[bookmark: OLE_LINK6][bookmark: OLE_LINK3]3GPP TSG RAN Meeting #81		        RP-181985
Gold Coast, Australia, September 10 - 13, 2018

Source:	CMCC, Ericsson, MTK, ZTE, Qualcomm, Intel, Nokia, Huawei
Title:	Collection of evaluation results for high speed train performance with R15 numerologies
[bookmark: _GoBack]Agenda Item:	9.8	
Document for:	Discussion and Decision
1. Introduction
As stated in our RAN #79 contribution [1], for high speed scenario, the enhancements of NR in contrast to LTE include scalable subcarrier spacing (SCS) and additional DMRS configuration. Considering the resistance of the ICI caused by high mobility, different SCSs provide different performance. For normal CP configuration, larger SCS indicates shorter CP durations, which is more sensitive to large delay spread. Therefore, in order for NR to provide better UE experience than LTE, the numerology (combination) should be carefully examined.
Link level simulations to compare the high speed performance of different numerologies are conducted among several companies, the evaluation results are shown in this contribution. And observation are made here.
The numerologies considered here are, 15KHz NCP, 30KHz NCP, 60KHz NCP and 60 KHz ECP.
2. Evaluation Methodology
A SFN deployment is adopted, as shown in Figure 1, where an infinite number of RRHs are equidistantly distributed along the track, and the UE connects to the 4 nearest RRHs that share the same cell ID. 
[image: ]
Figure 1. Deployment of HST-SFN
UE moves along the railway track, and experiences different Doppler shifts and path delays at different locations. To check UE’s performance, 
· A number of UE locations along the track are chosen, and link level simulation (LLS) is performed for each location to evaluate the throughput performance for each numerology. 
· Then throughput average of all the locations can be the performance of this numerology.
· Performance of different numerologies are compared.

To simplify the evaluation, no handover is considered. Therefore, only the region that between any two adjacent RRHs needs to be examined. A number of UE locations within this region are chosen. To initialize the LLS, some basic assumptions and parameters are provided as follows:
· Number of UE locations to be evaluated 







Denote the inter-RRH distance as, and the distance step between two evaluated UE locations as,　there are  UE locations between the two adjacent RRHs, where , supposing thatdivides . Considering the deployment symmetry, the number of UE locations that to be evaluated is.
· SNR of each location




In the LLS, the SNR value to be evaluated for each location should be determined, and a simple relative SNR setting is considered here to reflect the SNR relation between the locations. Considering the region between RRH1 and RRH2, the UE location that is closest to RRH1 is set as the reference location A, as shown in figure.2. Denote the SNR of location A as, the sum of LOS path power of all the connected RRHs at location A as , and the sum of LOS path power of all the connected RRHs for another UE location B as , then the SNR of location B is computed by, as depicted in Figure 2.
[image: ]
Figure 2. The relative SNR of the evaluated UE locations
· MCS for each location
For the changing SNR, adaptive MCS is straight way. However, the impact of adaptive algorithms will bring uncertainty in the results. To eliminate the impact of adaptive algorithms, a series of MCSs can be evaluated at SNR of each location, and the throughput of each location is given by the throughput of MCS which provide the best throughput. Therefore, the MCS changes at different locations.
3. [bookmark: Source]Evaluation Assumptions
3.1. Channel model
The merged model from CDL and 36.101 B.3A is adopted in the evaluation. Assume that an infinite number of RRHs distributed equidistantly along the track with the same Cell ID, and the UE connects to the nearest 4 RRHs, as depicted in Figure 1. 

The location of the th RRH is expressed as

                                           (3.1)








where , , and  is the distance between RRHs and the track, and is inter-RRH distance.  and  are in meters. The values of   and  are provided in table 1, which come from average data of some practical deployment.
Table 1 Parameters for channel model
	Parameter
	Value

	

	720 m

	

	120 m




The UE (train) location is denoted as

                                            (3.2)



where  is the speed of the UE. The channel between the th Tx antenna and the th antenna at UE is given by

                              (3.3)




[bookmark: OLE_LINK2]where  is the channel between the th Tx antenna of the th RRH to the th antenna at UE, which is

         (3.4)
with

(3.5) 
and

(3.6)



and , where  is the delay of th RRH, which can be derived as


  for                (3.7)




[bookmark: OLE_LINK5]and  is the delay of the th channel cluster, shown in Table 7.7.1-1~7.7.1-5 in 38.901. Note that in the evaluation, the AOA, AOD, ZOA, ZOD shall be modified according to UE locations based on AOA, AOD, ZOA, ZOD in Table 7.7.1-1~7.7.1-5 in 38.901. In (3.3), the  (dB) for the signal from th RRH, normalized to the total power received from all visible RRHs, is given by

    (3.8)
3.2. Simulation parameters
The distance step between two evaluated UE locations is 72 m, therefore six locations named A,B,C,D,E,F are evaluated. And SNR for the reference location A is 6 dB / 9 dB / 12 dB. The SNR for the 6 locations are [6, 5, 3, 1, 0, -1] dB, [9, 8, 6, 4, 3, 2] dB, and [12, 11, 9, 7, 6, 5] dB when SNRA=6 dB, 9 dB, and 12 dB, respectively
For each location, PDSCH with the following transmission schemes are considered,
· For 2 GHz with 2T2R
precoding cycling with 2RB granularity
· For 3.5 GHz with 64T4R
Single layer transmission, and the CQI feedback behavior are provided as the following in 38.214 section 5.2.1.4:
When a UE is configured with higher layer parameter codebookType set to 'TypeI-SinglePanel' and pmi-FormatIndicator is configured for single PMI reporting, the UE may be configured with reportQuantity to report:
……
· 




[bookmark: _Hlk497235737]RI (if reported), CRI (if reported), CQI, and a PMI consisting of a single wideband indication ( in Subclause 5.2.2.2.1) for the entire CSI reporting band. The CQI is calculated conditioned on the reported  assuming PDSCH transmission with   precoders (corresponding to the same but different  in sub-clause 5.2.2.2.1), where the UE assumes that one precoder is randomly selected from the set of   precoders for each PRG on PDSCH, where the PRG size for CQI calculation is configured by the higher layer parameter pdsch-BundleSizeForCSI
The antenna related parameters are listed in table.2
Table 2 antenna related parameters and values
	Parameters
	Values

	Antenna configuration
	 GHz: gNB: 2T, UE: 2R
3.5 GHz: gNB: 64T, UE: 4R

	RRH
	128 Tx/Rx, (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (dH,dV) = (0.5, 0.8)λ, +45°, -45° polarization
Map to 64TXRU, (M, N, P, Mg, Ng) = (4, 8, 2, 1, 1)

	UE
	4 Tx/Rx, (M, N, P, Mg, Ng) = (1,2,2,1,1), (dH,dV) = (0.5, N/A)λ, 0°,90° polarization
Map to 4TXRU, 1-to-1 mapping

	Downtilt Angle
	

5.5°, where  is the RRH height

	Azimut Angle
	
72°

	Radiation power pattern of a single antenna element for RRH
	Vertical cut of the radiation power pattern (dB)
	


	
	Horizontal cut of the radiation power pattern (dB)
	


	
	3D radiation power pattern (dB)
	


	
	Maximum directional gain of an antenna element GE,max
	8 dBi

	UE antenna
	omni-directional antenna element with 0 dBi



Other simulation parameters are listed in table.3
Table 3 Simulation parameters and values
	Parameters
	Values

	bandwidth
	20 MHz

	Numerologies
(subcarriers/CP)
	15K NCP
30KHz NCP
60KHz NCP
60KHz ECP

	Mobility
	350km/h, 500km/h

	Number of RBs
	106, 51, 24 corresponding to 15K，30K and 60KHz subcarrier spacing.

	PDCCH overhead
	2 OFDM symbols

	RRH height
	35 m

	UE height
	1.5 m

	Channel model
	CDL-E

	Delay spread
	100 ns[footnoteRef:1] [1:  Notes: Referring to Table III in [3], the measured mean delay spread is 75ns under the scenario that Tx-Rx distance is 50-400m with LOS path, and referring to Table 2.5 in [4], the measured mean delay spread is 68 ns under the viaduct scenario, and is 56 under the U-shaped cutting scenario. Based on these measurements, the delay spread is set to 100ns in the evaluation.] 


