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1	Introduction
During the last RAN4#92 meeting, the general issues about the BS demodulation requirements under high speed scenario were discussed.  Some agreements are captured in the WF [1].
In this contribution, we present our views on the remaining issues and assumptions.
2	Discussion
2.1	Performance requirements for PUSCH  
In this section, the view on HST requirements is presented with serval aspects
a) Optional or Mandatory

Similar with LTE, the BS performance requirement should be optional since the necessity of the requirement depends on BS deployment.
Proposal 1: The BS performance requirements under HST scenario are optional and only applicable for BS supporting HST.
b) Channel model 

In the last meeting, similar with LTE, the requirement for both tunnel channel model and open space under 350km/h and 500km/h are agreed to be specified. The open issue is for values of D_s and D_min with following two options under 350km/h and 500km/h in the open space scenario
	- option 1: (1000m, 50m)
- option 2: (700m, 150m)



where Ds/2 is the initial distance of the train from BS, and D_min is BS-Railway track distance. These two parameters combined with velocity of the train will impact on the variation tendency of Doppler value and cosine angle, which is calculated with by 
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Option 1 is same with LTE. Generally, these two parameters shall be based on practical deployment. It should be different based on region regulation.  Considering NR deploys higher carrier frequency compare with LTE. In terms of cell radius, it should be smaller than LTE. Meanwhile, with target 500km/h, theoretically, long track distance is benefit for Doppler estimation to reduce the impact of high Doppler. Similar with LTE, the track distance is 20m with 300km/h, while the track distance is 50ms with 350km/h.
Hence, if there is no detail description of the HST scenario deployment provided by operator, to minimum the number of test, in our view, we prefer to use option 1 (1000ms, 50m) for 350km/h, and option 2 (700m, 150m) for 500km/h.
Proposal 2: For HST open space scenario, option 1 (1000m, 50m) should be considered with targeting 350km/h, option 2(700ms, 150ms) should be considered with targeting 500km/h.
c) [bookmark: OLE_LINK3][bookmark: OLE_LINK4]SCS & BW, and Waveform

In the last meeting, as SCS and BW, the following is agreed as
	[bookmark: OLE_LINK9][bookmark: OLE_LINK10]- CP-OFDM
· 15KHz
· Option 1: 5/10/20MHz
· Option 2: 20MHz
· Option 3: 10MHz
· 30KHz
· Option 1: 10/20/40/100MHz
· Option 2: 40MHz
· Option 3: 10MHz
- DFT-s-OFDM (if agreed to be introduced)
· Option 1
· 5MHz/15KHz
· 10MHz/30KHz
· Option 2: 10MHz/30KHz



Generally, the Doppler estimation method is processed by the autocorrelation with Maximum likelihood method between two DMRS symbol. The number of available DMRS is more in large channel bandwidth for the given SCS, which can improve the accuracy of Doppler tracking. 
	Channel Bandwidth [MHz]
	Cyclic prefix
	FRC
(Annex A)
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and correlation matrix (Annex B)
	Fraction of maximum throughput
	SNR
[dB]

	1.4
	Normal
	A3-2
	1
	2
	HST Scenario 1 Low
	30%
	-3.9

	
	
	
	
	
	
	70%
	-0.6

	3
	Normal
	A3-3
	1
	2
	HST Scenario 1 Low
	30%
	-4.5

	
	
	
	
	
	
	70%
	-1.0

	5
	Normal
	A3-4
	1
	2
	HST Scenario 1 Low
	30%
	-5.1

	
	
	
	
	
	
	70%
	-1.4

	10
	Normal
	A3-5
	1
	2
	HST Scenario 1 Low
	30%
	-5.4

	
	
	
	
	
	
	70%
	-1.5

	15
	Normal
	A3-6
	1
	2
	HST Scenario 1 Low
	30%
	-5.2

	
	
	
	
	
	
	70%
	-1.4

	20
	Normal
	A3-7
	1
	2
	HST Scenario 1 Low
	30%
	-5.3

	
	
	
	
	
	
	70%
	-1.4



As observed in existing LTE requirement for HST, there is no obvious difference for 5MHz to 20MHz, while 1.4 MHz and 3MHz, due to no enough DMRS samples, the performance has a little worse than 5MHz to 20MHz. Hence, we expect the requirements should be similar for 5MHz to 20MHz with 15KHz SCS, 10 MHz to 100 MHz with 30KHz SCS. 
On the other hand, based on current agreement, the HST requirements with the target velocity 350 km/h and 500km/h will be specified, the test cases will be double. Hence, to minimum the number of test, in our view, we prefer to only specify one BW requirement for each SCS.  
Considering most of operation bands in FR1 can support 10MHz in 15 KHz and 30 KHz. 15 KHz with 10MHz and 30 KHz with 10MHz can be considered as the requirement of PUSCH under HST for CP-OFDM waveform. As for DFT-s-OFDM waveform, considering small number of RB will be scheduled to guarantee certain link budget performance, 5 MHz/15KHz and 10MHz/30KHz is preferred if the requirement of DFT-s-OFDM will be defined.
Consider the requirement with DFT-s-OFDM is similar with CP-OFDM, in our view, we propose to define the HST requirement for CP-OFDM firstly.
Proposal 3: For SCS&BW combination, the following should be considered for HST requirement.
CP-OFDM
· 15KHz and 30KHz
· 10MHz
-DFT-s-OFDM (if agreed to be introduced)
· 5MHz/15KHz
· 10MHz/30KHz
Define the HST requirement for CP-OFDM firstly

