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1	Introduction
During last RAN4#92 meeting, the general issues about BS demodulation requirement under high speed scenario were discussed and the agreements are captured in the WF [1].  
In this contribution, the initial simulation results are provided to check the feasibility of HST based on the agreed assumption about Doppler value.
2	Discussion and simulation results
2. 1 Discussion
In this section, the view on remained issue of HST requirements is presented with serval aspects
a) Optional or Mandatory

Similar with LTE, the BS performance requirement should be optional since the necessity of the requirement depends on BS deployment.
Proposal 1: The BS performance requirements under HST scenario are optional and only applicable for BS supporting HST.
b) Duplex modem 

Similar with requirement for normal PUSCH, both TDD and FDD duplex are specified. Considering 15KHz SCS is targeting with 2.1 GHz, it should be FDD band, while 30KHz SCS is targeting with 3.6Hz for TDD. 
In terms of the target SNR for 70%TP, the performance has not obvious difference for different TDD configurations. Hence, we prefer to reuse the existing TDD configuration as 7D1S2U (S=6D: 4G: 4U) for 30KHz SCS.
Proposal 2:  Reuse the existing TDD configuration as 7D1S2U (S=6D: 4G: 4U) in 30KHz SCS for PUSCH HST requirements.
c) Measurement Channel  

PUSCH is considered as the measurement channel to specify the BS performance for HST.  In LTE, excepting for PUSCH, the need of configurations of PUCCH and Sounding RS was investigated. In the table, the distance and expected maximum measurable frequency offset for each reference signal 
PUSCH is considered as the measurement channel to specify the BS performance for HST.  In LTE, excepting for PUSCH, the need of configurations of PUCCH and Sounding RS was investigated. In the table, the distance and expected maximum measurable frequency offset for each Reference 
	
	Distance
	Measurable Frequency Offset

	PUSCH
	0.5ms
	1000Hz

	PUCCH (format 2)
	0.285ms
	1750Hz

	SRS 
	1.0ms
	500Hz



It is verified that PUCCH (format2) is suitable for frequency offset estimation, and is included in the test model of HST. Although the PUCCH configuration is specified in existing LTE HST test configuration, however, it should be depend on BS implementation which method BS use to estimate frequency offset, i.e, the test configuration shall no mandate a specific method. As indicated, the PUCCH configuration (format 2) is optional.
Observation 1:  Both PUSCH and PUCCH configuration are included for parameters with High speed train. PUCCH format2 configuration is optional. 
Similar with LTE, a general question is whether other channels should be considered in the test model?
For NR, there are 5 kinds for PUCCH formats with targeting large payload and small payload. Based on the DMRS configuration in time domain allocation, format 1, 3 and 4 can also have the ability for frequency offset estimation. 
For format1, there are 7 DMRS symbols transmitted based on the orthogonal sequence in the time domain, which can support multiple UE multiplexing.
Although it has high density for DMRS, only 1 RB can be allocated. To some extent, the accuracy of frequency offset estimation is impacted due to insufficiency DMRS symbols in Frequency domain.
For format 3 and 4, both without additional DMRS and with additional DMRS configuration can be supported. For full 14 symbols scheduled, the DMRS position is {1, 5, 8, 12}. The distance is larger than DMRS structure in PUSCH. Hence, it is expected that DMRS in PUSCH can have the maximum measurable frequency offset.
Normally, for practical frequency offset estimation, it should depend on the BS implementation. Since the purpose is to verify the performance impact of PUSCH under high speed train, in our view, there is no necessary to include other channels in the test model for high speed train.
Proposal 3:  Only PUSCH as measurement channel is included in the test model for High Speed train. 
d) Maximum Doppler

As agreed, the following Doppler value options are considered:
	· Single tap HST 500 km/h
· 15KHz
· Option 1: 1944Hz
· Option 2: 1750Hz
· 30KHz
· Option 1: 3334Hz
· Option 2: 3000Hz



The accuracy of channel estimation depends on the number of DM-RS symbols distributed in the time domain. As indicated in table 1, we provide the DMRS Doppler tracking capability for 15 KHz and 30 KHz with 1+1+1 DMRS structure.
	DMRS configuration
	SCS (KHz)
	Interval of RS
	Frequency Offset range