	MCS
	Depends on the SNR of each evaluated UE location

	HARQ
	off

	Channel estimation
	Practical

	Receiver type
	MMSE

	DMRS configuration 
	DMRS Configuration 1.
Front-load+additional DMRS:
Mandatory: 1+3 for 15KHz ; 1+3 for 30 kHz; 1+1 for 60 kHz 
Optional: 1+2 for 30 kHz and 60 kHz;

	CSI-RS port
	16 ports




4. Simulation Results
As to the metric for comparison, since A, B, C, D, E and F only represent half of the inter-site distance, throughput of B,C,D,E should be weighted twice when average throughput is calculated, while A and F weighted only once, as shown in figure.3
[image: cid:image003.png@01D43AF6.00364730]
Figure. 3 calculation weight for different location
4.1. Results of 500 km/h at 3.5 GHz
From the collected results, it is observed that one group of results shows that 30 KHz with NCP performs better, and another group of result shows 60KHz with NCP performs better.
4.1.1. Resources showing 30KHz with NCP performs better
All companies give results for SNRA =6dB, some also provide results of SNRA =9dB and 12dB. The weighted average throughput results with 500km/h at 3.5 GHz from Ericsson, ZTE, MTK, Qualcomm, Intel and CMCC are provided as follows. Ericsson, Qualcomm and MTK also provide performance of different additional DMRS. Note that Ericsson uses RAN4 SFN model in 36.101 B.3A.
	Source
	SNR_A = 6 dB
	SNR_A = 9 dB
	SNR_A = 12 dB

	Ericsson
	[image: ]
	[image: ]
	[image: ]

	ZTE
	[image: ]
	[image: ]
	[image: ]

	MTK
	 [image: ]
	N/A
	N/A

	Qualcomm
	[image: ]
	N/A
	N/A

	Intel
	[image: ]
	N/A
	N/A

	CMCC
	[image: ]
	
	



The performance gain of 30KHz NCP over 60KHz NCP is shown in the following,
Ericsson: 2%~4.5%;
MTK: 8.8%;
ZTE: 5.6%~12.6%;
Qualcomm: 6%;
Intel: 36%;
CMCC: 6.8%
4.1.2. Resources showing 60 kHz with NCP performs better
The weighted average throughput with 500km/h at 3.5 GHz from Huawei and Nokia are provided as follows.
	Source
	SNR_A = 6 dB
	SNR_A = 9 dB
	SNR_A = 12 dB

	Huawei
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	Nokia
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The performance gain of 60 KHz NCP over 30 KHz NCP is shown in the following,
Huawei: 5.7%~20%;
Nokia: 16.2~17%;
Comparing 60 KHz ECP with results of 30 KHz and 60 KHz (for companies providing results of different DMRS configurations, the best results for each numerology is chosen), all results show that 60KHz ECP is worse than 30KHz and 60KHz NCP with the current evaluation assumption.
Observation 1: for 3.5GHz with 500km/h, 
· Results of 6 companies, e.g Ericsson, ZTE, MTK, Qualcomm, Intel and CMCC illustrate that 30 kHz NCP performs better than other numerologies. And the performance gain varies from 2%~36%;
· Results of 2 companies, e.g Nokia and Huawei illustrate that 60 kHz NCP performs better than other numerologies. And the performance gain varies from 5.7%~20%;
Observation 2: for 3.5GHz with 500km/h, 15KHz numerology performs worst among all the numerologies.
Observation 3: all results shows that performance of 60KHz ECP is worse than 30KHz and 60KHz NCP for 3.5GHz and 500km/h with current evaluation simulation.
As to the performance of different additional DMRS, Ericsson, Qualcomm, Nokia and MTK provide corresponding results. However, the trends are not aligned. For 3.5GHz with 500km/h, the results show as,
For 30KHz NCP:
· 1 Front loaded+2 additional  DMRS provides better performance than 1+3 DMRS.
· Ericsson (gain: 2.5%~3.9%), Qualcomm(gain 4.3%), MTK(gain 4.4%)
· 1 Front loaded+3 additional DMRS provides better performance than 1+2 DMRS.
· Nokia (gain:17.3%~28.6%)
For 60KHz NCP:
· 1 Front loaded+1 additional DMRS provides better performance than 1+2 DMRS.
· Nokia (gain:4.7%~10%)
· 1 Front loaded+2 additional DMRS provides better performance than 1+1DMRS.
· Qualcomm (gain:2.8%)
· 1 Front loaded+2 additional DMRS provides similar performance as 1+1DMRS
· Ericsson

Observation 4: for 3.5GHz with 500km/h deployment and 30KHz NCP,
-	Results of 3 companies show that 1 Front loaded+2 additional DMRS performs better than 1 Front loaded+3 additional DMRS.
· Ericsson (gain: 2.5%~3.9%), Qualcomm (gain 4.3%), MTK (4.4%);
-	Results of 1 company show that 1 Front loaded+3 additional DMRS performs better than 1 Front loaded+2 additional DMRS.
· Nokia (gain: 17.3%~28.6%)

Observation 5: for 3.5GHz with 500km/h deployment and 60KHz NCP,
-	Results of 1 company show that 1 Front loaded+1 additional DMRS performs better than 1 Front loaded+2 additional DMRS.
· Nokia (gain: 4.7%~10%)
-	Results of 1 company show that 1 Front loaded+2 additional DMRS performs better than 1 Front loaded+1 additional DMRS.
· Qualcomm (gain: 2.8%)
· Results of 1 company show that 1 Front loaded+1 additional DMRS provides similar performance as 1 Front loaded+2 additional DMRS
· Ericsson.
4.2. Results of 350 km/h at 2 GHz
The weighted average throughput with 350km/h at 2 GHz from Ericsson is provided as follows.
	Source
	SNR_A = 6 dB
	SNR_A = 9 dB
	SNR_A = 12 dB

	Ericsson
	[image: ]
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	[image: ]



It can be seen from Ericsson’s results that for 350 km/h at 2 GHz, 60 kHz ECP performs worse than other numerologies, 30 kHz 1+2 DMRS provides the best performance while the differences with other numerologies are not very significant.
The detailed evaluation results can be seen in following attached excel document. Noted that the results present diverse performance trends when UE changes positions. The diverse may come from different beamforming realization, different channel model details, different receiver algorithms, and etc. Although we have tried to make them aligned, the different implementation details may affect the comparison conclusion. 


5. Conclusions
In this contribution, we collect and compare the weighted average throughput for different numerologies in the high speed train scenario and have the following observations:
Observation 1: for 3.5GHz with 500km/h, 
-	Results of 6 companies, e.g Ericsson, ZTE, MTK, Qualcomm, Intel and CMCC illustrate that 30 kHz NCP performs better than other numerologies.
-	Results of 2 companies, e.g Nokia and Huawei illustrate that 60 kHz NCP performs better than other numerologies.
Observation 2: for 3.5GHz with 500km/h, 15KHz numerology performs worst among all the numerologies.
Observation 3: all results shows that performance of 60KHz ECP is worse than 30KHz and 60KHz NCP for 3.5GHz and 500km/h with current evaluation simulation.
Observation 4: for 3.5GHz with 500km/h deployment and 30KHz NCP,
-	Results of 3 companies show that 1 Front loaded+2 additional DMRS performs better than 1 Front loaded+3 additional DMRS.
· Ericsson (gain: 2.5%~3.9%), Qualcomm (gain 4.3%), MTK (4.4%);
-	Results of 1 company show that 1 Front loaded+3 additional DMRS performs better than 1 Front loaded+2 additional DMRS.
· Nokia (gain: 17.3%~28.6%)

Observation 5: for 3.5GHz with 500km/h deployment and 60KHz NCP,
-	Results of 1 company show that 1 Front loaded+1 additional DMRS performs better than 1 Front loaded+2 additional DMRS.
· Nokia (gain: 4.7%~10%)
-	Results of 1 company show that 1 Front loaded+2 additional DMRS performs better than 1 Front loaded+1 additional DMRS.
· Qualcomm (gain: 2.8%)
· Results of 1 company show that 1 Front loaded+1 additional DMRS provides similar performance as 1 Front loaded+2 additional DMRS
· Ericsson.
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				Observations： 
- Ericsson
1) 60kHz ECP performs significantly worse than the other numerologies. 
2) 30kHz SCS with 1+2DMRS or 1+3DMRS would be suitable for the high speed train scenario at 3.5GHz.

- MTK
1) Based on the simulation results, it can be observed that 30Khz NCP is a better choice for HST scenario.

-ZTE
1）30kHz performs better than 60KHz NCP.

- Qualcomm
1) 60 KHz ECP performs worse than both 30 KHz NCP and 60 Khz NCP across all locations. 
2) 30 KHz NCP with 3 DMRS symbol performs better (or approximately equal) than 60 KHz NCP with 2 or 3 DMRS.

- Intel
1) According to current results it seems SCS of 30kHz is the best choice for HST scenario

-Huawei
1) 60k NCP perform best in all evaluated cases.

-Nokia
1) 60K NCP perform best among all the numerologies.

-CMCC
1)30kHz performs better than 60KHz NCP considering the average throughput.

