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1	Introduction
During the last RAN4#94-e meeting, the remain issues about NR HST BS PUSCH demodulation requirement were discussed and test parameters were captured in the WF [1]
In this contribution, the review on remain issues for HST PUSCH requirements are provided, and the updated simulation results are provided for performance requirement derived.
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:
	· Introduce 1T1R requirements for tunnel scenario
· Option 1: Introduce 1T1R requirements for the tunnel scenario
· Option 2: Do not introduce 1T1R requirements for the tunnel scenario.
· Option 3: Introduce 1T1R requirements for the tunnel scenario, and limit tests to not cover OTA
· If 1T1R requirement is introduced: 1T1R requirement configuration
· Option 1: Re-use the 1T2R requirement configuration
· FFS for next meeting
· If 1T1R requirement is introduced with OTA testing: 1T1R requirement configuration
· Option 1: Same test setup for 1T1R as typically specified in TS 38.141-2, with a test procedure that includes polarization alignment.
· FFS for next meeting



In LTE, 1T1R requirement was introduced for HST tunnel scenario, for realistic operation as well as in [3], which reuses the deployment with WCDMA BS.
For NR, the requirements shall be defined based on the typical deployment of antenna configuration. Dual polarization antenna structure should be the typical deployment in NR with considering antenna size and polarization diversity. 
In the LTE later release, dual polarization antenna structure was introduced for larger number of antenna. In that sense, if we apply the similar procedure, LTE BS with dual polarization should be considered for realistic operation.
Regarding the OTA test issue, 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.



Only 2Rx BS with dual polarization can be tested for OTA. Therefore, with considering the test effort and realistic operation, we prefer to only define the HST requirement with 1x2 antenna configuration for tunnel scenario. 
Regarding the BS test, if RAN4 agrees to introduce the 1T1R requirement, OTA testing should not be applicable.
Proposal 1: Only define HST requirement with 1x2 antenna configuration for tunnel scenario. If 1T1R requirement is introduced, OTA testing should not be applicable.
Regarding the requirement configuration, in existing 1T2R requirement, both MCS 2 and MCS 16 are introduced. Generally, it would be relatively easy for uplink to use more than 2Rx for better tracking and channel estimation performance. Without Rx diversity, the targeting SNR is close to 20dB with considering additional margin. To reduce the test effort, only MCS2 requirement is preferred to introduce for 1T1R in tunnel scenario. Other test parameters can be reused from 1x2 requirement.
Proposal 2: If 1T1R requirement is introduced, only MCS 2 requirement is preferred to introduce.
Slot allocation
As agreed, the following slot allocation for PUSCH transmission in radio frames are considered:
	· Pattern 1
· For FDD
· Slot #0 and #8 in radio frames for which SFN mod 4 =0
· Slot # 6 in radio frames for which SNF 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
· Slot # 4 in each radio frames
· For TDD in 30KHz
· Slot # 8 and slot 18# in radio frames
· Pattern 2
· For FDD
· All slots
· For TDD in 15KHz
· Slot #4 and slot 9 in each radio frame
· For TDD in 30KHz
· Slot #8, slot#9, slot #18 and slot 9 in each radio frame



As mentioned, the subframes in which PUSCH is transmitted is related with HARQ process timing. The HARQ processing timing is 8 for FDD and 10 for TDD with agreed TDD configuration.  There is no changed with existing agreed TDD pattern 
From the demodulation performance perspective, there is no obviously different with these two patterns. 
The motivation for pattern 1 is to reduce the test effort, there is no necessary to transmit PUSCH in all the available UL slots frequently, especially for HST environment.   
Meanwhile, in LTE specific, we have already defined the similar slot allocation in the test parameters for HST. Therefore, considering the test efforts perspective, we would like to capture the pattern 1 into the test parameters.
Proposal 3: 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#18 in radio frames 



Other requirements
As agreed in WF [2], the following requirement are considering after March
	· Waveform
· Focus on CP-OFDM waveform
· Start on study of PUSCH requirements with DFT-s-OFDM waveform after March, 2020
· CBW for CP-OFDM
· Focus on 10MHz CBW/15KHz SCS, 40MHz CBW/30KHz SCS
· Start to work on 5MHz CBW/15KHz SCS, 10Mhz CBW/30KHz SCS after March, 2020
· Similar applicability rule of channel bandwidths as existing PUSCH performance requirements will be used for HST
· Fading channel
· Focus on the PUSCH requirements with HST scenario firstly
· Start after March on study of PUSCH requirements with multi-path fading channel under high Doppler value



