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1	Introduction
During last RAN4#93 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 for alignment purpose.
2	Discussion and simulation results
2. 1 Discussion
In this section, the view on remained issue of HST requirements is presented.
Antenna configuration
As agreed, the following antenna configuration options are considered:
	· Tunnel scenario: 1x2,FF2 1x1
· Test setup for conducted test with 1x1 needs further discussion 
· FFS on OTA test for 1x1
· Whether to introduce test for 1x1 needs to consider the testable SNR value
· For open space scenario: 1x2 and 1x8
· As per BS declaration, only one antenna configuration is selected for test
· Define conducted tests for 1x2 and 1x8
· Define OTA tests for 1x2 only



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, during discussion, the performance requirements are specified for both with and without Rx diversity. To minimize the number of tests, only 1x2 antenna configuration is specified requirement for open space. While for 1x1 antenna configuration for tunnel scenario, it is chosen with the realistic operation as well as in [3], deployed with W-CDMA BS.
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. 
In LTE Rel-8, the typical antenna configuration is uniform linear antenna array (ULA ) structure with one polarization, due to the number of antenna is limited to 4, the antenna size is acceptable.
In terms of testing, LTE can support conducted test, it is easy to connect with one antenna (polarization) for testing. While for NR, excepting for conducted test for BS type 1-C, OTA testing is supported for BS type 1-O. In case of OTA testing, the different polarization of test antennas may result in performance different with certain isolation. 
As indicated in eAAS spec,
	· OTA performance requirements are only specified for up to 2 demodulation branches
· If the OTA AAS BS uses polarization diversity and has the ability to maintain isolation between signals for each of the demodulation branches, the OTA performance requirements can be tested for up to two demodulation branches (i,e 1Tx-1Rx or 1Tx-2Rx test setup). When tested for two demodulation branches, each demodulation branch maps to one polarization.
· If the OTA AAS BS does not use polarization diversity then OTA performance requirements can only be tested for a single demodulation branch (i.e, 1Tx-1Rx test setup)



	· Conformance requirements can only be tested for 1 or 2 demodulation branches depending on the number of polarization supported by the BS, with the required SNR applied separately per polarization
· Only 2RX BS performance requirements apply when OTA AAS BS supports and is tested with dual polarization.



Based on the eAAS spec for OTA test, only 2Rx BS with dual polarization can be tested. As mentioned, dual polarization antenna structure should be the typical deployment in NR with considering antenna size and polarization diversity. So, with considering the test effort and realistic operation, we prefer to only define the HST requirement with 1x2 antenna configuration for tunnel scenario.
Proposal 1: Only define HST requirement with 1x2 antenna configuration for tunnel scenario.

Test parameters
In LTE, the test parameters for high speed train conditions as follows:
		Subframes in which PUSCH is transmitted
	For FDD:
subframe #0 and #8 in radio frames for which SFN mod 4 = 0
subframe #6 in radio frames for which SFN mod 4 = 1
subframe #4 in radio frames for which SFN mod 4 = 2
subframe #2 in radio frames for which SFN mod 4 = 3

For TDD:
Subframe #2 in each radio frames






The subframes in which PUSCH is transmitted is related with HARQ process, which can allow a maximum of 4 transmissions. In FDD, the feedback delay is 8ms, and 10ms in TDD with UL-DL configuration 2. Since we agree the maximum throughput is an FRC equals to the payload size* the number of uplink subframes per second in which PUSCH is transmitted, similarly, we propose to indicate the PUSCH transmission subframes in the test parameters as follows:
	Slots in which PUSCH is transmitted
	For FDD :
slot #0 and #8 in radio frames for which SFN mod 4 = 0
slot #6 in radio frames for which SFN mod 4 = 1
slot #4 in radio frames for which SFN mod 4 = 2
slot #2 in radio frames for which SFN mod 4 = 3