Summary:
Observation 1: for 3.5GHz with 500km/h, 
- Results of 6 companies, e.g Ericsson, ZTE, MTK, Qualcomm and Intel illustrate that 30 kHz NCP performs better than other numerologies.
- Results of 2 companies, e.g Nokia and Huawei illustrate that 60 kHz NCP performs better than other numerologies.
Observation 2: for 3.5GHz with 500km/h, 15KHz numerology performs worst among all the numerologies.
Observation 3: all results shows that peformance of 60KHz ECP is worse than 30KHz and 60KHz NCP for 3.5GHz and 500km/h with current evaluation simulation.
Observation 4: for 3.5GHz with 500km/h deployment, 
- Results of 2 companies show that 1 Front loaded+2 additional  DMRS performs better than for 30KH NCP. 1 Front loaded+3 additional  DMRS for 30KHz NCP.
 Ericsson (gain: 2.5%~3.9%), Qualcomm(gain 4.3%);
- Results of 1 companies show that 1 Front loaded+3 additional  DMRS performs better than for 30KH NCP. 1 Front loaded+2 additional  DMRS for 30KHz NCP.
 Nokia (gain:17.3%~28.6%)






















































500kmh@3.5GHz



				Source		Metric		SNR_A = 6 dB												SNR_A = 9 dB												SNR_A = 12 dB														Data
(For further analysis, please provide your result data here.)

				Ericsson		Numerology
Comparison

																																														1. Weighted average throughput 

																																																SNR_A=6dB																SNR_A=9dB																SNR_A=12dB

																																																15 kHz 1+3DMRS		30 kHz 1+3DMRS		60 kHz 1+1DMRS (NCP)		60 kHz 1+1DMRS(ECP)		30 kHz 1+2DMRS		60 kHz 1+2DMRS (NCP)						15 kHz 1+3DMRS		30 kHz 1+3DMRS		60 kHz 1+1DMRS (NCP)		60 kHz 1+1DMRS(ECP)		30 kHz 1+2DMRS		60 kHz 1+2DMRS (NCP)						15 kHz 1+3DMRS		30 kHz 1+3DMRS		60 kHz 1+1DMRS (NCP)		60 kHz 1+1DMRS(ECP)		30 kHz 1+2DMRS		60 kHz 1+2DMRS (NCP)

																																																7.2		13.6		13.5		11.0		13.9		13.4						7.6		19.5		19.3		16.0		20.2		19.3						8.5		22.1		22.3		19.0		22.9		22.5



																																														2. Performance

																																																SNR_A=6dB		15 kHz 1+3DMRS		30 kHz 1+3DMRS		60 kHz 1+1DMRS (NCP)		60 kHz 1+1DMRS(ECP)		30 kHz 1+2DMRS		60 kHz 1+2DMRS (NCP)				SNR_A=9dB		15 kHz 1+3DMRS		30 kHz 1+3DMRS		60 kHz 1+1DMRS (NCP)		60 kHz 1+1DMRS(ECP)		30 kHz 1+2DMRS		60 kHz 1+2DMRS (NCP)				SNR_A=12dB		15 kHz 1+3DMRS		30 kHz 1+3DMRS		60 kHz 1+1DMRS (NCP)		60 kHz 1+1DMRS(ECP)		30 kHz 1+2DMRS		60 kHz 1+2DMRS (NCP)

																																																A		16.1		24.6		25.1		20.5		25.6		24.1				A		18.2		31.2		32.3		28.1		32.8		32.6				A		18.5		38.9		37.9		32.8		41.0		38.1

																																																B		11.5		19.5		20.0		16.4		20.5		19.5				B		13.1		29.2		30.2		25.1		30.7		29.2				B		12.8		32.8		33.8		31.2		33.8		35.4

																																																C		7.6		16.0		15.3		12.4		15.4		15.9				C		7.7		20.3		21.5		17.4		21.5		20.5				C		8.4		24.6		25.1		20.5		25.6		24.1

																																																D		3.2		9.7		10.1		8.3		10.2		9.6				D		2.1		15.7		15.0		12.3		15.1		15.9				D		4.5		16.4		17.5		14.0		16.9		17.9

																																																E		3.2		8.1		7.7		6.0		8.4		8.0				E		2.3		12.5		11.2		9.1		13.1		12.4				E		3.2		12.3		13.0		10.4		12.8		12.4

																																																F		4.6		4.8		3.5		2.8		4.5		3.7				F		7.7		8.1		4.9		4.0		8.1		5.0				F		8.4		9.8		6.9		5.3		10.2		7.3

																																																weighted average		7.2		13.6		13.5		11.0		13.9		13.4				weighted average		7.6		19.5		19.3		16.0		20.2		19.3				weighted average		8.5		22.1		22.3		19.0		22.9		22.5







						Average Throughput
Comparison







																																														3. Others

																																														3.1		performance gain of 30KHz NCP over 60KHz NCP

																																																SNR_A=6dB		SNR_A=9dB		SNR_A=12dB

																																																0.0333428444		0.045091164		0.0200454194



																																														3.2		DMRS comparision

																																																						SNR_A=6dB		SNR_A=9dB		SNR_A=12dB

																																																30KHz		gain of 1+2 over 1+3:				0.0249027594		0.0351722382		0.0386790432

																																																60KHz		gain of 1+1 over 1+2				0.0086681921		-0.002474546		-0.0











						Observation		1. 60kHz ECP performs significantly worse than the other numerologies. Otherwise performance differences are not very big.
2. 30kHz SCS with 1+2DMRS or 1+3DMRS would be suitable for the high speed train scenario at 3.5GHz.



















				MTK		Numerology
Comparison



																																														1. Weighted average throughput 

																																																SNR_A=6dB

																																																15kHz(1+2DMRS)		30kHz(1+2DMRS)		30kHz(1+3DMRS)		60kHz NCP(1+1DMRS)		60kHz ECP(1+2DMRS)

																																																9.5		13.0		12.4		11.9		9.9



																																														2. Performance Gain

																																																SNR_A=6dB		15kHz(1+2DMRS)		30kHz(1+2DMRS)		30kHz(1+3DMRS)		60kHz NCP(1+1DMRS)		60kHz ECP(1+2DMRS)

																																																A		22.21		21.60		20.83		21.13		16.87

																																																B		17.57		20.27		19.35		18.98		15.78

																																																C		10.75		14.34		13.62		12.89		11.45

																																																D		5.46		9.67		9.46		7.81		7.80

																																																E		2.17		7.34		6.99		7.74		4.98

																																																F		1.07		5.01		4.68		3.33		2.23

																																																weighted average		9.5186		12.985		12.4327		11.9315		9.9099





						Average Throughput
Comparison







																																														3. Others

																																														3.1		performance gain of 30KHz NCP over 60KHz NCP

																																																SNR_A=6dB

																																																0.0882956879



																																														3.2		DMRS comparision

																																																						SNR_A=6dB

																																																30KHz		gain of 1+2 over 1+3:				0.0444231744













						Observation		Based on the simulation results, it can be observed that 30Khz NCP is a better choice for HST scenario.

















				ZTE		Numerology
Comparison

																																														1. Weighted average throughput 

																																																SNR_A=6dB												SNR_A=9dB												SNR_A=12dB

																																																15 kHz		30 kHz		60 kHz (NCP)		60 kHz (ECP)						15 kHz		30 kHz		60 kHz (NCP)		60 kHz (ECP)						15 kHz		30 kHz		60 kHz (NCP)		60 kHz (ECP)

																																																8.3		13.5		12.0		9.7						13.6		18.9		17.8		14.8						18.6		26.1		24.0		20.9



																																														2. Performance

																																																SNR_A=6dB		15 kHz		30 kHz		60 kHz (NCP)		60 kHz (ECP)				SNR_A=9dB		15 kHz		30 kHz		60 kHz (NCP)		60 kHz (ECP)				SNR_A=9dB		15 kHz		30 kHz		60 kHz (NCP)		60 kHz (ECP)

																																																A		14.33		21.6		19.5		15.89				A		19.94		26.95		25.78		22.12				A		24.62		35.27		33.3		30.02

																																																B		12.55		19		18.05		14.55				B		18.88		24.79		24.54		21.18				B		24.27		33.75		32.68		29.11

																																																C		8.56		16.28		11.94		9.95				C		14.38		20.72		18.95		15.46				C		19.1		25.78		24.68		21.53

																																																D		5.72		9.6		9.21		7.37				D		10.73		15.15		14.72		11.87				D		15.52		22.13		20.48		16.97

																																																E		5.04		7.95		7.45		5.88				E		9.85		13.9		12.22		9.89				E		15.07		20.35		17.24		14.65

																																																F		4.92		8		7.33		5.68				F		8.11		12.5		11.84		9.09				F		13.03		21.29		16.63		14.13

																																																weighted average		8.3		13.5		12.0		9.7				weighted average		13.6		18.9		17.8		14.8				weighted average		18.6		26.1		24.0		20.9







						Average Throughput
Comparison







																																														3. Others

																																														3.1		performance gain of 30KHz NCP over 60KHz NCP

																																																SNR_A=6dB		SNR_A=9dB		SNR_A=12dB

																																																0.1259468909		0.0565329449		0.0853429964





















						Observation

















				Qualcomm		Numerology
Comparison

																																														1. Weighted average throughput 

																																																SNR_A=6dB

																																																15 kHz		30 kHz 4-DMRS		30 kHz (NCP) 3-DMRS		60 kHz (NCP) 3-DMRS		60 kHz (NCP) 2-DMRS		60 kHz (ECP)