In [3], the general applicably rule for HST PUSCH requirements with 350kph and 500kph is under discussion. As our proposal, if a BS declare to support 500kph, BS passes the test of 500kph, can also consider the tests of 350kph as passed. Therefore, as for waveform with DFT-s-OFDM, if agreed to introduce, we would like to compact the test case with focusing on the requirement with 500kph only. There is no need to replicate the test cases introduced the requirements of CP-OFDM waveform.
Regarding the MCS, generally, DFT-s-OFDM, it is typical to schedule small value of MCS for guaranteeing the link budget performance. We prefer to re-use the Rel-15 test parameters for HST with DFT-s-OFDM waveform.
Proposal 4: If agreed to introduce HST PUSCH requirement with DFT-s-OFDM waveform, only 500kph requirement is preferred to introduce.
The related test parameters are preferred as follows:
MCS: 2
RB allocation:  24 RB for 5MHz CBW/15KHz SCS, 
TDRA:  type A
DMRS position: 1+1+1
L0: 3
With regarding HST PUSCH requirement with CP-OFDM waveform to introduce more channel bandwidth, we have already to consider the similar CBW for DFT-s-OFDM HST requirement. Meanwhile, based on the Rel-15 NR BS PUSCH requirement for both CP-OFDM and DFT-s-OFDM waveform, the performance different between each CBW combination per SC is very small. Therefore, to compact the test cases, we propose no additional CBW requirement for HST PUSCH requirement with CP-OFDM waveform is introduced.
Proposal 5:  Considering HST requirement for the CBW of 5MHz CBW/15KHz SCS, 10Mhz CBW/30KHz SCS for DFT-s-OFDM waveform, no additional CBW requirement for HST PUSCH requirement with CP-OFDM 
Regarding the fading channel environment, as for the high Doppler value with multipath fading channel, the requirement with high Doppler value about 600Hz, was specified in LTE, which is related with UE 300km/h velocity at Band 1(2.1GHz) carrier frequency. The requirements are only applicable for BS supporting ETU600. Different HST scenario, BS should overcome the impact of multi-path fading, excepting for high Doppler Shift. The performance loss suffered more seriously in multi-path fading channel.
For UE side, it is agreed to define the 600Hz and 1200 Hz for requirement with fading environment under 15KHz and 30KHz SCS, separately. Therefore, 600Hz and 1200Hz can be reused as start point for the feasibility study with HST requirement under high Doppler 
Regarding with number of DMRS symbol, in existing Rel-15 NR BS demodulation requirement, 2 DMRS is considered with TDL300-400 fading channel is considered. Considering with large Doppler value, it is reasonable for 3 DMRS symbols should be considered.
Proposal 6:  The high Doppler with 600Hz and 1200Hz for 15 KHz and 30 KHz can be regarded as the starting point for the feasibility study with HST requirement with high Doppler, if agreed to introduce the related requirement.
2. 2 Simulation results for HST
In this subsection, the updated 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
	-5.89 
	-3.89

	15KHz, 10MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 1340Hz
	6.87 
	8.87

	30KHz, 40MHz
	2
	1T2R
	1+1+1(2,7,11)
	AWGN 2334Hz
	-5.87 
	-3.87

	30KHz, 40MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 2334Hz
	6.90 
	8.9

	15KHz, 10MHz
	2
	1T8R
	1+1+1(2,7,11)
	AWGN 1340Hz
	-11.29 
	-9.29

	15KHz, 10MHz
	16
	1T8R
	1+1+1(2,7,11)
	AWGN 1340Hz
	1.07 
	3.07

	30KHz, 40MHz
	2
	1T8R
	1+1+1(2,7,11)
	AWGN 2334Hz
	-11.29 
	-9.29

	30KHz, 40MHz
	16
	1T8R
	1+1+1(2,7,11)
	AWGN 2334Hz
	1.10 
	3.1



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
	-5.84 
	-3.84

	15KHz, 10MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 1340Hz
	7.32 
	9.32

	30KHz, 40MHz
	2
	1T2R
	1+1+1(2,7,11)
	AWGN 2334Hz
	-5.83 
	-3.83

	30KHz, 40MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 2334Hz
	7.31 
	9.31

	15KHz, 10MHz
	2
	1T1R
	1+1+1(2,7,11)
	AWGN 1340Hz
	-2.83 
	-0.83

	15KHz, 10MHz
	16
	1T1R
	1+1+1(2,7,11)
	AWGN 1340Hz
	10.58 
	12.58

	30KHz, 40MHz
	2
	1T1R
	1+1+1(2,7,11)
	AWGN 2334Hz
	-2.82 
	-0.82

	30KHz, 40MHz
	16
	1T1R
	1+1+1(2,7,11)
	AWGN 2334Hz
	10.56 
	12.56



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
	-5.85 
	-3.85

	15KHz,
10MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 1740Hz
	7.22 
	9.22

	30KHz, 40MHz
	2
	1T2R
	1+1+1(2,7,11)
	AWGN 3334Hz
	-5.81 
	-3.81

	30KHz, 40MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 3334Hz
	7.30 
	9.3

	15KHz, 10MHz
	2
	1T8R
	1+1+1(2,7,11)
	AWGN 1740Hz
	-11.26 
	-9.26

	15KHz,
10MHz
	16
	1T8R
	1+1+1(2,7,11)
	AWGN 1740Hz
	1.36 
	3.36

	30KHz, 40MHz
	2
	1T8R
	1+1+1(2,7,11)
	AWGN 3334Hz
	-11.25 
	-9.25

	30KHz, 40MHz
	16
	1T8R
	1+1+1(2,7,11)
	AWGN 3334Hz
	1.43 
	3.43



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
	-5.69 
	-3.69

	15KHz,10MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 1740Hz
	7.62 
	9.62

