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1	Introduction
During RAN4#91 meeting, the remained issues for NR BS demodulation performance under high speed scenario are further discussed and the general simulation assumption is approved in [1] as follows:. 
	- Maximum Doppler Shift
· 30KHz SCS
· 2000Hz (300km/h@ Band n77(3.6GHz))
· 15KHz SCS 
· 1340Hz (350km/h@ Band n1 (2.1GHz)) if there is no technical issue identified
· 1150Hz (300km/h@ Band n1 (2.1GHz)) if there is some technical issue with 1340Hz
· Decision to be made in the next meeting based on the evaluation
- Antenna configuration
· 1x2
- MCS index
· MCS 2
- SCS and bandwidth
· CP-OFDM
· 15KHz: 5MHz, 20MHz
· 30KHz, 10MHz, 100MHz
· DFT-s-OFDM
· 15KHz, 5MHz
· 30KHz, 10MHz
- Testing metric
· SNR @70% of maximum throughput
- DMRS configuration  for both 15KHz SCS and 30 kHz SCS
· DMRS 1+1+1
- PUSCH mapping type
· type A
- l0 for PUSCH mapping type A
· Option 1:  l0=3
· Option 2:  l0=2
· If it is not possible to make decision  in this meeting, pick one test case for performance comparison in the next meeting
- Waveform
· DFT-s-OFDM and CP-OFDM
- PRB allocation for DFT-s-OFDM
· The same configuration as the existing DFT-s-OFDM PUSCH test
- PTRS
· Without PTRS


As for the open issue about which release HST will be introduced, RAN4 group has a lot of discussion, however, there is no consensus.
During last RAN84 plenary meeting, the BS performance requirements for high speed is supposed to be further  clarified that it will be removed from remaining issues given the BS performance requirements for HST is covered by new Rel-16 WI. NR HST was approved as new WI in Rel-16, the related WID can be found in [2]. This new WI is proposed to specify NR UE demodulation requirements, BS demodulation requirements, and UE RRM requirements for high speed train scenario with up to 500km/h in Rel-16. As indicated in the objective of performance part WI as follows:
	- Specify the BS demodulation requirements and test cases for
· PUSCH
· PRACH restricted set A for preamble format 0
· PRACH restricted set B for preamble format 0
· PUSCH for UL timing adjustment
· Other requirements are not precluded if needed
· NOTE: PUSCH with HST single tap channel model, PRACH restricted set A/B and PUSCH for UL timing adjustment, test assumptions and corresponding CR(s) to be finalized by Dec. 2019 and final CRs including the requirement SNR to be finalized by Mar.2010 should support at least up to 350 km/h. A single set of requirements supporting greater speeds is not precluded if RAN4 decides a single set of requirements is feasible and they are completed within this timescale



Meanwhile, the WI will also include investigating and determining the maximum Doppler frequency based on operating frequency, velocity and the NR design limitations for all UL/DL physical channels. 
In this contribution, the initial simulation results are provided to check the feasibility of HST based on the agreed assumption about dropper value with at least up to 350km/h.
2	Discussion
2.1	DMRS configuration
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	



	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	





         
          




Fig. 1 UL DMRS with 1+1+1 configuration (l0=3)                        Fig. 2 UL DMRS with 1+1+1 configuration (l0=2)
In timing-varying channel as in the HST case, the accuracy of channel estimation depends on the number of DM-RS symbols distributed in the time domain. 
As agreed, DMRS with 1+1+1 configuration is considered for NR HST PUSCH performance with 15 kHz and 30 KHz SCS for CP-OFDM and DFT-s-OFDM. Based on RAN1 spec, there are two positions of float loaded DMRS as l0=2 or lo=3.
As indicated in Table1, we provide the DMRS Doppler tracking capability for different SCS and DMRS configuration under two different position of float loaded DMRS.
Table 1, DMRS Doppler tracking capability
	DMRS configuration  
	SCS (KHz)
	Maximum 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

	NR 1+1+1 (2,7,11)
	15
	0.357ms
	+/- 1400Hz

	NR 1+1+1 (2, 7,11)
	30
	0.1786ms
	+/- 2800 Hz



3	Simulation Results
In this section, the initial simulation results are provided for 
Table 2: Ideal results for NR HST PUSCH with CP-OFDM
	SCS&BW
	MCS
	Tx,Rx
	DMRS configuration
	Channel
	SNR (@70%)
ideal

	15KHz, 5MHz
	2
	1T2R
	1+1+1(3,7,11)
	AWGN 1150Hz
	-0.506

	
	
	
	1+1+1(2,7,11)
	AWGN 1150Hz
	-2.392

	
	
	
	1+1+1(3,7,11)
	AWGN 1340Hz
	-0.194

	
	
	
	1+1+1(2,7,11)
	AWGN  1340Hz
	0.017

	15KHz, 20MHz
	
	
	1+1+1(3,7,11)
	AWGN 1150Hz
	-5.790

	
	
	
	1+1+1(2,7,11)
	AWGN  1150Hz
	-5.770

	
	
	
	1+1+1(3,7,11)
	AWGN 1340Hz
	-4.986

	
	
	
	1+1+1(2,7,11)
	AWGN  1340Hz
	-5.357

	30KHz, 10MHz
	
	
	1+1+1(3,7,11)
	AWGN 2000Hz
	-4.986 

	
	
	
	1+1+1(2,7,11)
	AWGN  2000Hz
	-5.357 

	30KHz, 100MHz
	
	
	1+1+1(3,7,11)
	AWGN  2000Hz
	-5.801 

	
	
	
	1+1+1(2,7,11)
	AWGN  2000Hz
	-5.801 



Table 3: Ideal results for NR HST PUSCH with DFT-s-OFDM
	SCS&BW
	MCS
	Tx, Rx
	DMRS configuration
	Channel
	SNR (@70%)
ideal

	15KHz, 5MHz
	2
	1T2R
	1+1+1(3,7,11)
	AWGN  1150Hz
	-0.563 

	
	
	
	1+1+1(2,7,11)
	 AWGN 1150Hz
	-2.436 

	
	
	
	1+1+1(3,7,11)
	AWGN 1340Hz
	-0.205 

	30KHz, 10MHz
	
	
	1+1+1(2,7,11)
	AWGN 1340Hz
	0.003 

	
	
	
	1+1+1(3,7,11)
	AWGN  2000Hz
	-5.042 

	
	
	
	1+1+1(2,7,11)
	 AWGN  2000Hz
	-5.378 




From the initial result, with 15kHz, under Doppler value with 1150Hz, l0=2 has better performance compared with l0=3 for 5MHz bandwidth, while for in case of large bandwidth with 20MHz, l0=3 has better performance. For 30 KHz, it seems that l0=2 can achieve better performance. For 15 KHz, the performance has 2dB loss with Doppler value 1340Hz.
[bookmark: _GoBack]Generally, with l0=2 DMRS configuration, the performance can be achieved better compared with l0=3 for most of test cases.
Observation 1: L0=2 with 1+1+ 1 DMRS configuration can achieve better performance compared with l0=3 1+1+1 DMRS configuration.
4	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.
Observation 1: L0=2 with 1+1+ 1 DMRS configuration can achieve better performance compared with l0=3 1+1+1 DMRS configuration.
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