																																																16.5		23.7		24.7		23.3		22.7		20.1



																																														2. Performance

																																																SNR_A=6dB		15 kHz		30 kHz 4-DMRS		30 kHz (NCP) 3-DMRS		60 kHz (NCP) 3-DMRS		60 kHz (NCP) 2-DMRS		60 kHz (ECP)

																																																A		20.16		30.4134		32.1024		32.2048		30.5664		29.182

																																																B		19.8882		28.032		29.6448		29.9505		30.1538		25.0624

																																																C		17.99		25.1136		26.3424		25.0624		25.6746		21.376

																																																D		15.9067		23.7415		24.197		20.9664		19.6288		18.0992

																																																E		14.009		20.1984		21.0176		18.5088		17.28		16.0512

																																																F		9.084		12.1602		12.1833		11.4876		10.6518		10.1469

																																																weighted average		16.48318		23.67446		24.66893		23.26686		22.66926		20.05065

																																																Note: All MCS entries of the NR 64-QAM MCS Table were evaluated





						Average Throughput
Comparison







																																														3. Others

																																														3.1		performance gain of 30KHz NCP over 60KHz NCP

																																																SNR_A=6dB

																																																0.0600858369



																																														3.2		DMRS comparision

																																																						SNR_A=6dB

																																																30KHz		gain of 1+2 over 1+3:				0.0433184115

																																																60KHz		gain of 1+2 over 1+1				0.0278235814











						Observation		1. 60 KHz ECP performs worse than both 30 KHz NCP and 60 Khz NCP across all locations. 
2. 30 KHz NCP with 3 DMRS symbol performs better (or approximately equal) than 60 KHz NCP with 2 or 3 DMRS.

















				Intel		Numerology
Comparison



																																														1. Weighted average throughput 

																																																SNR_A=6dB

																																																15 kHz		30 kHz		60 kHz (NCP)		60 kHz (ECP)

																																																2.9		6.0		4.4		3.8



																																														2. Performance Gain

																																																SNR_A=6dB		15 kHz		30 kHz		60 kHz (NCP)		60 kHz (ECP)

																																																A		2.28		7.6216		8.7089		7.356

																																																B		2.28		8.5156		2.2551		1.9679

																																																C		1.8468		1.8688		0.4633		0.4763

																																																D		2.0583		2.2005		0.2128		0.1859

																																																E		2.4905		9.0801		9.888		8.352

																																																F		9.1917		9.216		9.888		8.352

																																																weighted average		2.88229		6.01676		4.42353		3.76722





						Average Throughput
Comparison







																																														3. Others

																																														3.1		performance gain of 30KHz NCP over 60KHz NCP

																																																SNR_A=6dB

																																																0.3601716276



																																														3.2		other parameters

																																																N_RB {24,12,6,6}

																																																No HARQ

																																																W1 feedback delay		2ms











						Observation		 According to current results it seems SCS of 30kHz is the best choice for HST scenario

















																    

						Source		Metric		SNR_A = 6 dB												SNR_A = 9 dB												SNR_A = 12 dB

						Nokia		Numerology
Comparison		Please provide the simulation figures here.



																																																1. Weighted average throughput 																		1. Weighted average throughput 																		1. Weighted average throughput 

																																																		SNR_A=6dB																		SNR_A=9dB																		SNR_A=12dB

																																																		15 kHz 1+3DMRS		30 kHz 1+3DMRS		60 kHz 1+1DMRS (NCP)		60 kHz 1+1DMRS(ECP)		30 kHz 1+2DMRS		60 kHz 1+2DMRS (NCP)								15 kHz 1+3DMRS		30 kHz 1+3DMRS		60 kHz 1+1DMRS (NCP)		60 kHz 1+1DMRS(ECP)		30 kHz 1+2DMRS		60 kHz 1+2DMRS (NCP)								15 kHz 1+3DMRS		30 kHz 1+3DMRS		60 kHz 1+1DMRS (NCP)		60 kHz 1+1DMRS(ECP)		30 kHz 1+2DMRS		60 kHz 1+2DMRS (NCP)

																																																		9.1		15.6		18.1		14.9		13.3		16.6								11.3		20.8		24.2		19.5		17.0		22.0								11.6		24.7		28.9		23.9		19.2		27.6



																																																2. Performance																		2. Performance																		2. Performance

																																																		SNR_A=6dB		15 kHz 1+3DMRS		30 kHz 1+3DMRS		60 kHz 1+1DMRS (NCP)		60 kHz 1+1DMRS(ECP)		30 kHz 1+2DMRS		60 kHz 1+2DMRS (NCP)						SNR_A=9dB		15 kHz 1+3DMRS		30 kHz 1+3DMRS		60 kHz 1+1DMRS (NCP)		60 kHz 1+1DMRS(ECP)		30 kHz 1+2DMRS		60 kHz 1+2DMRS (NCP)						SNR_A=12dB		15 kHz 1+3DMRS		30 kHz 1+3DMRS		60 kHz 1+1DMRS (NCP)		60 kHz 1+1DMRS(ECP)		30 kHz 1+2DMRS		60 kHz 1+2DMRS (NCP)

																																																		A		26		29		30		26		28		28						A		30		35		39		32		36		35						A		31		39		44		34		39		38

																																																		B		13		19		22		17		16		19						B		15		24		28		22		21		25						B		15		30		35		28		26		31

																																																		C		8		15		19		16		15		19						C		10		23		28		22		16		25						C		10		25		30		27		16		31

																																																		D		7		14		17		14		11		15						D		8		19		22		17		15		20						D		8		23		28		23		14		27

																																																		E		3		12		13		11		8		12						E		7		14		17		14		11		15						E		8		19		22		18		15		23

																																																		F		3		7		9		7		5		8						F		3		13		14		12		8		13						F		3		14		17		14		11		15

																																																				9.1		15.6		18.13		14.9		13.3		16.63								11.3		20.8		24.17		19.5		17		21.96								11.6		24.7		28.9		23.88		19.2		27.59





								Average Throughput
Comparison









																																																3. Others

																																																3.1		performance gain of 60KHz NCP over 30KHz NCP

																																																		SNR_A=6dB		SNR_A=9dB		SNR_A=12dB

																																																		0.1621794872		0.1620192308		0.1700404858



																																																3.2		DMRS comparision

																																																								SNR_A=6dB		SNR_A=9dB		SNR_A=12dB

																																																		30KHz		gain of 1+3 over 1+2:				0.1729323308		0.2235294118		0.2864583333

																																																		60KHz		gain of 1+1 over 1+2				0.0901984366		0.1006375228		0.0474809714









								Observation

















						Huawei		Numerology
Comparison																																								1. Weighted average throughput 



																																																		SNR_A=6dB												SNR_A=9dB												SNR_A=12dB

																																																		15 kHz		30 kHz		60 kHz (NCP)		60 kHz (ECP)						15 kHz		30 kHz		60 kHz (NCP)		60 kHz (ECP)						15 kHz		30 kHz		60 kHz (NCP)		60 kHz (ECP)

																																																		10.0		10.7		13.0		10.4						14.0		14.2		16.9		13.1						15.9		17.3		18.2		15.2

																																																2. Performance



																																																		SNR_A=6dB		15 kHz		30 kHz		60 kHz (NCP)		60 kHz (ECP)				SNR_A=9dB		15 kHz		30 kHz		60 kHz (NCP)		60 kHz (ECP)				SNR_A=12dB		15 kHz		30 kHz		60 kHz (NCP)		60 kHz (ECP)

																																																		A		15.05		15.05		18.875		15.045				A		18.9		20.9		23.7		18.9				A		22.7		25.6		27.7		22.7

																																																		B		14.99875		15.02		18.84875		15.05				B		18.9		18.9		23.7		18.9				B		22.5		22.7		23.7		22.6

																																																		C		11.2125		11.205		14.1		11.2125				C		15		14.8		17.45		14.9				C		18.9		17.85		18.9		16.8

																																																		D		7.375		9.105		9.8825		7.92375				D		11.1		11.2		13.04		11.1				D		9.9		13.2		14.1		11

																																																		E		5.97		7.37		8.905		7.07875				E		10		10.1		12.1		7.4				E		11		13.1		13.7		9.3

																																																		F		5.88		6.95		7.55		6.61				F		10.8		11.08		12.6		7.9				F		11.6		13.3		13.9		9.9

																																																		weighted average		10.00425		10.74		12.98975		10.4185				weighted average		13.97		14.198		16.888		13.14				weighted average		15.89		17.26		18.24		15.2







								Average Throughput
Comparison





																																																3. Others

																																																3.1		performance gain of 60KHz NCP over 30KHz NCP

																																																		SNR_A=6dB		SNR_A=9dB		SNR_A=12dB

																																																		0.2094739292		0.1894633047		0.056778679























								observation		60k NCP perform best in all evaluated cases

















		0		Source		Metric		SNR_A = 6 dB												SNR_A = 9 dB												SNR_A = 12 dB														Data
(For further analysis, please provide your result data here.)

