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1	Introduction
In RAN  Plenary#89-e, the RAN4-led work item of NR support for high speed train (HST) scenario in FR2 has been approved [RP-202118]. The work plan for performance part was agreed as follows
	-RAN4#98-bis-e: April.12th-20th, 2021
· Demodulation
· Discuss and identify potential impact on BS/UE performance requirements 
· Discuss channel models to be adopted for UE/BS demodulation tests
· Agree initial simulation assumptions for BS, UE demodulation tests



Based on the work plan, this meeting is the first meeting to discuss on the performance part of Rel-17 FR2 HST. In this contribution, the overviews on BS demodulation performance is provided
2	Discussion
During Rel-16 FR1 HST WI, RAN4 has specified the following BS demodulation requirements as
· PUSCH requirement with targeting 350 km/h and 500 km/h for both open space scenario and tunnel scenario
· PUSCH requirement with high Doppler value
· UL timing adjustment requirement with different scenarios.
· PRACH requirement with format 0 under restricted set type A and type B, and short sequence formats with A2, B4 and C2.

In this section, the general scope of FR2 HST BS modulation is analyzed.
2.1 Requirement of PUSCH
2.1.1 PUSCH requirement with HST single tap
Channel model 
The single tap scenario can be regard to a general HST deployment, the purpose is to verify the receiver proper frequency tracking in high mobility conditions.
For UL,   only single tap is available for each RRH, since there is no multiple RRH combination assumption. In Rel-16 NR FR1 HST WI.  RAN4 has specified the PUSCH requirement with HST single tap for both open space and tunnel scenario targeting different UE velocity. 
For FR2, it is straightforward that the PUSCH requirement with single tap channel model should be specified.
Based on RRH deployment scenario, currently both bi-directional scenario and uni-directional scenario are feasible from the beam coverage analysis. The Doppler shift trajectory will slightly different for these two scenarios as 
	Bi-directional scenario 
	Uni-directional scenario

	[image: ]
(v=350km/h, fd_max=19444Hz, @30GHz)
	[image: ]
(v=350km/h, fd_max=19444Hz, Ds_offset =41+Ds @30GHz, the train moving direction is face to the RRH beam direction)



Figure 2: The Doppler shift trajectory for two RRH deployment scenarios
From the demodulation perspective, there is no different receiver processing foreseen. Based on our initial simulation, similar performance can be achieved. If both scenarios are introduced for PUSCH requirements, some test applicability rule should be considered to reduce the test effort. Only one of them will be selected for test bases on the manufacturer of declaration. 
For the detailed channel modeling to be used for performance requirement, it is strightforward to be derived based on the FR1 counterpart, while also taking FR2 analog beamforming and beam management into account. The details of channel model for these two scenarios can be based on the output of discussion 
Proposal 1:  Define PUSCH requirement with HST single tap channel model. Further discussion the test applicability rule of requirement for two RRH deployment scenario if needed.
Open space & tunnel scenario 
Both open space scenario and tunnel scenario have been considered in LTE and NR FR1 HST WI for PUSCH requirements. In the last meeting, it was agreed to study tunnel scenario after the prioritized scenarios A and B. 
Regarding the tunnel scenario, the feasibility of this deployment is needed to be investigated.  Therefore, we prefer to focus on the PUSCH requirement with open space scenario firstly. 
Proposal 2:  Focus on the PUSCH requirement with open space scenario firstly


Maximum Doppler frequency 
Regarding the max Doppler frequency, it should be determined based on operation frequency, velocity and Rel-15/16 deign limitation for all UL/DL physical channels.  In the last meeting, in order to check the feasible supported speed, two candidate maximum support speeds are considered for evaluation based on different RS configurations as 
	- Candidate maximum speed values to be evaluated 
· 260km/h
· 350km/h
· Other options if identified



Generally, the frequency shifts caused by the UE speed in the uplink will be two times of the Doppler shifts in the downlink. Therefore, the bottleneck for UE speed shall be the uplink. 
Based on our initial simulation results, it is feasible to support 350km/h UE speed for UL with PTRS configured. Therefore, we suggest to determine the maximum Doppler frequency based on the UE velocity of 350km/h, where related maximum Doppler frequency for UL is 19444Hz
Proposal 3:  For 120 KHz SCS, it is feasible to use the maximum Doppler frequency as 19444Hz for PUSCH requirement.