	NR 1+1+1 (3,7,11)
	15
	0.285ms
	+/- 1750Hz

	NR 1+1+1 (3,7,11)
	30
	0.1425ms
	+/- 3500Hz



For 30 KHz SCS, the range is 3500Hz, both options listed are feasible. Theoretically speaking, for 15 KHz SCS, 1750Hz is the maximum range can support with current DMRS structure. In the testing, we can assume there is no carrier frequency error. However, in the real deployment, the additional margin should be considered due to the oscillator error with 0.1ppm at UE side. In that sense, we still prefer to define the HST requirement lower that the racking capability of DMRS.
The maximum Doppler is related with targeting speed and carrier frequency. As agreed, 500km/h velocity is targeting with 1.9GHz or 2.1GHz carrier frequency, Doppler value with 1944Hz is targeting 2.1GHz carrier. Even with targeting 1.9GHz carrier frequency, the Doppler is also lager than maximum range of 1750 under 15KHz.
With checking LTE, HST with lower velocity and lower frequency offset compared with open space scenario. For tunnel scenario, considering the air pressure and atmospheric pressure resistance of tunnel environment, it is reasonable that the maximum velocity should be smaller than open space scenario for safety consideration. Considering the 500km/h velocity for HST is the targeting for ITU 2020, low Doppler value be considered, similar as LTE.
Based on the Doppler value 3334Hz for 15KHz SCS, it is natural to define the requirement with half of 3334Hz as 1667Hz. Meanwhile, the Doppler value 1667Hz is related with carrier frequency 1.8GHz.
In the last meeting, the Ds and Dmin, which is related with Doppler variation tendency, are agreed as  
	· Open space
· Ds: 700ms
· Dmin:  150ms
· Tunnel scenario
· Ds: 300m
· Dmin: 2ms


 
Based on the following formulation, the variation tendency of Doppler value can be calculated by


, 


, 


, 
The Doppler trajectory of open space and tunnel scenario are illustrated with Figure 1 and Figure 2, respectively.
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Figure 1 Doppler shift trajectory for open scenario with 500km/h SCS 
[image: ]
Figure 2 Doppler shift trajectory for tunnel scenario with 500km/h for 15KHz SCS (to be added) 
As observation, the Doppler trajectory for open space is like sine wave. In most of times, the Doppler value is lower than 1750Hz, while, the Doppler trajectory for tunnel scenario is almost rectangular wave. In most of times, the Doppler value is the maximum value. Generally, the tunnel scenario is more challenging due to the sharply change every second.
Observation 2:  Doppler trajectory for open space is like sine wave, in most of times, the Doppler value is lower than 1750Hz, the Doppler trajectory for tunnel scenario is almost rectangular wave. tunnel scenario is more challenging due to the sharply change every second.
As indicated with our initial result, even with 1750Hz, the performance is not feasible 
So, in order to guarantee the acceptable performance,  Doppler value lower than 1750 Hz should  be considered for HST requirement at least for tunnel scenario.
Based on our analysis, two options of maximum Doppler with 15 KHz SCS for HST requirement are proposed:
Option 1:  1667Hz with carrier 1.8GHz for both open space scenario and tunnel scenario.
Option 2:  
-	1750Hz for open space scenario
-	1667Hz for tunnel scenario
Proposal 4: Define HST requirement with maximum Doppler value lower than 1750Hz with 15 KHz SCS under 500km/h velocity at least for tunnel scenario. The following options should be considered. 
Option 1:  1667Hz with carrier 1.8GHz for both open space scenario and tunnel scenario
Option 2:  
· 1750Hz for open space scenario
· 1667Hz for tunnel scenario 

e) Antenna configuration

As agreed, the following antenna configuration options are considered:
	· For tunnel
· Option 1: 1x1
· Option 2: 1x2
· For open space
· Option 1: 1x2
· Option 2: 1x8



Generally, it would be relatively easy for uplink to use more than 2Rx for better tracking and channel estimation performance. For HST requirement in LTE, only 1x2 antenna configuration for open space and 1x1 antenna configuration for tunnel scenario were specified with considering test effort. Since the test purpose is to verify the HST function, the Doppler shift variation is the same between antennas. Meanwhile, the Doppler value tracking and estimation is performed per antenna. In our view, we do not think it is necessary to test all the antenna configurations. 
For tunnel scenario, in LTE, the typical antenna configuration is ULA structure. For NR, dual polarization antenna structure is deployed with considering antenna size. In terms of testing, LTE can support conducted test, it is easy to connect with one antenna for testing. While for NR, excepting for conducted test, OTA testing is supported. In case of OTA testing, the different polarization of test antennas may be different with certain isolation. To reduce the complexity of testing, we prefer to define HST requirement with 1x2 for tunnel and open space scenarios.
Proposal 5: Define HST requirement with 1x2 antenna configuration for both tunnel and open space scenarios.
2. 2 Simulation results
In this subsection, the initial simulation results are provided to check the feasibility of HST for different Doppler value:
Table 1: Ideal results for NR HST PUSCH with CP-OFDM for open scenario with 350km/h
	SCS& BW
	MCS
	Tx/Rx
	DMRS configuration 
	Channel 
	SNR(@70%)