For TDD in 15KHz SCS:
slot #4 in each radio frames

For TDD in 30KHz SCS
slot #8 and slot#18 in radio frames 



Proposal 2: The Slots in which PUSCH is transmitted is proposed as follow

	Slots in which PUSCH is transmitted
	For FDD :
slot #0 and #8 in radio frames for which SFN mod 4 = 0
slot #6 in radio frames for which SFN mod 4 = 1
slot #4 in radio frames for which SFN mod 4 = 2
slot #2 in radio frames for which SFN mod 4 = 3

For TDD in 15KHz SCS:
slot #4 in each radio frames

For TDD in 30KHz SCS
slot #8 and slot#10 in radio frames 



2. 2 Simulation results
In this subsection, both ideal and impairment results are provided to requirement finalization 
Table 1: Ideal and impairment results for NR HST PUSCH with CP-OFDM for open scenario with 350km/h
	SCS& BW
	MCS
	Tx/Rx
	DMRS configuration 
	Channel 
	SNR(@70%)
(ideal )
	SNR(@70%)
(impairment)

	15KHz, 10MHz
	2
	1T2R
	1+1+1(2,7,11)
	AWGN 1340Hz
	-5.857 
	-3.857

	15KHz, 10MHz
	2
	1T2R
	1+1+1(3,7,11)
	AWGN 1340Hz
	-5.867 
	-3.867

	15KHz, 10MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 1334Hz
	7.514 
	9.514

	15KHz, 10MHz
	16
	1T2R
	1+1+1(3,7,11)
	AWGN 1334Hz
	7.218 
	9.218

	30KHz, 40MHz
	2
	1T2R
	1+1+1(2,7,11)
	AWGN 2334Hz
	-5.835 
	-3.835

	30KHz, 40MHz
	2
	1T2R
	1+1+1(3,7,11)
	AWGN 2334Hz
	-5.841 
	-3.841

	30KHz, 40MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 2334Hz
	7.525 
	9.525

	30KHz, 40MHz
	16
	1T2R
	1+1+1(3,7,11)
	AWGN 2334Hz
	7.152 
	9.152

	15KHz, 10MHz
	2
	1T8R
	1+1+1(2,7,11)
	AWGN 1340Hz
	-11.26 
	-9.26

	15KHz, 10MHz
	2
	1T8R
	1+1+1(3,7,11)
	AWGN 1340Hz
	-11.24 
	-9.24

	15KHz, 10MHz
	16
	1T8R
	1+1+1(2,7,11)
	AWGN 1340Hz
	1.55 
	3.55

	15KHz, 10MHz
	16
	1T8R
	1+1+1(3,7,11)
	AWGN 1340Hz
	1.59 
	3.59

	30KHz, 40MHz
	2
	1T8R
	1+1+1(2,7,11)
	AWGN 2334Hz
	-11.24 
	-9.24

	30KHz, 40MHz
	2
	1T8R
	1+1+1(3,7,11)
	AWGN 2334Hz
	-11.22 
	-9.22

	30KHz, 40MHz
	16
	1T8R
	1+1+1(2,7,11)
	AWGN 2334Hz
	1.49 
	3.49

	30KHz, 40MHz
	16
	1T8R
	1+1+1(3,7,11)
	AWGN 2334Hz
	1.51 
	3.51



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

	15KHz, 10MHz
	2
	1T2R
	1+1+1(2,7,11)
	AWGN 1340Hz
	-5.754 
	-3.754

	15KHz, 10MHz
	2
	1T2R
	1+1+1(3,7,11)
	AWGN 1340Hz
	-5.797 
	-3.797

	15KHz, 10MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 2334Hz
	8.031 
	10.031

