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1	Introduction
In the last RAN4 meeting, the remaining issue on the test parameters on PUSCH requirement for Rel-17 FR2 HST were further discussed. The related agreement was captured in the WF [1] as
	· Test applicability rule
· Option 1: FR2 HST PUSCH requirement test shall apply only for the additional DM-RS position declared to be supported. If more than one DMRS configuration is declared to be supported, the test shall be done for the minimum number of DMRS supported.
· Option 2: FR2 HST PUSCH requirement test shall apply only for the additional DM-RS position declared to be supported. If more than one DMRS configuration is declared to be supported, a pass with either of the possibilities is sufficient to demonstrate compliance to the core requirement. Capture this in a note to the performance requirement.
· Manufacturer declaration on HST FR2 DM-RS supported
· Define manufacturer declaration, applicable to BS Type 2-O, for PUSCH additional DM-RS in FR2 HST scenario. The intention is that all combinations of pos0, pos1, and pos2 should be possible to declare. Exact wording is FFS.
· Receiver baseline assumption for simulation
· Assume a receiver with post FFT FOC
· MCS
· Option 1: only MCS 20
· Option 2: only MCS 16
· Option 3: Both MCS16 and MCS 20, With applicability rule that PUSCH performance requirements needs to be tested only with highest supported MCS
· Option 4: Continue simulation results alignment with range as MCS16~MCS20
· Option 5: Use MCS 20 only as baseline, Change to MCS 16 only, if SNR after requirement derivation is larger than 20dB
· Option 6: Continue simulation results alignment with MCS 16 and MCS20 only



In this contribution, the view on remaining issue are provided for PUSCH requirement. Meanwhile, the initial simulation results are provided for alignment.
2	Discussion
Test Applicability rule for RS configuration
For FR2 HST, 1 DMRS, 2DMRS and 3 DMRS configurations are considered for PUSCH requirement. Since PTRS is configured, the number of DMRS is not the bottleneck of frequency tracking for FR2. The basic Doppler tracking performance can be guaranteed with 1 DMRS configuration. Based on the simulation results, similar performance can be achieved for 2 DMRS and 3 DMRS configurations. With more DMRS symbols, the overhead of RS is higher than 1 DMRS+PTRS. The following is overhead analysis based on different RS configurations.
Table 2-1: Overhead of RS with different RS configurations
	RS configuration
	BW (MHz)
	Position of DMRS
	Overhead of DMRS
(length of data is 10, number of CDM group =2
Mapping type B
	Overhead of PTRS
(length of data is 10, number of CDM group=2, mapping type B)
	Total

	1 DMRS +PTRS (L=1,K=2)
	200
	{0}
	792/15840
	594/15840
	1386/15840

	2DMRS + PTRS 
(L=1, K=2)
	200
	{0,8}
	1584/15840
	528/15840
	2112/15840

	3DMRS+ PTRS 
(L=1, K=2)
	200
	{0,4,8}
	2376/15840
	462/15840
	2838/15840

	1 DMRS +PTRS (L=1,K=2)
	50
	{0}
	192/3840
	144/3840
	336/3840

	2DMRS + PTRS 
(L=1, K=2)
	50
	{0,8}
	384/3840
	128/3840
	512/3840

	3DMRS+ PTRS 
(L=1, K=2)
	50
	{0,4,8}
	576/3840
	112/3840
	688/3840



Observation 1:  The overhead of 1DMRS +PTRS (L=1, K=2) configuration is the smallest compared with other RS configuration schemes.
Observation 2:  Similar performance can be achieved for 2 DMRS configuration and 3 DMRS configuration.
In Rel-15 BS demod requirement for FR2, both 1 DMRS and 2 DMRS configuration are configured for PUSCH requirement. The related test applicability and BS manufacture for difference RS configuration are defined as follows 
	· Unless otherwise stated, for BS type 2-O, PUSCH requirement tests shall apply only for the additional DM-RS position declared to be supported (see D.101 in table 4.6-1). If both options (i.e., pos0 and pos1) are declared to be supported, the tests shall be done for pos1.



	D.101
	PUSCH additional DM-RS positions
	Declaration of the supported additional DM-RS position(s) for FR2, i.e., pos0, pos1, or both.
	n/a
	n/a
	x