	15KHz, 10MHz
	2
	1T2R
	1+1+1(2,7,11)
	AWGN 1340Hz
	-5.857 

	15KHz, 10MHz
	2
	1T2R
	1+1+1(3,7,11)
	AWGN 1340Hz
	-5.867 

	15KHz, 10MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 2334Hz
	7.514 

	15KHz, 10MHz
	16
	1T2R
	1+1+1(3,7,11)
	AWGN 2334Hz
	7.218 

	30KHz, 40MHz
	2
	1T2R
	1+1+1(2,7,11)
	AWGN 1340Hz
	-5.835 

	30KHz, 40MHz
	2
	1T2R
	1+1+1(3,7,11)
	AWGN 1340Hz
	-5.841 

	30KHz, 40MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 2334Hz
	7.525 

	30KHz, 40MHz
	16
	1T2R
	1+1+1(3,7,11)
	AWGN 2334Hz
	7.152 



Table 2: Ideal results for NR HST PUSCH with CP-OFDM for tunnel scenario with 350km/h
	SCS& BW
	MCS
	Tx/Rx
	DMRS configuration 
	Channel 
	SNR(@70%)

	15KHz, 10MHz
	2
	1T2R
	1+1+1(2,7,11)
	AWGN 1340Hz
	-5.754 

	15KHz, 10MHz
	2
	1T2R
	1+1+1(3,7,11)
	AWGN 1340Hz
	-5.797 

	15KHz, 10MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 2334Hz
	8.031 

	15KHz, 10MHz
	16
	1T2R
	1+1+1(3,7,11)
	AWGN 2334Hz
	7.646 

	30KHz, 40MHz
	2
	1T2R
	1+1+1(2,7,11)
	AWGN 1340Hz
	-5.750 

	30KHz, 40MHz
	2
	1T2R
	1+1+1(3,7,11)
	AWGN 1340Hz
	-5.780 

	30KHz, 40MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 2334Hz
	8.006 

	30KHz, 40MHz
	16
	1T2R
	1+1+1(3,7,11)
	AWGN 2334Hz
	7.481 



Table 3: Ideal results for NR HST PUSCH with CP-OFDM for open scenario with 500km/h
	SCS& BW
	MCS
	Tx/Rx
	DMRS configuration 
	Channel 
	SNR(@70%)

	15KHz, 10MHz
	2
	1T2R
	1+1+1(2,7,11)
	AWGN 1750Hz
	-5.624 

	15KHz, 10MHz
	2
	1T2R
	1+1+1(3,7,11)
	AWGN 1750Hz
	-5.821 

	15KHz,10MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 1750Hz
	8.332 

	15KHz, 10MHz
	16
	1T2R
	1+1+1(3,7,11)
	AWGN 1750Hz
	7.811 

	15KHz, 10MHz
	2
	1T2R
	1+1+1(2,7,11)
	AWGN 1944Hz
	-5.579 

	15KHz, 10MHz
	2
	1T2R
	1+1+1(3,7,11)
	AWGN 1944Hz
	-5.607 

	15KHz, 10MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 1944Hz
	8.286 

	15KHz, 10MHz
	16
	1T2R
	1+1+1(3,7,11)
	AWGN 1944Hz
	8.336 

	30KHz, 40MHz
	2
	1T2R
	1+1+1(2,7,11)
	AWGN 3000Hz
	-5.891 

	30KHz, 40MHz
	2
	1T2R
	1+1+1(3,7,11)
	AWGN 3000Hz
	-5.885 

	30KHz,40MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 3000Hz
	6.616 

	30KHz, 40MHz
	16
	1T2R
	1+1+1(3,7,11)
	AWGN 3000Hz
	6.629 

	30KHz, 40MHz
	2
	1T2R
	1+1+1(2,7,11)
	AWGN 3334Hz
	-5.744 

	30KHz, 40MHz
	2
	1T2R
	1+1+1(3,7,11)
	AWGN 3334Hz
	-5.764 

	30KHz, 40MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 3000Hz
	8.383 

	30KHz, 40MHz
	16
	1T2R
	1+1+1(3,7,11)
	AWGN 3000Hz
	7.854 



Table 4: Ideal results for NR HST PUSCH with CP-OFDM for tunnel scenario with 500km/h
	SCS& BW
	MCS
	Tx/Rx
	DMRS configuration 
	Channel 
	SNR(@70%)