				CMCC		Numerology
Comparison		Please provide the simulation figures here.



																																														1. Weighted average throughput 												0

																																																SNR_A=6dB

																																																15 kHz		30 kHz		60 kHz (NCP)		60 kHz (ECP)

																																																17.8138148971		23.6690939954		22.15221248		17.6150101333



																																														2. Performance

																																																SNR_A=6dB		15 kHz		30 kHz		60 kHz (NCP)		60 kHz (ECP)

																																																A		38.587392		58.445456		54.9429248		45.3454506667

																																																B		22.5100388571		26.3506217143		18.5088		16.7943253333

																																																C		15.3245714286		21.653376		18.5088		13.888

																																																D		15.3943446667		15.213504		18.5088		13.888

																																																E		15.0083282		18.4836692625		18.5088		13.888

																																																F		3.0761906667		14.843142		18.5088		13.888

																																																weighted average		17.8138148971		23.6690939954		22.15221248		17.6150101333





						Average Throughput
Comparison









																																														3. Others

																																														3. Others

																																														3.1		performance gain of 60KHz NCP over 30KHz NCP

																																																SNR_A=6dB

																																																0.0684753957

















						observation		It seems SCS of 30kHz performs a gain about 6.8% than 60KHz NCP.



















SNR_A=6dB

15 kHz	A	B	C	D	E	F	22.210999999999999	17.57	10.752000000000001	5.46	2.17	1.071	30 kHz	A	B	C	D	E	F	21.602	20.265000000000001	14.343	9.6669999999999998	7.343	5.0119999999999996	60 kHz (NCP)	A	B	C	D	E	F	21.132999999999999	18.984000000000002	12.894	7.8120000000000003	7.7350000000000003	3.3319999999999999	60 kHz (ECP)	A	B	C	D	E	F	16.87	15.778	11.445	7.798	4.9770000000000003	2.2330000000000001	







SNR_A = 6dB

15 kHz	16.483180000000001	30 kHz 4-DMRS	23.67446	30 kHz (NCP) 3-DMRS	24.7	60 kHz (NCP) 3-DMRS	23.3	60 kHz (NCP) 2-DMRS	22.669260000000001	60 kHz (ECP)	20.050650000000001	SNR_A = 6 dB

15 kHz	2.8822900000000002	30 kHz	6.0167599999999997	60 kHz (NCP)	4.4235300000000004	60 kHz (ECP)	3.7672200000000005	SNR_A = 6 dB

15 kHz 1+3DMRS	7.1749889999999992	30 kHz 1+3DMRS	13.583313999999998	60 kHz 1+1DMRS (NCP)	13.472368899999998	60 kHz 1+1DMRS(ECP)	10.9552703	30 kHz 1+2DMRS	13.921575999999998	60 kHz 1+2DMRS (NCP)	13.356591399999996	SNR_A = 9 dB 

15 kHz 1+3DMRS	7.6122253999999998	30 kHz 1+3DMRS	19.482524700000003	60 kHz 1+1DMRS (NCP)	19.297616699999999	60 kHz 1+1DMRS(ECP)	16.003098999999999	30 kHz 1+2DMRS	20.167768700000003	60 kHz 1+2DMRS (NCP)	19.345488000000003	SNR_A = 12 dB

15 kHz 1+3DMRS	8.4851600000000005	30 kHz 1+3DMRS	22.087231999999993	60 kHz 1+1DMRS (NCP)	22.344796699999996	60 kHz 1+1DMRS(ECP)	19.023708000000003	30 kHz 1+2DMRS	22.941545000000001	60 kHz 1+2DMRS (NCP)	22.490709300000002	SNR_A =9dB

15 kHz	A	B	C	D	E	F	18.899999999999999	18.899999999999999	15	11.1	10	10.8	30 kHz	A	B	C	D	E	F	20.9	18.899999999999999	14.8	11.2	10.1	11.08	60 kHz (NCP)	A	B	C	D	E	F	23.7	23.7	17.45	13.04	12.1	12.6	60 kHz (ECP)	A	B	C	D	E	F	18.899999999999999	18.899999999999999	14.9	11.1	7.4	7.9	







SNR_A=12dB

15 kHz	A	B	C	D	E	F	22.7	22.5	18.899999999999999	9.9	11	11.6	30 kHz	A	B	C	D	E	F	25.6	22.7	17.850000000000001	13.2	13.1	13.3	60 kHz (NCP)	A	B	C	D	E	F	27.7	23.7	18.899999999999999	14.1	13.7	13.9	60 kHz (ECP)	A	B	C	D	E	F	22.7	22.6	16.8	11	9.3000000000000007	9.9	







SNR_A =6dB

15 kHz	A	B	C	D	E	F	15.05	14.998749999999999	11.2125	7.375	5.97	5.88	30 kHz	A	B	C	D	E	F	15.05	15.02	11.205	9.1050000000000004	7.37	6.95	60 kHz (NCP)	A	B	C	D	E	F	18.875	18.848749999999999	14.1	9.8825000000000003	8.9049999999999994	7.55	60 kHz (ECP)	A	B	C	D	E	F	15.045	15.05	11.2125	7.9237500000000001	7.0787500000000003	6.61	







SNR_A = 6 dB

15 kHz 1+3DMRS	9.1	30 kHz 1+3DMRS	15.6	60 kHz 1+1DMRS (NCP)	18.13	60 kHz 1+1DMRS(ECP)	14.9	30 kHz 1+2DMRS	13.3	60 kHz 1+2DMRS (NCP)	16.630000000000003	SNR_A = 6 dB

15 kHz	10.004249999999999	30 kHz	10.739999999999998	60 kHz (NCP)	12.989749999999997	60 kHz (ECP)	10.4185	SNR_A=6dB

15 kHz	A	B	C	D	E	F	14.33	12.55	8.56	5.72	5.04	4.92	30 kHz	A	B	C	D	E	F	21.6	19	16.28	9.6	7.95	8	60 kHz (NCP)	A	B	C	D	E	F	19.5	18.05	11.94	9.2100000000000009	7.45	7.33	60 kHz (ECP)	A	B	C	D	E	F	15.89	14.55	9.9499999999999993	7.37	5.88	5.68	







SNR = 9 dB

15 kHz	13.969999999999999	30 kHz	14.197999999999999	60 kHz (NCP)	16.887999999999998	60 kHz (ECP)	13.14	SNR_A = 12 dB

15 kHz	15.889999999999997	30 kHz	17.259999999999998	60 kHz (NCP)	18.239999999999998	60 kHz (ECP)	15.2	SNR_A=9dB

15 kHz	13.6



13.57	30 kHz	18.9



18.850000000000001	60 kHz (NCP)	17.8



17.850000000000001	60 kHz (ECP)	

14.8	







SNR_A=12dB

15 kHz	18.6



18.559999999999999	30 kHz	26.1



26.06	60 kHz (NCP)	24.6



24.61	60 kHz (ECP)	20.9



20.87	







SNR_A=9dB

15 kHz	A	B	C	D	E	F	19.940000000000001	18.88	14.38	10.73	9.85	8.11	30 kHz	A	B	C	D	E	F	26.95	24.79	20.72	15.15	13.9	12.5	60 kHz (NCP)	A	B	C	D	E	F	25.78	24.54	18.95	14.72	12.22	11.84	60 kHz (ECP)	A	B	C	D	E	F	22.12	21.18	15.46	11.87	9.89	9.09	







SNR_A=12dB

15 kHz	A	B	C	D	E	F	24.62	24.27	19.100000000000001	15.52	15.07	13.03	30 kHz	A	B	C	D	E	F	35.270000000000003	33.75	25.78	22.13	20.350000000000001	21.29	60 kHz (NCP)	A	B	C	D	E	F	33.299999999999997	32.68	24.68	20.48	17.239999999999998	16.63	60 kHz (ECP)	A	B	C	D	E	F	30.02	29.11	21.53	16.97	14.65	14.13	







SNR_A = 9 dB

15 kHz 1+3DMRS	11.3	30 kHz 1+3DMRS	20.8	60 kHz 1+1DMRS (NCP)	24.169999999999998	60 kHz 1+1DMRS(ECP)	19.5	30 kHz 1+2DMRS	17	60 kHz 1+2DMRS (NCP)	21.96	SNR_A = 12 dB

15 kHz 1+3DMRS	11.6	30 kHz 1+3DMRS	24.7	60 kHz 1+1DMRS (NCP)	28.9	60 kHz 1+1DMRS(ECP)	23.880000000000003	30 kHz 1+2DMRS	19.2	60 kHz 1+2DMRS (NCP)	27.589999999999996	SNR_A=6dB