Observation 3:  Existing Rel-15 test applicability rule and BS manufacture with different RS configuration cannot guarantee Rel-17 FR2 HST BS test with more than 2 DMRS configuration.
Observation 4: The test is clearly defined non-HST scenario in Rel-15, in case both options (i.e., pos 0 and pos 1) are declared to be supported, the tests shall be done for pos 1
BS manufacture may declare to support with all the three DMRS configurations or subset of DMRS configurations. To reduce the test effort, and guarantee the basic baseband performance, it is not necessary to test all the supported DMRS configurations.
Since the bottleneck of Doppler tracking is not the number of DMRS, with more DMRS, the performance can be improved. Meanwhile, RAN4 is to define the minimum requirement, with less DMRS number, it is more challenging in HST FR2 deployment. Therefore, it is necessary to test the minimum number of DMRS to guarantee the basic baseband processing.
Proposal 1:  FR2 HST PUSCH requirement test shall apply only for the additional DM-RS position declared to be supported. If more than one DMRS configuration is declared to be supported, the test shall be done for the minimum number of DMRS supported
Proposal 2:  RAN4 applies the following manufacturer on HST FR2 DM-RS supported  
	D.1XX
	PUSCH additional DM-RS positions
	Declaration of the supported additional DM-RS position(s) for FR2 high speed train scenario, i.e., {pos0},{pos1},{pos2},{pos0,pos1}, {pos0 pos1}, {pos0,pos2}, {pos1,pos2} and all
	n/a
	n/a
	x



MCS 
Regarding the FOC, RAN agreed that the FOC method is up to BS implementation.  For simulation, the receiver 
Baseline assumption is assuming a receiver with Post FFT FOC.
In the last meeting, companies provide the simulation results with both Post FFT FOC and Pre FFT FOC. Based on result summary [2], we still observed that large gap among companies’ results. It is necessary to further align the results.

3	Initial Simulation Results
In this subsection, the initial simulation results for scenario B under bi-directional,. Also, the performance with different MCS level are investigated to check the impact on high modulation order with different FOC method 
Table 3-1 Simulation Assumption for PUSCH requirement
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	120kHz SCS:
3D1S1U, S=10D:2G:2U

	Antenna layout
	1T2R, ULA Low Correlation

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS symbols
	Option11+0
Option2: 1+1
Option3: 1+1+1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	0

	
	DM-RS sequence generation
	NID=0, nSCID =0

	Time domain resource
	PUSCH mapping type
	B

	
	Start symbol index
	0 

	
	Allocation length
	10

	Frequency domain resource
	RB assignment
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled

	
	Bandwidth
	50MHz and 200MHz

	Code block group based PUSCH transmission
	Disabled

	PT-RS configuration
	Frequency density (KPT-RS)
	KPT-RS=2

	
	Time density (LPT-RS)
	LPT-RS = 1

	MCS
	MCS16 to MCS20 (64 QAM table)

	Propagation channel
	Bi-directional with scenario B




The following table is provided the initial results with MCS 16 to MCS20 are considered for different DMRS configuration 
Table 3-1:  Initial results for different MCS level for scenario B with Bi-directional deployment scenario (Ds=700m, Dmin=150m), 120KHz SCS, 200MHz CBW 
	Test Case
	Tx/Rx
	SCS&BW
	Mapping type
	Symbol length
	MCS
(64QAM)
	DMRS configuration
	SNR@70 of TP (Pre-FFT FOC)
	SNR@70 of TP
(Post-FFT FOC)

	Case 1
	1T2R
	120KHz,
200MHz
	B
	10
	16
	1+0
	7.2
	9.7

	Case 2
	1T2R
	120KHz,
200MHz
	B
	10
	16
	1+1 (0,8)
	7.1
	9.5

	Case 3
	1T2R
	120KHz
200MHz
	B
	10
	16
	1+1+1(0.4.8)
	7.1
	9.5

	Case4
	1T2R
	120KHz
200MHz
	B
	10
	17
	1+0
	7.9
	11.1

	Case 5
	1T2R
	120KHz
	B
	10
	17
	1+1 (0.8)
	7.6
	10.7

	Case 6
	1T2R
	200MHz
	B
	10
	17
	1+1 (0,4,8)
	7.9
	10.9

	Case 7
	1T2R
	120KHz
	B
	10
	18
	1+0
	8.4
	12.1

	Case 8
	1T2R
	200MHz
	B
	10
	18
	1+1 (0.8)
	8.4
	11.9

	Case 9
	1T2R
	120KHz
	B
	10
	18
	1+1 (0,4,8)
	8.3
	11.7

	Case 10
	1T2R
	120KHz
200MHz
	B
	10
	19
	1+0
	9.6
	14.5

	Case 11
	1T2R
	120KHz,
200MHz
	B
	10
	19
	1+1 (0.8)
	9.2
	13.8

	Case 12
	1T2R
	120KHz,
200MHz
	B
	10
	19
	1+1 (0,4,8)
	9.5
	14.4

	Case 13
	1T2R
	120KHz
200MHz
	B
	10
	20
	1+0
	10.4
	17.7

	Case 14
	1T2R
	120KHz
200MHz
	B
	10
	20
	1+1(0,8)
	10.3
	17.2

	Case 15
	1T2R
	120KHz
200MHz
	B
	10
	20
	1+1+1(0,4,8)
	10.4
	17.5



Table 3-2:  Initial results for different MCS level for scenario B with Bi-directional deployment scenario (Ds=700m, Dmin=150m), 120KHz SCS, 50MHz CBW
	Test Case
	Tx/Rx
	SCS&BW
	Mapping type
	Symbol length
	MCS
(64QAM)
	DMRS configuration
	SNR@70 of TP (Pre-FFT FOC)
	SNR@70 of TP
(Post-FFT FOC)