	15KHz, 10MHz
	2
	1T2R
	1+1+1(2,7,11)
	AWGN 1750Hz
	N.A

	15KHz, 10MHz
	2
	1T2R
	1+1+1(3,7,11)
	AWGN 1750Hz
	N.A

	15KHz,10MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 1750Hz
	N.A

	15KHz, 10MHz
	16
	1T2R
	1+1+1(3,7,11)
	AWGN 1750Hz
	N.A

	15KHz, 10MHz
	2
	1T2R
	1+1+1(2,7,11)
	AWGN 1944Hz
	N.A

	15KHz, 10MHz
	2
	1T2R
	1+1+1(3,7,11)
	AWGN 1944Hz
	N.A

	15KHz, 10MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 1944Hz
	N.A

	15KHz, 10MHz
	16
	1T2R
	1+1+1(3,7,11)
	AWGN 1944Hz
	N.A

	30KHz, 40MHz
	2
	1T2R
	1+1+1(2,7,11)
	AWGN 3000Hz
	-5.891 

	30KHz, 40MHz
	2
	1T2R
	1+1+1(3,7,11)
	AWGN 3000Hz
	-5.885 

	30KHz,40MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 3000Hz
	6.616 

	30KHz, 40MHz
	16
	1T2R
	1+1+1(3,7,11)
	AWGN 3000Hz
	6.629 

	30KHz, 40MHz
	2
	1T2R
	1+1+1(2,7,11)
	AWGN 3334Hz
	-5.651 

	30KHz, 40MHz
	2
	1T2R
	1+1+1(3,7,11)
	AWGN 3334Hz
	-5.651 

	30KHz, 40MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 3000Hz
	8.544 

	30KHz, 40MHz
	16
	1T2R
	1+1+1(3,7,11)
	AWGN 3000Hz
	8.545 



f) PUSCH mapping type A
As indicated in tables, with l0=2 DMRS configuration, the performance has no obvious different compared with l0=3. Simplicity, to align with Rel-15 PUSCH, L0=2 is preferred.
Observation 3: L0=2 with 1+1+ 1 DMRS configuration has no obvious different compared with L0=3 1+1+1 DMRS configuration.
Proposal 6: Define HST requirement with PUSCH mapping type A under L0=2.
g) MCS
As indicated in figures, at least for tunnel scenario, the maximum TP with MCS 16 cannot be achieved. 
Proposal 7: Define HST requirement with tunnel scenario only with MCS 2.
3	Conclusion
In this contribution, the view of simulation assumption for NR HST requirement was provided. Also, the initial ideal simulation results are provided to check the feasibility of high Doppler.
Proposal 1: The BS performance requirements under HST scenario are optional and only applicable for BS supporting HST.
Proposal 2:  Reuse the existing TDD configuration as 7D1S2U (S=6D: 4G: 4U) in 30KHz SCS for PUSCH HST requirements.
Observation 1:  Both PUSCH and PUCCH configuration are included for parameters with High speed train. PUCCH format2 configuration is optional. 
Proposal 3:  Only PUSCH as measurement channel is included in the test model for High Speed train. 
Observation 2:  Doppler trajectory for open space is like sine wave, in most of times, the Doppler value is lower than 1750Hz, the Doppler trajectory for tunnel scenario is almost rectangular wave. tunnel scenario is more challenging due to the sharply change every second.
Proposal 4: Define HST requirement with maximum Doppler value lower than 1750Hz with 15 KHz SCS under 500km/h velocity at least for tunnel scenario. The following options should be considered. 
Option 1:  1667Hz with carrier 1.8GHz for both open space scenario and tunnel scenario
Option 2:  
· 1750Hz for open space scenario
· 1667Hz for tunnel scenario 

Proposal 5: Define HST requirement with 1x2 antenna configuration for both tunnel and open space scenarios.
Observation 3: L0=2 with 1+1+ 1 DMRS configuration has no obvious different compared with L0=3 1+1+1 DMRS configuration.
Proposal 6: Define HST requirement with PUSCH mapping type A under L0=2.
Proposal 7: Define HST requirement with tunnel scenario only with MCS 2.
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