 kHz 
3 
Link Level results of DMRS patterns for high-speed scenario

In this section, we show link level results of advanced DMRS design mainly for high speed scenarios and compare their performance with front-loaded pattern. We present three alternatives that could be configured depending up on the requirement of reliable channel estimates for high speed scenario. The first alternative is shown in Figure 3 where we propose to use phase-tracking reference signal (PT-RS) for improving the channel estimation in time. The second alternative is to utilize additional DMRS symbol for improving the channel estimates in high speed scenarios as shown in Figure 4. The placement of the additional DMRS symbol is the main point of consideration here. We propose to have the additional DMRS symbol at a spacing of 7 OFDM symbol from the front-loaded symbol. In Figure 5, alternative three is shown which consists of a front-loaded DMRS + PT-RS + additional DMRS symbol.
In Figure 6 and 7, we provide link level simulation results showing the required SNR to achieve 70% of maximum throughput for speed of 120 kmph and 500 kmph, respectively. The performance is compared for four patterns including front-loaded, front-loaded + PT-RS, front-loaded + addition DMRS and front-loaded + PTRS + additional DMRS. Based on these results, following obervsations are made:
Observation 4: The performance for high speed scenarios is significantly better with the pattern including front-loaded DMRS + PT-RS+additional DMRS
Observation 5: There is not a significant performance difference between only front-loaded DMRS pattern and front-loaded DMRS + additional DMRS pattern.

Observation 6: The increase in bundling size provides significant performance gain for high speed scenarios.
Proposal 1: Minimum PRB bundling size could be greater than one based on the improvements in performance of different DMRS patterns for different scenarios.

Proposal 2: PRB bundling could be configurable, rather than fixed values depending up on the bandwidth.
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 Figure 3: Front-loaded DMRS + PT-RS      

   Figure 4: Front-loaded + additional DMRS
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Figure 5: Front-loaded + PTRS + additional DMRS
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Figure 6: Required SNR for 70% of max throughput for 120 kmph speed for rank-1, 15 kHz
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Figure 7: Required SNR for 70% of max throughput for 500 kmph speed for rank-1, 15 kHz

4
Link Level results of DMRS pattern for higher ranks

In this section, we show the link level results for multiplexing of DMRS ports for rank-8 transmission. We consider a DMRS pattern design, wherein DM-RS ports k, with k=1,..., 4 are multiplexed in frequency (FDM) with a fixed SC spacing of 4 SCs for a given port while DM-RS ports p, with p=5,…, 8 are CDM multiplexed with orthogonal cover code (OCC) on the same REs with ports p-4, respectively, in the DMRS carrying OFDM symbols. Figure 8 shows the DMRS patter for rank-8 transmission.

[image: image5.jpg]. DMRS port 1/5 .
. DMRS port 4/8 . Control Data
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Figure 8: Front-loaded DMRS pattern for rank-8
The link-level performance of above the described rank-8 DM-RS patterns were evaluated with the simulation assumptions summarized in Table A2 in Appendix section. 
The BLER vs SNR results are shown for 15 kHz and 60 kHz SC spacing in Figure 9 a) and 9 b), respectively, considering MCSs ranging from R=1/2 16-QAM to R=5/6 64-QAM. Different channel profiles are shown with the following color coding: TDL-B-100ns (black), TDL-C-300ns (red), and TDL-C-1000ns (blue). 

[image: image6.png]BLER

10°%

, R=5/6

64QAM, R/

107t
16QAM, R=1/2
TOL-8-100ns
TOL-C-300ns
TOL-C-1000ns
102 1
10 15 20 25 30 35

SNR [dB]



[image: image7.png]1'%

1BQAM,

BAQAM, R=273

BLER

BAQAN, RZ5/B

10



 
(a)                                       (b)
Figure 9: BLER vs SNR performance of rank-8 PDSCH in TDL-B (100ns DS), TDL-C (300ns DS) and TDL-C (1000ns DS) channels fora) 15 kHz and b) 60 kHz SC spacing. 

The results in Figure 9 a) show that DM-RS pattern with 60 kHz pilot spacing in frequency can support robust rank-8 channel estimation up to R=2/3 64-QAM including TDL-C profile with 1000ns DS, whereas for R=2/3 64-QAM and beyond the frequency-selectivity of TDL-C profiles in comparison to pilot spacing becomes too much.  
The results in Figure 9 b) show that DM-RS pattern with 240 kHz pilot spacing in frequency can support rank-8 channel estimation only for a subset of TDL channel profile and MCS combinations as follows. Pilot spacing of 240 kHz for 60 kHz SC does not support rank-8 with any of the MCSs ranging from R=1/2 16-QAM to R=5/6 64-QAM. Pilot spacing seems sufficient up to R=1/2 64-QAM and R=5/6 64-QAM in TDL-C (300ns) and TDL-B (100ns) channels, respectively.  
Observation 7: In case of 15 kHz SC spacing, FDM + CDM based rank-8 DM-RS pattern design: utilizing pilot spacing of 4 SCs per port combined with OCC, provides good estimation performance for all channel profiles ranging from TDL-B (100ns) to TDL-C (1000ns) supporting MCSs up to R=2/3 64-QAM.    