	15KHz, 10MHz
	16
	1T2R
	1+1+1(3,7,11)
	AWGN 2334Hz
	7.646 
	9.646

	30KHz, 40MHz
	2
	1T2R
	1+1+1(2,7,11)
	AWGN 1340Hz
	-5.750 
	-3.75

	30KHz, 40MHz
	2
	1T2R
	1+1+1(3,7,11)
	AWGN 1340Hz
	-5.780 
	-3.78

	30KHz, 40MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 2334Hz
	8.006 
	10.006

	30KHz, 40MHz
	16
	1T2R
	1+1+1(3,7,11)
	AWGN 2334Hz
	7.481 
	9.481

	15KHz, 10MHz
	2
	1T1R
	1+1+1(2,7,11)
	AWGN 1340Hz
	-2.80 
	-0.8

	15KHz, 10MHz
	2
	1T1R
	1+1+1(3,7,11)
	AWGN 1340Hz
	-2.79 
	-0.79

	15KHz, 10MHz
	16
	1T1R
	1+1+1(2,7,11)
	AWGN 1340Hz
	10.74 
	12.74

	15KHz, 10MHz
	16
	1T1R
	1+1+1(3,7,11)
	AWGN 1340Hz
	11.05 
	13.05

	30KHz, 40MHz
	2
	1T1R
	1+1+1(2,7,11)
	AWGN 2334Hz
	-2.78 
	-0.78

	30KHz, 40MHz
	2
	1T1R
	1+1+1(3,7,11)
	AWGN 2334Hz
	-2.77 
	-0.77

	30KHz, 40MHz
	16
	1T1R
	1+1+1(2,7,11)
	AWGN 2334Hz
	10.72 
	12.72

	30KHz, 40MHz
	16
	1T1R
	1+1+1(3,7,11)
	AWGN 2334Hz
	11.65 
	13.65



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

	15KHz, 10MHz
	2
	1T2R
	1+1+1(2,7,11)
	AWGN 1740Hz
	-5.79
	-3.79

	15KHz, 10MHz
	2
	1T2R
	1+1+1(3,7,11)
	AWGN 1740Hz
	-5.79
	-3.79

	15KHz,
10MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 1740Hz
	7.79
	9.79

	15KHz, 10MHz
	16
	1T2R
	1+1+1(3,7,11)
	AWGN 1740Hz
	7.81
	9.81

	15KHz, 10MHz
	2
	1T8R
	1+1+1(2,7,11)
	AWGN 1740Hz
	-11.20
	-9.2

	15KHz, 10MHz
	2
	1T8R
	1+1+1(3,7,11)
	AWGN 1740Hz
	-11.18
	-9.18

	15KHz, 10MHz
	16
	1T8R
	1+1+1(2,7,11)
	AWGN 1740Hz
	2.16
	4.16

	15KHz, 10MHz
	16
	1T8R
	1+1+1(3,7,11)
	AWGN 1740Hz
	2.18
	4.18

	30KHz, 40MHz
	2
	1T2R
	1+1+1(2,7,11)
	AWGN 3334Hz
	-5.744 
	-3.744

	30KHz, 40MHz
	2
	1T2R
	1+1+1(3,7,11)
	AWGN 3334Hz
	-5.764 
	-3.764

	30KHz,
40MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 3334Hz
	8.383 
	10.383

	30KHz, 40MHz
	16
	1T2R
	1+1+1(3,7,11)
	AWGN 3334Hz
	7.854 
	9.854

	30KHz, 40MHz
	2
	1T8R
	1+1+1(2,7,11)
	AWGN 3334Hz
	-11.17 
	-9.17

	30KHz, 40MHz
	2
	1T8R
	1+1+1(3,7,11)
	AWGN 3334Hz
	-11.16 
	-9.16

	30KHz, 40MHz
	16
	1T8R
	1+1+1(2,7,11)
	AWGN 3334Hz
	2.21 
	4.21

	30KHz, 40MHz
	16
	1T8R
	1+1+1(3,7,11)
	AWGN 3334Hz
	2.21 
	4.21



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

	15KHz, 10MHz
	2
	1T2R
	1+1+1(2,7,11)
	AWGN 1740Hz
	4.85 
	6.85

	15KHz, 10MHz
	2
	1T2R
	1+1+1(3,7,11)
	AWGN 1740Hz
	0.65 
	2.65

	15KHz,10MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 1740Hz
	9.79 
	11.79