	30KHz, 40MHz
	2
	1T2R
	1+1+1(2,7,11)
	AWGN 3334Hz
	-5.67 
	-3.67

	30KHz,40MHz
	16
	1T2R
	1+1+1(2,7,11)
	AWGN 3334Hz
	7.68 
	9.68

	15KHz, 10MHz
	2
	1T1R
	1+1+1(2,7,11)
	AWGN 1740Hz
	-2.69 
	-0.69

	15KHz, 10MHz
	16
	1T1R
	1+1+1(2,7,11)
	AWGN 1740Hz
	10.63 
	12.63

	30KHz, 40MHz
	2
	1T1R
	1+1+1(2,7,11)
	AWGN 3334Hz
	-2.67 
	-0.67

	30KHz, 40MHz
	16
	1T1R
	1+1+1(2,7,11)
	AWGN 3334Hz
	10.70 
	12.7



2. 3 Initial results for fading channel 
In this subsection, the initial investigation for the performance impact on multi-path fading channel with high Doppler scenario. The simulation assumption is provided as follows:
	Parameter
	value

	
	FR1

	Transform precoding
	CP-OFDM 

	Number of Tx
	1

	Number of Rx
	2

	Number of layers
	1

	Transmission scheme
	Identity matrix (TPMI index 0)

	DMRS type
	type 1

	Number of DMRS symbols
	1+1+1 (2, 7,11)

	symbols length
	14

	Start symbol index
	0

	Time domain resource allocation type
	type A

	Frequency domain resource
	Full RB allocation of the applicable BW

	MCS index
	MCS =2,16

	Carrier frequency (GHz)
	4GHz

	Propagation channel
	MCS 12 TDLA 30 ns, [600,700,800]Hz for 15KHz SCS
MCS 16 TDLA 30 ns, [600, 700,800]Hz for 15KHz SCS

	SCS and BW
	15KHz, 10MHz

	Timing offset
	0

	Frequency offset
	0

	PTRS
	Without PT-RS configuration

	Code block group
	Disabled

	Frequency hopping
	Disabled

	Limited buffer rate matching
	Disabled

	Number of HARQ transmission
	4



[image: ]
Figure 1: Initial BLER of multi-path fading with high Doppler value for PUSCH CP-OFDM waveform 
[image: ]
Figure 2:  Initial TP of multi-path fading with high Doppler value for PUSCH CP-OFDM waveform 
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Figure 3:  Initial BLER of multi-path fading with high Doppler value for PUSCH DFT-s-OFDM waveform 
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Figure 4:  Initial TP of multi-path fading with high Doppler value for PUSCH DFT-s-OFDM waveform 

Observation 1:  The fading channel with high Doppler 600Hz is feasible for MCS2 with configured 3 DMRS symbols. 
Observation 2: The performance of MCS 16 under fading channel with large Doppler value suffers large degradation as Doppler increasing.
Observation 3: PUSCH with CP-OFDM waveform and DFT-s-OFDM waveform under fading channel high Doppler value have the similar results.
Proposal 7: If agreed to introduce PUSCH requirement with multi-path fading under high Doppler value, focus on the requirements with CP-OFDM waveform.
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. If 1T1R requirement is introduced, OTA testing should not be applicable.
Proposal 2: If 1T1R requirement is introduced, only MCS 2 requirement is preferred to introduce.
Proposal 3: 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#18 in radio frames 



Proposal 4: If agreed to introduce HST PUSCH requirement with DFT-s-OFDM waveform, only 500kph requirement is preferred to introduce.
The related test parameters are preferred as follows:
MCS: 2
RB allocation:  24 RB for 5MHz CBW/15KHz SCS, 
TDRA:  type A
DMRS position: 1+1+1
L0: 3
Proposal 5:  Considering HST requirement for the CBW of 5MHz CBW/15KHz SCS, 10Mhz CBW/30KHz SCS for DFT-s-OFDM waveform, no additional CBW requirement for HST PUSCH requirement with CP-OFDM 
Proposal 6:  The high Doppler with 600Hz and 1200Hz for 15 KHz and 30 KHz can be regarded as the starting point for the feasibility study with HST requirement with high Doppler, if agreed to introduce the related requirement.
Observation 1:  The fading channel with high Doppler 600Hz is feasible for MCS2 with configured 3 DMRS symbols. 
Observation 2: The performance of MCS 16 under fading channel with large Doppler value suffers large degradation as Doppler increasing.
Observation 3: PUSCH with CP-OFDM waveform and DFT-s-OFDM waveform under fading channel high Doppler value have the similar results.
Proposal 7: If agreed to introduce PUSCH requirement with multi-path fading under high Doppler value, focus on the requirements with CP-OFDM waveform
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