d) Reference signal 
As for Reference signal, the following is agreed as 
	- Option 1: DMRS (baseline)
- Option 2: DMRS+PTRS
· Option 1: 1+1 DMRS+ PT-RS L=1 or 2
· Other options are not precluded



Based on UE feature list, DMRS configuration with supporting up to 2 additional DMRS symbols is mandatory without capability signaling for signaling, while for PT-RS configuration is optional with signaling in FR1. In case of the UE does not support PT-RS configuration, how can combat the high Doppler. So, we propose that the requirement of NR HST should focus on the UE mandatory feature.
Observation 1: In terms of UE feature list, PT-RS configuration in FR1 is optional with signaling feature.
From RAN1 design, the motivation of PT-RS configuration is mainly to estimate and compensate the impact of phase noise under high carrier frequency. The configuration of PT-RS in time and frequency density as follows：
	Scheduled MCS
	
Time density()

	IMCS < ptrs-MCS1 
	PT-RS is not present

	
ptrs-MCS1  IMCS < ptrs-MCS2
	4

	
ptrs-MCS2  IMCS < ptrs-MCS3
	2

	
ptrs-MCS3  IMCS < ptrs-MCS4
	1



	Scheduled bandwidth
	
Frequency density ()

	NRB < NRB0
	PT-RS is not present

	
NRB0  NRB < NRB1
	2

	
 NRB1  NRB 
	4



Normally, if configured PTRS for Doppler tracking, in order to achieve better Doppler estimation performance, time density with L_PT-RS =1  and frequency density with K_PT-RS =2 should be configured. Hence, the available RE for PT-RS is 6 for each RB in averaged. As agreed the number of DM-RS CDM group (s) without data is 2, the actual RE used for DMRS transmission is also 6 for each RB. So, compared with 3 DMRS, the overhead is not so critical. Meanwhile, 3 DMRS symbols have already used for Mag3 transmission.    
Observation 2: The overhead for 3 DMRS configuration is no so critical compared with 2 DMRS + PR-RS configuration with (L_PT-RS=1 and K_PT-RS=2). 
Although PT-RS has high time density, which may have better frequency offset tracking ability, the channel interpolation on the data symbols can still base on DMRS channel estimation. In that sense, the bottleneck is limited by the distance of DMRS symbols. 
Proposal 4: only configured DMRS is considered for PUSCH requirement under HST scenario.
e) Antenna configuration
As for antenna configuration, the following is agreed 
	- Antenna configuration
· 1x2 as baseline for antenna configuration 
· FFS on the other configuration



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, only 1x2 antenna configurations was specified with considering test effort. Since the test purpose is to verify the HST function, in our view, we do not need to test all the antenna configurations. Meanwhile, the testability of different antenna configuration was already defined. Similar with LTE, we prefer to only specify the requirement with 1x2 antenna configuration.
Proposal 5:  Only specified the PUSCH HST requirement with 1x2 antenna configuration.
f) DMRS configuration
As for DMRS configuration, the following is agreed as 
	- For 350km/h targeting velocity, DMRS 1+1+1 (type 1, single-symbol DMRS)
- For 500km/h targeting velocity, FFS on the following DMRS patterns
· Option 1: 1+1+1( type 1, single-symbol DMRS)
· Option 2: 2+2 (type 1, double-symbol DMRS)



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. Obviously, in order to support high speed scenario, more DMRS symbols should be configured for Doppler tracking. 
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 with symbol length 14 for type A resource allocation
	DMRS configuration
	SCS (KHz)
	Interval of RS
	Frequency Offset range

	NR 1+1 (2,11)
	15
	0.64ms
	+/- 778Hz

	NR 1+1 (2,11)
	30
	0.32ms
	+/-1563Hz

	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

	NR 1+1+1+1 (2,5, 8,11)
	15
	0.214ms
	+/-2333Hz

	NR 1+1+1+1 (2,5, 8,11)
	30
	0.107ms
	+/-4673Hz

	NR 1+1+1+1 (2,3,10,11)
	15
	{0.07ms, 0.5ms}
	{+/- 7142Hz, +/-2000Hz}

	NR 1+1+1+1 (2,3,10,11)
	30
	{0.035ms, 0.25ms}
	{+/-14285Hz, +/-4000Hz}



Considering the current agreed maximum Doppler value with 30 KHz SCS and 15KHZ, 3 DMRS configuration can survive. Hence, we can accept for option1 with 3 DMRS configuration, if there is no higher Doppler value considered.
Proposal 6:  3 DMRS configuration can be considered for requirement of HST based on current maximum Doppler shift.