15 kHz	A	B	C	D	E	F	38.587391999999994	22.510038857142899	15.324571428571399	15.394344666666667	15.008328199999999	3.0761906666666667	30 kHz	A	B	C	D	E	F	58.445456	26.350621714285701	21.653376000000002	15.213504	18.483669262500001	14.843141999999999	60 kHz (NCP)	A	B	C	D	E	F	54.942924799999901	18.508800000000001	18.508800000000001	18.508800000000001	18.508800000000001	18.508800000000001	60 kHz (ECP)	A	B	C	D	E	F	45.345450666666601	16.794325333333301	13.888	13.888	13.888	13.888	







SNR_A=6dB



15 kHz	

17.813814897142862	30 kHz	

23.669093995357141	60 kHz (NCP)	

22.152212479999992	60 kHz (ECP)	

17.615010133333321	







SNR_A=6dB

15 kHz 1+3DMRS	A	B	C	D	E	F	16.100480000000001	11.516529999999999	7.5519999999999996	3.24	3.24	4.5523499999999997	30 kHz 1+3DMRS	A	B	C	D	E	F	24.586880000000001	19.472000000000001	15.97099	9.7279999999999998	8.0640000000000001	4.7762799999999999	60 kHz 1+1DMRS (NCP)	A	B	C	D	E	F	25.088000000000001	19.968	15.295999999999999	10.144	7.6694230000000001	3.4808430000000001	60 kHz 1+1DMRS(ECP)	A	B	C	D	E	F	20.48	16.384	12.416	8.3224199999999993	6.0139199999999997	2.8000229999999999	30 kHz 1+2DMRS	25.610659999999999	20.495999999999999	15.36	10.24	8.4480000000000004	4.5171000000000001	60 kHz 1+2DMRS (NCP)	24.064	19.456	15.857519999999999	9.6319999999999997	7.978777	3.6533199999999999	







SNR_A=9dB



15 kHz	A	B	C	D	E	F	30 kHz	A	B	C	D	E	F	60 kHz (NCP)	A	B	C	D	E	F	60 kHz (ECP)	A	B	C	D	E	F	







SNR_A=12dB



15 kHz	A	B	C	D	E	F	30 kHz	A	B	C	D	E	F	60 kHz (NCP)	A	B	C	D	E	F	60 kHz (ECP)	A	B	C	D	E	F	







SNR_A=9dB



15 kHz	

30 kHz	

60 kHz (NCP)	

60 kHz (ECP)	









SNR_A=12dB



15 kHz	

30 kHz	

60 kHz (NCP)	

60 kHz (ECP)	









SNR_A=6dB

15kHz(1+2DMRS)	A	B	C	D	E	F	22.210999999999999	17.57	10.751999999999999	5.46	2.17	1.071	30kHz(1+2DMRS)	A	B	C	D	E	F	21.601999999999997	20.264999999999997	14.342999999999998	9.6669999999999998	7.343	5.0119999999999996	30kHz(1+3DMRS)	A	B	C	D	E	F	20.824999999999999	19.347999999999999	13.622	9.456999999999999	6.9859999999999998	4.6759999999999993	60kHz NCP(1+1DMRS)	A	B	C	D	E	F	21.132999999999999	18.983999999999998	12.894	7.8119999999999994	7.7350000000000003	3.3319999999999999	60kHz ECP(1+2DMRS)	A	B	C	D	E	F	16.87	15.777999999999999	11.445	7.798	4.9770000000000003	2.2329999999999997	







SNR_A = 6 dB

15kHz(1+2DMRS)	9.5186000000000011	30kHz(1+2DMRS)	12.984999999999999	30kHz(1+3DMRS)	12.432700000000001	60kHz NCP(1+1DMRS)	11.9315	60kHz ECP(1+2DMRS)	9.9099000000000004	SNR_A=9dB

15 kHz 1+3DMRS	A	B	C	D	E	F	30	15	10	8	7	3	30 kHz 1+3DMRS	A	B	C	D	E	F	35	24	23	19	14	13	60 kHz 1+1DMRS (NCP)	A	B	C	D	E	F	39.1	27.7	27.5	22	16.899999999999999	14.4	60 kHz 1+1DMRS(ECP)	A	B	C	D	E	F	32.200000000000003	22	22	17.399999999999999	14	12	30 kHz 1+2DMRS	A	B	C	D	E	F	36	21	16	15	11	8	60 kHz 1+2DMRS (NCP)	A	B	C	D	E	F	35	25.1	25.1	20	15.4	13.4	







SNR_A=12dB

15 kHz 1+3DMRS	A	B	C	D	E	F	31	15	10	8	8	3	30 kHz 1+3DMRS	A	B	C	D	E	F	39	30	25	23	19	14	60 kHz 1+1DMRS (NCP)	A	B	C	D	E	F	43.9	34.700000000000003	29.7	27.7	22	16.899999999999999	60 kHz 1+1DMRS(ECP)	A	B	C	D	E	F	34.4	27.7	27.1	22.6	17.8	14	30 kHz 1+2DMRS	A	B	C	D	E	F	39	26	16	14	15	11	60 kHz 1+2DMRS (NCP)	A	B	C	D	E	F	37.5	31.3	31.1	26.6	22.5	15.4	







SNR_A = 6 dB

15 kHz 1+3DMRS	9.1	30 kHz 1+3DMRS	15.6	60 kHz 1+1DMRS (NCP)	18.13	60 kHz 1+1DMRS(ECP)	14.9	30 kHz 1+2DMRS	13.3	60 kHz 1+2DMRS (NCP)	16.630000000000003	SNR_A = 9 dB

15 kHz 1+3DMRS	11.3	30 kHz 1+3DMRS	20.8	60 kHz 1+1DMRS (NCP)	24.169999999999998	60 kHz 1+1DMRS(ECP)	19.5	30 kHz 1+2DMRS	17	60 kHz 1+2DMRS (NCP)	21.96	SNR_A=9dB

15 kHz 1+3DMRS	A	B	C	D	E	F	18.2332	13.064	7.68	2.1071270000000002	2.2534000000000001	7.68	30 kHz 1+3DMRS	A	B	C	D	E	F	31.248000000000001	29.2	20.265419999999999	15.73152	12.53355	8.1162670000000006	60 kHz 1+1DMRS (NCP)	A	B	C	D	E	F	32.256	30.207999999999998	21.504000000000001	15.007999999999999	11.167999999999999	4.9441670000000002	60 kHz 1+1DMRS(ECP)	A	B	C	D	E	F	28.1248	25.088000000000001	17.400749999999999	12.324170000000001	9.1199999999999992	4.0403500000000001	30 kHz 1+2DMRS	A	B	C	D	E	F	32.783999999999999	30.736000000000001	21.50207	15.103999999999999	13.050560000000001	8.1084270000000007	60 kHz 1+2DMRS (NCP)	A	B	C	D	E	F	32.607570000000003	29.184000000000001	20.48	15.872	12.38496	5.0053900000000002	







SNR_A = 12 dB

15 kHz 1+3DMRS	11.6	30 kHz 1+3DMRS	24.7	60 kHz 1+1DMRS (NCP)	28.9	60 kHz 1+1DMRS(ECP)	23.880000000000003	30 kHz 1+2DMRS	19.2	60 kHz 1+2DMRS (NCP)	27.589999999999996	SNR_A=6dB

15 kHz 1+3DMRS	A	B	C	D	E	F	26	13	8	7	3	3	30 kHz 1+3DMRS	A	B	C	D	E	F	29	19	15	14	12	7	60 kHz 1+1DMRS (NCP)	A	B	C	D	E	F	30.3	21.9	19.2	16.8	13.3	8.6	60 kHz 1+1DMRS(ECP)	A	B	C	D	E	F	25.7	17.3	16.399999999999999	13.8	10.7	6.9	30 kHz 1+2DMRS	A	B	C	D	E	F	28	16	15	11	8	5	60 kHz 1+2DMRS (NCP)	A	B	C	D	E	F	27.8	19.399999999999999	18.600000000000001	15.4	12	7.7	







SNR_A=12dB

15 kHz 1+3DMRS	A	B	C	D	E	F	18.470199999999998	12.808	8.4489529999999995	4.4763169999999999	3.24	8.4348600000000005	30 kHz 1+3DMRS	A	B	C	D	E	F	38.927999999999997	32.783999999999999	24.591999999999999	16.384	12.288	9.8483199999999993	60 kHz 1+1DMRS (NCP)	A	B	C	D	E	F	37.916049999999998	33.816949999999999	25.088000000000001	17.460049999999999	12.96	6.8819169999999996	60 kHz 1+1DMRS(ECP)	A	B	C	D	E	F	32.768000000000001	31.231999999999999	20.48	13.98254	10.4	5.28	30 kHz 1+2DMRS	A	B	C	D	E	F	40.983460000000001	33.792000000000002	25.605329999999999	16.911999999999999	12.8	10.213329999999999	60 kHz 1+2DMRS (NCP)	A	B	C	D	E	F	38.092100000000002	35.363810000000001	24.064	17.916270000000001	12.416	7.2948329999999997	