Observation 8: In case of 60 kHz SC spacing, FDM + CDM based rank-8 DM-RS pattern design: utilizing 4 SC pilot spacing per port combined with OCC, reasonable estimation performance is limited to lower DS channel profiles as follows. MCSs up to R=1/2 64-QAM and R=5/6 can be supported in TDL-C (300ns) and TDL-B (100ns), respectively. 
Proposal 3: Regarding NR numerology options for below 6 GHz bands, SC spacing of 15 kHz should be supported as it enables high-rank DM-RS multiplexing supporting high MCS transmission even in long DS channel profiles such as TDL-C (1000ns) with reasonable overhead.  
5
Summary
In this section, the observations/proposals are summarized:
Observation 1: The performance for the front-loaded DMRS pattern improves with increase in bundling size with the simulated speeds up to 60 Kmph, although the improvement is more prominent while moving from PRB bundling size of 1 to 2.

Observation 2: The performance for the front-loaded DMRS pattern is comparable from low to mid-range speeds, especially when PRB bundling size greater than one can be applied for higher speed range (60 Kmph).

Observation 3: The performance difference for different channel delay spreads is not significant for the low to mid-range speeds.

Observation 4: The performance for high speed scenarios is significantly better with the pattern including front-loaded DMRS + PT-RS+additional DMRS

Observation 5: There is not a significant performance difference between only front-loaded DMRS pattern and front-loaded DMRS + additional DMRS pattern.

Observation 6: The increase in bundling size provides significant performance gain for high speed scenarios.Observation 7: In case of 15 kHz SC spacing, FDM + CDM based rank-8 DM-RS pattern design: utilizing pilot spacing of 4 SCs per port combined with OCC, provides good estimation performance for all channel profiles ranging from TDL-B (100ns) to TDL-C (1000ns) supporting MCSs up to R=2/3 64-QAM.    

Observation 8: In case of 60 kHz SC spacing, FDM + CDM based rank-8 DM-RS pattern design: utilizing 4 SC pilot spacing per port combined with OCC, reasonable estimation performance is limited to lower DS channel profiles as follows. MCSs up to R=1/2 64-QAM and R=5/6 can be supported in TDL-C (300ns) and TDL-B (100ns), respectively. 
Proposal 1: Minimum PRB bundling size could be greater than one based on the improvements in performance of different DMRS patterns for different scenarios.

Proposal 2: PRB bundling could be configurable, rather than fixed values depending up on the bandwidth.
Proposal 3: Regarding NR numerology options for below 6 GHz bands, SC spacing of 15 kHz should be supported as it enables high-rank DM-RS multiplexing supporting high MCS transmission even in long DS channel profiles such as TDL-C (1000ns) with reasonable overhead.
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Appendix

Table A1: Link-level evaluation assumptions for rank-1
	Assumptions 
	Value

	Carrier frequency
	4 GHz

	UE antenna model
	4 antennas (uncorrelated)

	TRP antenna model
	4 antennas (uncorrelated)

	Channel coding
	LTE Turbo code

	Precoder
	LTE codebook

	Rank per UE
	Rank-1

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

	Channel estimation 
	Practical

	Channel model
	TDL-(B 100 ns, C 300 ns, C 1000 ns)

	Speed
	3, 30, 60, 120 and 500 km/h

	Subcarrier spacing [kHz]
	15

	# of RBs
	8

	Ts [us]
	66.67

	FFT size
	1024

	subframe length [ms]
	1

	# symbols per subframe
	14


Table A2: Link-level evaluation assumptions for rank-8
	Assumptions 
	Value

	Carrier frequency
	4 GHz

	UE antenna model
	ULA, 8 antennas (uncorrelated)

	TRP antenna model
	ULA, 8 antennas (uncorrelated)

	Channel coding
	LTE Turbo code

	Precoder
	LTE codebook

	Rank per UE
	Rank-8

	MCS 
	16QAM 1/2, 16QAM 3/4, 64QAM 1/2, 64QAM 2/3, 64QAM 5/6

	Channel estimation 
	Practical

	Channel model
	TDL-(B 100 ns, C 300 ns, C 1000 ns)

	Speed
	0 km/h

	Numerology
	Case 1 
	Case 2 

	Subcarrier spacing [kHz]
	15
	60

	Clock rate [Mchip/s]
	15.36
	15.36

	carrier BW [MHz]
	10 (8.64 active)
	10 (8.64 active)

	# of subcarriers
	576 (48 RBs)
	144 (12 RBs)

	Ts [us]
	66.67
	16.67

	FFT size
	1024
	256

	subframe length [ms]
	1
	1

	# symbols per subframe
	14
	56

	CP length (mean) [us]
	4.69
	1.17

	CP overhead [%]
	6.6
	6.6

	DMRS overhead [%]
	14.3
	14.3


Figure A1: Throughput vs SNR for front-loaded DMRS pattern with TDL-B-100ns, 15 kHz 
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Figure A2: Throughput vs SNR for front-loaded DMRS pattern with TDL-C-300ns, 15 kHz 
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Figure A3: Throughput vs SNR for front-loaded DMRS pattern with TDL-C-1000ns, 15 kHz [image: image14.emf]SNR [dB]
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Figure A4: Throughput vs SNR for 120 kmph with TDL-B-100ns and 15 kHz for different DMRS patterns
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Figure A5: Throughput vs SNR for 120 kmph with TDL-C-300ns and 15 kHz for different DMRS patterns
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Figure A6: Throughput vs SNR for 120 kmph with TDL-C-1000ns and 15 kHz for different DMRS patterns
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Figure A7: Throughput vs SNR for 500 kmph with TDL-B-100ns and 15 kHz for different DMRS patterns
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Figure A8: Throughput vs SNR for 500 kmph with TDL-C-300ns and 15 kHz for different DMRS patterns
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Figure A9: Throughput vs SNR for 500 kmph with TDL-C-1000ns and 15 kHz for different DMRS patterns
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