Test set up
As for test setup for PUSCH requirement, we prefer to use the simulation assumption as
Proposal 4:  The following simulation assumption for PUSCH requirement with HST single tap setup can be considered as 
· Waveform:  CP-OFDM
· SCS&BW: 120 KHz SCS, 100 MHz
· RS Configuration:  1 DMRS symbol+ PTRS (L=1, K=2)
· Resource mapping type: type B
· Length of data symbol: 9
· MCS: 16
· Antenna configuration: 1Tx 2Rx low


2.1.2 Requirement of UL timing adjustment
As for the requirements of moving propagation scenario, in Rel-16 FR2 HST WI, RAN4 has specified the requirements of UL timing adjustment with define the following condition as 


Where the timing different between moving UE and stationary UE is equal to Δτ - (TA 31)16Ts.. The relative timing among all taps is fixed, where 


For the test, two signals are configured, one being transmitted by a moving UE and the other being transmitted by a stationary UE. Three scenarios are defined
	Parameter
	Scenario X
	Scenario Y
	Scenario Z

	Channel model
	Stationary UE: AWGN
Moving UE: TDLC300-400
	Stationary UE: AWGN
Moving UE: AWGN
	Stationary UE: AWGN
Moving UE: AWGN

	UE speed
	120km/h
	350 km/h
	500 km/h

	CP length
	Normal
	Normal
	Normal

	A
	15 kHz: 10 s
30 kHz: 5 us
	15 kHz: 10 us
30 kHz: 5 us
	15 kHz: 10 us
30 kHz: 5 us

	
	15 kHz: 0.04 s-1
30 kHz: 0.08 s-1
	15 kHz: 0.13 s-1
30 kHz: 0.26 s-1
	15 kHz: 0.13 s-1
30 kHz: 0.26 s-1



For FR2 HST scenario, UE is switching serving beam, source and target beams have very different propagation delays, and the change in timing may exceed a cyclic prefix. 
Therefore, it is necessary to verify the BS receiver processing about UL timing adjustment. As for practical parameters, such as A, delta, subframes in which PUSCH is transmitted, PUSCH resource allocation and SRS allocation schemes, should be further investigated.
Observation 1:  PUSCH requirement with UL timing adjustment can be considered.

2.2 Requirement of PRACH
Based on the WID, the target applicable frequency is up to 30GHz, the candidate frequency bands including n261, n257 and n258.  With targeting 30GHz carrier frequency, the maximum Doppler value can be up to 19.4 KHz for uplink.
Similar as FR1, for high speed train scenario, it will have impact on the PRACH performance. Given that only considering 120 KHz SCS as baseline assumption, theoretically, PRACH short sequence with 120 KHz SCS can cover half of subcarrier spacing, i.e, 60 KHz. Therefore, there is no limitation for PRACH to support larger Doppler value as 19.4 KHz.
Observation 2:  No limitation for PRACH to support 350km/h velocity with carrier frequency 30GHz 
In FR1, RAN4 has defined the PRACH performance with short sequence formats with A2, B4 and C2. Meanwhile, the test applicability rule for PRACH requirement tests has been defined, based on the declaration of manufacturer. 
For FR2, only short sequence formats are available. The following table is provided the coverage supported for each short sequence formats. Among all of them, format C2 has the largest cell coverage.  
	Format
	

	

	

	

	Coverage(m) (15KHz)
	Use case

	[bookmark: _Hlk494194986]A1
	139
	

	

	

	938
	Small cell

	A2
	139
	

	

	