SNR=6 



15 kHz	20.16	19.888200000000001	17.989999999999998	15.906700000000001	14.009	9.0839999999999996	30 kHz 4-DMRS	30.413399999999999	28.032	25.113600000000002	23.741499999999998	20.198399999999999	12.1602	30 kHz (NCP) 3-DMRS	32.102400000000003	29.6448	26.342400000000001	24.196999999999999	21.017600000000002	12.183299999999999	60 kHz (NCP) 3-DMRS	32.204799999999999	29.950500000000002	25.0624	20.9664	18.508800000000001	11.4876	60 kHz (NCP) 2-DMRS	30.566400000000002	30.1538	25.674600000000002	19.628799999999998	17.28	10.6518	60 kHz (ECP)	29.181999999999999	25.0624	21.376000000000001	18.0992	16.051200000000001	10.1469	







SNR_A=6dB

15 kHz	A	B	C	D	E	F	2.2799999999999998	2.2799999999999998	1.8468	2.0583	2.4904999999999999	9.1917000000000009	30 kHz	A	B	C	D	E	F	7.6215999999999999	8.5155999999999992	1.8688	2.2004999999999999	9.0800999999999998	9.2159999999999993	60 kHz (NCP)	A	B	C	D	E	F	8.7088999999999999	2.2551000000000001	0.46329999999999999	0.21279999999999999	9.8879999999999999	9.8879999999999999	60 kHz (ECP)	A	B	C	D	E	F	7.3559999999999999	1.9679	0.4763	0.18590000000000001	8.3520000000000003	8.3520000000000003	







SNR_A = 6 dB

15 kHz	8.2990000000000013	30 kHz	13.526000000000002	60 kHz (NCP)	12.013	60 kHz (ECP)	9.706999999999999	SNR_A = 6 dB

15kHz(1+2DMRS)	9.5186000000000011	30kHz(1+2DMRS)	12.984999999999999	30kHz(1+3DMRS)	12.432700000000001	60kHz NCP(1+1DMRS)	11.9315	

350kmh@2GHz

				Source		Metric		SNR_A = 6 dB												SNR_A = 9 dB												SNR_A = 12 dB														Data
(For further analysis, please provide your result data here.)

				Ericsson		Numerology
Comparison

																																														1. Average throughput 

																																																SNR_A=6dB																SNR_A=9dB																SNR_A=12dB

																																																15 kHz 1+3DMRS		30 kHz 1+3DMRS		60 kHz 1+1DMRS (NCP)		60 kHz 1+1DMRS(ECP)		30 kHz 1+2DMRS		60 kHz 1+2DMRS (NCP)						15 kHz 1+3DMRS		30 kHz 1+3DMRS		60 kHz 1+1DMRS (NCP)		60 kHz 1+1DMRS(ECP)		30 kHz 1+2DMRS		60 kHz 1+2DMRS (NCP)						15 kHz 1+3DMRS		30 kHz 1+3DMRS		60 kHz 1+1DMRS (NCP)		60 kHz 1+1DMRS(ECP)		30 kHz 1+2DMRS		60 kHz 1+2DMRS (NCP)

																																																15.3		15.9		14.9		12.2		16.5		14.7						20.6		21.1		21.2		17.6		22.0		20.7						25.4		26.0		25.5		21.5		26.7		24.5



																																														2. Performance

																																																SNR_A=6dB		15 kHz 1+3DMRS		30 kHz 1+3DMRS		60 kHz 1+1DMRS (NCP)		60 kHz 1+1DMRS(ECP)		30 kHz 1+2DMRS		60 kHz 1+2DMRS (NCP)				SNR_A=9dB		15 kHz 1+3DMRS		30 kHz 1+3DMRS		60 kHz 1+1DMRS (NCP)		60 kHz 1+1DMRS(ECP)		30 kHz 1+2DMRS		60 kHz 1+2DMRS (NCP)				SNR_A=12dB		15 kHz 1+3DMRS		30 kHz 1+3DMRS		60 kHz 1+1DMRS (NCP)		60 kHz 1+1DMRS(ECP)		30 kHz 1+2DMRS		60 kHz 1+2DMRS (NCP)

																																																A		27.3		28.0		27.4		22.5		28.2		26.6				A		34.6		33.8		32.3		28.2		34.8		32.8				A		43.0		42.0		40.7		34.8		44.1		38.9

																																																B		21.5		24.5		21.4		17.4		25.4		22.4				B		30.7		31.2		32.3		26.6		32.8		31.2				B		37.9		38.9		37.9		32.8		41.0		35.9

																																																C		16.4		16.9		16.4		13.5		17.8		16.0				C		21.5		23.6		23.8		19.8		24.6		23.0				C		28.1		31.8		30.2		24.6		30.7		29.2

																																																D		11.5		12.3		11.4		9.6		12.8		10.9				D		16.6		17.8		16.9		14.0		18.7		16.6				D		18.9		18.4		18.9		15.4		19.5		17.9

																																																E		9.9		9.7		8.9		7.4		9.8		8.6				E		13.1		12.5		13.0		10.6		13.1		12.4				E		16.4		15.9		15.4		13.4		16.2		15.5

																																																F		7.5		4.4		4.9		4.1		4.8		5.0				F		7.7		6.4		7.7		6.2		6.5		7.4				F		8.9		7.6		9.7		8.1		7.8		9.4

																																																		15.3		15.9		14.9		12.2		16.5		14.7						20.6		21.1		21.2		17.6		22.0		20.7						25.4		26.0		25.5		21.5		26.7		24.5







						Average Throughput
Comparison







																																														3. Others



























						Summary

















				Company 2		Numerology
Comparison

																																														1. Average throughput 



																																																15 kHz		30 kHz		60 kHz (NCP)		60 kHz (ECP)





																																														2. Performance Gain



																																																		15 kHz		30 kHz		60 kHz (NCP)		60 kHz (ECP)

																																																SNR_A



																																																SNR_B



																																																SNR_C



																																																SNR_D



																																																SNR_E

						Average Throughput
Comparison

																																																SNR_F





																																														3. Others



























						Summary



















SNR_A=6dB

15 kHz 1+3DMRS	A	B	C	D	E	F	27.25254	21.495039999999999	16.391999999999999	11.528	9.9192099999999996	7.5488530000000003	30 kHz 1+3DMRS	A	B	C	D	E	F	27.952919999999999	24.52027	16.911999999999999	12.288	9.7036800000000003	4.4181330000000001	60 kHz 1+1DMRS (NCP)	A	B	C	D	E	F	27.429120000000001	21.432320000000001	16.382290000000001	11.41567	8.8501499999999993	4.9126500000000002	60 kHz 1+1DMRS(ECP)	A	B	C	D	E	F	22.516269999999999	17.408000000000001	13.469189999999999	9.5878530000000008	7.4319230000000003	4.0915929999999996	30 kHz 1+2DMRS	28.175999999999998	25.370509999999999	17.79027	12.8	9.8239999999999998	4.7594669999999999	60 kHz 1+2DMRS (NCP)	26.618449999999999	22.351949999999999	16.001919999999998	10.912000000000001	8.6080000000000005	5.0490729999999999	







SNR_A=9dB

15 kHz 1+3DMRS	A	B	C	D	E	F	34.627409999999998	30.728000000000002	21.504000000000001	16.64256	13.064	7.68	30 kHz 1+3DMRS	A	B	C	D	E	F	33.792000000000002	31.248000000000001	23.568000000000001	17.846319999999999	12.544	6.4075199999999999	60 kHz 1+1DMRS (NCP)	A	B	C	D	E	F	32.256	32.25264	23.8384	16.896000000000001	12.95595	7.7385000000000002	60 kHz 1+1DMRS(ECP)	A	B	C	D	E	F	28.16	26.623999999999999	19.812000000000001	13.959239999999999	10.643789999999999	6.2377469999999997	30 kHz 1+2DMRS	A	B	C	D	E	F	34.833480000000002	32.783999999999999	24.591999999999999	18.719049999999999	13.055999999999999	6.4556800000000001	60 kHz 1+2DMRS (NCP)	A	B	C	D	E	F	32.764589999999998	31.231999999999999	23.0352	16.611470000000001	12.416	7.4352400000000003	







SNR_A=12dB

15 kHz 1+3DMRS	A	B	C	D	E	F	43.014069999999997	37.896000000000001	28.13279	18.865200000000002	16.391999999999999	8.8986800000000006	30 kHz 1+3DMRS	A	B	C	D	E	F	42	38.919890000000002	31.76	18.448	15.872	7.6456	60 kHz 1+1DMRS (NCP)	A	B	C	D	E	F	40.722990000000003	37.912100000000002	30.207999999999998	18.942029999999999	15.370240000000001	9.7127470000000002	60 kHz 1+1DMRS(ECP)	A	B	C	D	E	F	34.840739999999997	32.76117	24.576000000000001	15.36	13.389200000000001	8.1102100000000004	30 kHz 1+2DMRS	A	B	C	D	E	F	44.064	40.991999999999997	30.736000000000001	19.472000000000001	16.231999999999999	7.8144	60 kHz 1+2DMRS (NCP)	A	B	C	D	E	F	38.93994	35.872	29.184000000000001	17.920000000000002	15.531409999999999	9.37744	