	Case 1
	1T2R
	120KHz,
50MHz
	B
	10
	16
	1+0
	7.4
	10.0

	Case 2
	1T2R
	120KHz,50MHz
	B
	10
	16
	1+1 (0,8)
	7.1
	9.5

	Case 3
	1T2R
	120KHz, 50MHz
	B
	10
	16
	1+1+1(0.4.8)
	7.1
	9.4

	Case4
	1T2R
	120KHz
50MHz
	B
	10
	17
	1+0
	8.0
	11.3

	Case5
	1T2R
	120KHz,
50MHz
	B
	10
	17
	1+1 (0.8)
	7.6
	10.5

	Case6
	1T2R
	120KHz
50MHz
	B
	10
	17
	1+1+1 (0,4,8)
	7.7
	10.7

	Case7
	1T2R
	120KHz
50MHz,
	B
	10
	18
	1+0
	8.6
	12.2

	Case8
	1T2R
	120KHz
50MHz
	B
	10
	18
	1+1 (0.8)
	8.5
	12.1

	Case9
	1T2R
	120KHz,
50MHz
	B
	10
	18
	1+1 +1(0,4,8)
	8.2
	11.6

	Case 10
	1T2R
	120KHz
50MHz
	B
	10
	19
	1+0
	9.7
	14.7

	Case 11
	1T2R
	120KHz
50MHz
	B
	10
	19
	1+1 (0.8)
	9.5
	14.2

	Case 12
	1T2R
	120KHz
50MHz
	B
	10
	19
	1+1 +1(0,4,8)
	9.2
	13.7

	Case 13
	1T2R
	120KHz
50MHz
	B
	10
	20
	1+0
	10.6
	18.3

	Case 14
	1T2R
	120KHz
50MHz
	B
	10
	20
	1+1(0,8)
	10.5
	17.8

	Case 15
	1T2R
	120KHz,
50MHz
	B
	10
	20
	1+1+1(0,4,8)
	10.5
	17.9



In general, MCS 16 is specified for PUSCH requirement in FR1 HST.  Based on our results, both Post-FFT FOC and Pre-FFT FOC are feasible, meanwhile, the performance different is around 2dB. Also, the performance gap for MCS16 among companies is the smallest.

For MCS 17 to MCS20, the large gap can be existed for two kinds of FOE implementation.  Also, the performance gap among companies is lager

Since RAN4 is to define minimum requirement, to verify the basic baseband processing, MCS16 can be considered for requirement with considering small gap between two kinds of implementation, and smallest span among companies.

Observation 5:  Small performance gap between two kinds of FOC implementation methods for MCS 16 and MCS 17, around 2 or 3 dB difference between post-FFT and pre-FFT FOC methods for MCS 16 and MCS17.
Observation 6: Around 7dB difference between post-FFT and pre-FFT FOC methods for MCS 20
Proposal 2:  RAN4 apply only MCS 16 for PUSCH requirement with FR2 HST
4	Conclusion
In this contribution, the view on the PUSCH requirement for Rel-17 FR2 HST is provided. Meanwhile, the initial simulation results with different MCS level are provided to check the feasibility of high modulation order in HST with different FOC methods.
Observation 1:  The overhead of 1DMRS +PTRS (L=1, K=2) configuration is the smallest compared with other RS configuration schemes.
Observation 2:  Similar performance can be achieved for 2 DMRS configuration and 3 DMRS configuration.
Observation 3:  Existing Rel-15 test applicability rule and BS manufacture with different RS configuration cannot guarantee Rel-17 FR2 HST BS test with more than 2 DMRS configuration.
[bookmark: _GoBack]Observation 4: The test is clearly defined non-HST scenario in Rel-15, in case both options (i.e., pos 0 and pos 1) are declared to be supported, the tests shall be done for pos 1
Proposal 1:  FR2 HST PUSCH requirement test shall apply only for the additional DM-RS position declared to be supported. If more than one DMRS configuration is declared to be supported, the test shall be done for the minimum number of DMRS supported
Proposal 2:  RAN4 applies the following manufacturer on HST FR2 DM-RS supported  
	D.1XX
	PUSCH additional DM-RS positions
	Declaration of the supported additional DM-RS position(s) for FR2 high speed train scenario, i.e., {pos0},{pos1},{pos2},{pos0,pos1}, {pos0 pos1}, {pos0,pos2}, {pos1,pos2} and all
	n/a
	n/a
	x



Observation 5:  Small performance gap between two kinds of FOC implementation methods for MCS 16 and MCS 17, around 2 or 3 dB difference between post-FFT and pre-FFT FOC methods for MCS 16 and MCS17.
Observation 6: Around 7dB difference between post-FFT and pre-FFT FOC methods for MCS 20
Proposal 2:  RAN4 apply only MCS 16 for PUSCH requirement with FR2 HST
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