	2109
	Normal cell

	A3
	139
	

	

	

	3516
	Normal cell

	B1
	139
	

	

	

	469
	Small cell

	B2
	139
	

	

	

	1055
	Normal cell

	B3
	139
	

	

	

	1758
	Normal cell

	B4
	139
	

	

	

	3867
	Normal cell

	C0
	139
	

	

	

	5300
	Normal cell

	C2
	139
	

	

	

	9200
	Normal cell



Based on the deployment scenario discussion, the Ds between each RRH is about 700m in both scenario A and scenario B.  With 120 KHz SCS, the coverage of format C2 is scaled as 1.15km, while for other formats A or B, the support coverage is less than 700m.
Therefore, to guarantee the performance of random access, format C2 should be considered for FR2 HST deployment.  Regarding the frequency offset setting for PRACH requirement, we prefer to align the maximum Doppler value assumption for PUSCH. For other test parameters of PRACH, we can reuse the same assumption of FR1 HST for short sequence format.

Proposal 5:  For PRACH with short sequence format, only define the performance requirement for format C2 in Rel-17 FR2 HST WI. 
Proposal 6:  Set frequency offset as 19444Hz for PRACH format requirement to align the Doppler shift assumption of PUSCH
Proposal 7: Reuse the following test parameters for PRAH format requirement 
	PRACH 
	PRACH SCS 
	Time error tolerance

	preamble
	(kHz)
	AWGN

	C2
	120
	0.26us



	PRACH preamble 
	SCS (kHz)
	Ncs
	Logical sequence index
	v

	C2
	120
	69
	0
	0

	
	
	
	
	



2.3 Requirement of PUCCH
Similar as PUSCH, DMRS symbol in PUCCH can be used for frequency offset tracking.  NR designs 5 kinds of PUCCH formats for different length of payload.  As for PUCCH format 1 and format 3, the gap of two DMRS is 2, the maximum Doppler estimation capability is 28000Hz, which can cover the Doppler as 19444Hz targeting 350km/h@28GHz. Therefore, PUCCH is not the bottleneck of UL. 
Proposal 8: No PUCCH requirement for HST scenario 

3	Conclusion
In this contribution, the view of BS performance requirements for FR2 HST is provided
PUSCH requirements:
Proposal 1:  Define PUSCH requirement with HST single tap channel model. Further discussion the test applicability rule of requirement for two RRH deployment scenario if needed.
Proposal 2:  Focus on the PUSCH requirement with open space scenario firstly
Proposal 3:  For 120 KHz SCS, it is feasible to use the maximum Doppler frequency as 19444Hz for PUSCH requirement.
Proposal 4:  The following simulation assumption for PUSCH requirement with HST single tap setup can be considered as 
· Waveform:  CP-OFDM
· SCS&BW: 120 KHz SCS, 100 MHz
· RS Configuration:  1 DMRS symbol+ PTRS (L=1, K=2)
· Resource mapping type: type B
· Length of data symbol: 9
· MCS: 16
· Antenna configuration: 1Tx 2Rx low

Observation 1:  PUSCH requirement with UL timing adjustment can be considered.
PRACH requirements:
Observation 2:  No limitation for PRACH to support 350km/h velocity with carrier frequency 30GHz 
Proposal 5:  For PRACH with short sequence format, only define the performance requirement for format C2 in Rel-17 FR2 HST WI. 
Proposal 6:  Set frequency offset as 19444Hz for PRACH format requirement to align the Doppler shift assumption of PUSCH
Proposal 7: Reuse the following test parameters for PRAH format requirement 
	PRACH 
	PRACH SCS 
	Time error tolerance

	preamble
	(kHz)
	AWGN

	C2
	120
	0.26us



	PRACH preamble 
	SCS (kHz)
	Ncs
	Logical sequence index
	v

	C2
	120
	69
	0
	0

	
	
	
	
	



PUCCH requirements
Proposal 8: No PUCCH requirement for HST scenario 
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