SNR_A = 6 dB

15 kHz 1+3DMRS	15.346989300000001	30 kHz 1+3DMRS	15.921895299999999	60 kHz 1+1DMRS (NCP)	14.850263000000002	60 kHz 1+1DMRS(ECP)	12.2401795	30 kHz 1+2DMRS	16.450502699999998	60 kHz 1+2DMRS (NCP)	14.741526299999999	SNR_A = 9 dB

15 kHz 1+3DMRS	20.618453000000002	30 kHz 1+3DMRS	21.061215999999998	60 kHz 1+1DMRS (NCP)	21.188048000000002	60 kHz 1+1DMRS(ECP)	17.647580699999999	30 kHz 1+2DMRS	21.959125999999998	60 kHz 1+2DMRS (NCP)	20.678916999999998	SNR_A = 12 dB

15 kHz 1+3DMRS	25.448473	30 kHz 1+3DMRS	25.964537999999997	60 kHz 1+1DMRS (NCP)	25.530047700000001	60 kHz 1+1DMRS(ECP)	21.512369	30 kHz 1+2DMRS	26.674239999999998	60 kHz 1+2DMRS (NCP)	24.53322	
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for:


 


Discussion


 


and


 


Decision


 


1.


 


Introduction


 


As


 


stated


 


in


 


our


 


RAN


 


#79


 


contribution


 


[1]


,


 


for


 


high


 


speed


 


scenario,


 


the


 


enhancements


 


of


 


NR


 


in


 


contrast


 


to


 


LTE


 


include


 


scalable


 


subcarrier


 


spacing


 


(SCS)


 


and


 


additional


 


DMRS


 


configuration.


 


Considering


 


the


 


resistance


 


of


 


the


 


ICI


 


caused


 


b


y


 


high


 


mobility,


 


different


 


SCSs


 


provide


 


different


 


performance.


 


For


 


normal


 


CP


 


configuration,


 


larger


 


SCS


 


indicates


 


shorter


 


CP


 


durations


,


 


which


 


is


 


more


 


sensitive


 


to


 


large


 


delay


 


spread.


 


Therefore,


 


in


 


order


 


for


 


NR


 


to


 


provide


 


better


 


UE


 


experience


 


than


 


LTE,


 


the


 


n


umerology


 


(combination)


 


should


 


be


 


carefully


 


examined.


 


Link


 


level


 


simulations


 


to


 


compare


 


the


 


high


 


speed


 


performance


 


of


 


different


 


numerologies


 


are


 


conducted


 


among


 


several


 


companies


,


 


the


 


evaluation


 


results


 


are


 


shown


 


in


 


this


 


contribution.


 


And


 


observation


 


are


 


m


ade


 


here


.


 


The


 


numerologies


 


considered


 


here


 


are,


 


15KHz


 


NCP,


 


30KHz


 


NCP,


 


60KHz


 


NCP


 


and


 


60


 


KHz


 


ECP.


 


2.


 


Evaluation


 


Methodology


 


A


 


SFN


 


deployment


 


is


 


adopted,


 


as


 


shown


 


in


 


Figure


 


1


,


 


where


 


an


 


infinite


 


number


 


of


 


RRHs


 


are


 


equidistantly


 


distributed


 


along


 


the


 


track,


 


and


 


the


 


UE


 


connects


 


to


 


the


 


4


 


nearest


 


RRHs


 


that


 


share


 


the


 


same


 


cell


 


ID.


 


 


 


Figure


 


1.


 


Deployment


 


of


 


HST


-


SFN


 


UE


 


moves


 


along


 


the


 


railway


 


track,


 


and


 


experiences


 


different


 


Doppler


 


shifts


 


and


 


path


 


delays


 


at


 


different


 


locations.


 


To


 


check


 


UE’s


 


performance,


 


 


l


 


A


 


number


 


of


 


UE


 


locations


 


along


 


the


 


track


 


are


 


chosen,


 


and


 


link


 


level


 


simulation


 


(LLS)


 


is


 


performed


 


for


 


each


 


location


 


to


 


evaluate


 


the


 


throughput


 


performance


 


for


 


each


 


numerology.


 


 


l


 


Then


 


throughput


 


average


 


of


 


all


 


the


 


locations


 


can


 


be


 


the


 


performance


 


of


 


this


 


numerology.


 


l


 


Performance


 


of


 


different


 


numerologies


 


are


 


compared.


 


 


To


 


simplify


 


the


 


evaluation,


 


no


 


handover


 


is


 


considered.


 


Therefore,


 


only


 


the


 


region


 


that


 


between


 


any


 


two


 


adjacent


 


RRHs


 


needs


 


to


 


be


 


examined


.


 


A


 


number


 


of


 


UE


 


locations


 


within


 


this


 


region


 


are


 


chosen


.


 


To


 


initi


al


ize


 


the


 


LLS,


 


some


 


basic


 


assumptions


 


and


 


parameters


 


are


 


provided


 


as


 


follows:


 


o


 


Number


 


of


 


UE


 


locations


 


to


 


be


 


evaluated


 


 


Denote


 


the


 


inter


-


RRH


 


distance


 


as


s


D


,


 


and


 


the


 


distance


 


step


 


between


 


two


 


evaluated


 


UE


 


locations


 


as


step


D


,


 


there


 


are


 


loc


N


 


UE


 


locations


 


between


 


the


 


two


 


adjacent


 


RRHs,


 


where


 


s


loc


step


D


N


D


=


,


 


supposing


 


that


step


D




3GPP   TSG   RAN   Meeting   #81               RP - 18198 5   Gold   Coast,   Australia,   September   10   -   13,   2018     Source:   CMCC ,   Ericsson,   MTK,   ZTE,   Qualcomm,   Intel,   Nokia,   Huawei   Title:   Collection   of   evaluation   results   for   high   speed   train   performance   with   R15   numerologies   Agenda   Item:   9.8     Document   for:   Discussion   and   Decision   1.   Introduction   As   stated   in   our   RAN   #79   contribution   [1] ,   for   high   speed   scenario,   the   enhancements   of   NR   in   contrast   to   LTE   include   scalable   subcarrier   spacing   (SCS)   and   additional   DMRS   configuration.   Considering   the   resistance   of   the   ICI   caused   b y   high   mobility,   different   SCSs   provide   different   performance.   For   normal   CP   configuration,   larger   SCS   indicates   shorter   CP   durations ,   which   is   more   sensitive   to   large   delay   spread.   Therefore,   in   order   for   NR   to   provide   better   UE   experience   than   LTE,   the   n umerology   (combination)   should   be   carefully   examined.   Link   level   simulations   to   compare   the   high   speed   performance   of   different   numerologies   are   conducted   among   several   companies ,   the   evaluation   results   are   shown   in   this   contribution.   And   observation   are   m ade   here .   The   numerologies   considered   here   are,   15KHz   NCP,   30KHz   NCP,   60KHz   NCP   and   60   KHz   ECP.   2.   Evaluation   Methodology   A   SFN   deployment   is   adopted,   as   shown   in   Figure   1 ,   where   an   infinite   number   of   RRHs   are   equidistantly   distributed   along   the   track,   and   the   UE   connects   to   the   4   nearest   RRHs   that   share   the   same   cell   ID.       Figure   1.   Deployment   of   HST - SFN   UE   moves   along   the   railway   track,   and   experiences   different   Doppler   shifts   and   path   delays   at   different   locations.   To   check   UE’s   performance,        A   number   of   UE   locations   along   the   track   are   chosen,   and   link   level   simulation   (LLS)   is   performed   for   each   location   to   evaluate   the   throughput   performance   for   each   numerology.        Then   throughput   average   of   all   the   locations   can   be   the   performance   of   this   numerology.      Performance   of   different   numerologies   are   compared.     To   simplify   the   evaluation,   no   handover   is   considered.   Therefore,   only   the   region   that   between   any   two   adjacent   RRHs   needs   to   be   examined .   A   number   of   UE   locations   within   this   region   are   chosen .   To   initi al ize   the   LLS,   some   basic   assumptions   and   parameters   are   provided   as   follows:   o   Number   of   UE   locations   to   be   evaluated     Denote   the   inter - RRH   distance   as

s

D

,   and   the   distance   step   between   two   evaluated   UE   locations   as

step

D

,   there   are  

loc

N

  UE   locations   between   the   two   adjacent   RRHs,   where  

s

loc

step

D

N

D



,   supposing   that

step

D