	15KHz, 10MHz
	16
	1T2R
	1+1+1(3,7,11)
	AWGN 1740Hz
	8.67 
	10.67

	30KHz, 40MHz
	2
	1T2R
	1+1+1(2,7,11)
	AWGN 3334Hz
	-5.651 
	-3.651

	30KHz, 40MHz
	2
	1T2R
	1+1+1(3,7,11)
	AWGN 3334Hz
	-5.651 
	-3.651

	30KHz,40MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 3334Hz
	8.544 
	10.544

	30KHz, 40MHz
	16
	1T2R
	1+1+1(3,7,11)
	AWGN 3334Hz
	8.545 
	10.545

	15KHz, 10MHz
	2
	1T1R
	1+1+1(2,7,11)
	AWGN 1740Hz
	4.12 
	6.12

	15KHz, 10MHz
	2
	1T1R
	1+1+1(3,7,11)
	AWGN 1740Hz
	0.46 
	2.46

	15KHz, 10MHz
	16
	1T1R
	1+1+1(2,7,11)
	AWGN 1740Hz
	11.72 
	13.72

	15KHz, 10MHz
	16
	1T1R
	1+1+1(3,7,11)
	AWGN 1740Hz
	12.04 
	14.04

	30KHz, 40MHz
	2
	1T1R
	1+1+1(2,7,11)
	AWGN 3334Hz
	-2.66 
	-0.66

	30KHz, 40MHz
	2
	1T1R
	1+1+1(3,7,11)
	AWGN 3334Hz
	-2.65 
	-0.65

	30KHz, 40MHz
	16
	1T1R
	1+1+1(2,7,11)
	AWGN 3334Hz
	11.78 
	13.78

	30KHz, 40MHz
	16
	1T1R
	1+1+1(3,7,11)
	AWGN 3334Hz
	12.19 
	14.19



PUSCH mapping type A

As agreed in the last meeting, 
	· L0 for PUSCH mapping type A
· If no performance different between l0=2 and l0=3, define performance requirements based on l0=2
· L0 value for testing is based on BS declaration



As indicated in tables, with l0=3 DMRS configuration, the performance is better compared with l0=2 for the condition of large maximum Doppler.
Observation 1: L0=3 with 1+1+1 DMRS configuration is better compared with L0=2 with 1+1+1 DMRS configuration with large maximum Doppler.

Proposal 3:  HST requirement with PUSCH mapping type A under L0=3 can be defined.
MCS
	· 500km/h
· Open space scenario: MCS2 and MCS16
· Tunnel scenario: MCS2, FFS on MCS16



As indicated, the maximum TP with MCS 16 is feasible for tunnel scenario.
Proposal 4: HST requirement with tunnel scenario with MCS 2 and MCS 16 can be defined.
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: Only define HST requirement with 1x2 antenna configuration for tunnel scenario.
Observation 1: L0=3 with 1+1+ 1 DMRS configuration has better compared with L0=2 with 1+1+1 DMRS configuration with large Doppler value.
Proposal 2: The Slots in which PUSCH is transmitted is proposed as follow

	Slots in which PUSCH is transmitted
	For FDD :
slot #0 and #8 in radio frames for which SFN mod 4 = 0
slot #6 in radio frames for which SFN mod 4 = 1
slot #4 in radio frames for which SFN mod 4 = 2
slot #2 in radio frames for which SFN mod 4 = 3

For TDD in 15KHz SCS:
slot #4 in each radio frames

For TDD in 30KHz SCS
slot #8 and slot#10 in radio frames 
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