g) Duplex modem 

Similar with requirement for normal PUSCH, both TDD and FDD duplex are specified. Considering 15KHz SCS is targeting with 2.1 GHz, it should be FDD band, while 30KHz SCS is targeting with 3.6Hz for TDD. 
In terms of the target SNR for 70%TP, the performance has not obvious difference for different TDD configurations. Hence, we prefer to reuse the existing TDD configuration as 7D1S2U (S=6D: 4G: 4U) for 30KHz SCS.
Proposal 7:  Reuse the existing TDD configuration as 7D1S2U (S=6D:4G:4U) in 30KHz SCS for PUSCH HST requirements.
h) Measurement Channel  

PUSCH is considered as the measurement channel to specify the BS performance for HST.  In LTE, excepting for PUSCH, the need of configurations of PUCCH and Sounding RS was investigated. In the table, the distance and expected maximum measurable frequency offset for each Reference 
	
	Distance
	Measurable Frequency Offset

	PUSCH
	0.5ms
	1000Hz

	PUCCH (format 2)
	0.285ms
	1752Hz

	SRS 
	1.0ms
	500Hz



It is verified that PUCCH (format2) is suitable for frequency offset estimation, and is included in the test model of HST. Although the PUCCH configuration is specified in existing LTE HST test configuration, however, it should be depend on BS implementation which method BS use to estimate frequency offset, i.e, the test configuration shall no mandate a specific method. As indicated, the PUCCH configuration (format 2) is optional.
Observation 3:  Both PUSCH and PUCCH configuration are included for parameters with High speed train. PUCCH format2 configuration is optional. 
Similar with LTE, a general question is whether other channels should be considered in the test model?
For NR, there are 5 kinds for PUCCH formats with targeting large payload and small payload. Based on the DMRS configuration in time domain allocation, format 1, 3 and 4 can also have the ability for frequency offset estimation. 
For format1, there are 7 DMRS symbols transmitted based on the orthogonal sequence in the time domain, which can support multiple UE multiplexing.
Although it has high density for DMRS, only 1 RB can be allocated. To some extent, the accuracy of frequency offset estimation is impacted due to insufficiency DMRS symbols in Frequency domain.
For format 3 and 4, both without additional DMRS and with additional DMRS configuration can be supported. For full 14 symbols scheduled, the DMRS position is {1, 5, 8, 12}. The distance is larger than DMRS structure in PUSCH. Hence, it is expected that DMRS in PUSCH can have the maximum measurable frequency offset.
As for SRS, NR can support up to four continuous symbols configured, which starts from the last 4th symbol.  The SRS transmission should be satisfied as


The periodicity can be configured with {1,2,4,5,8,10,16,20,32,40,64,80,160,320,6401280,2560} slots. Generally, the measured frequency should be filtered in order to improve measurement accuracy. However, the filtering will delay the measurement and it may induce tracking error when the frequency changes rapidly. In order to guarantee a certain throughput and reduce the SRS measurement resource, the periodicity of SRS transmission cannot be configured small. Due to the frequency change rate is very rapid, there will be some measurement delay existing.  
Normally, for practical frequency offset estimation, it should depend on the BS implementation. Since the purpose is to verify the performance impact of PUSCH under high speed train, in our view, there is no necessary to include other channels in the test model for high speed train.
Proposal 8:  Only PUSCH as measurement channel is included in the test model for High Speed train. 

i) L0 for PUSCH mapping type A

Two kinds of l0 position can be supported with l0=2 and l0=3. In terms of implementation point view, a front-loaded DMRS can help decoding latency by obtaining a fast channel estimate and performing sequential decoding of frequency-first mapped code blocks. In order to keep align with normal PUSCH requirement, in our view, we prefer to option 2.
Meanwhile, the initial results are provided for comparing the performance gap between twos options as follows:
	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 



As indicated by our result, option2 with l0=2 has slightly better performance than option 1 with l0=3.
Proposal 9:  L0 =2 is preferred for PUSCH mapping type A, in terms of performance and obtaining a fast channel estimation.

2.2	Performance requirements for High Doppler Shift
As for the high Doppler value with multipath fading channel, the requirements for PUSCH under TDLA30-10Hz, TDLB100-400Hz, and TDLC300-100 Hz were specified in current NR Rel-15 spec in FR1. The maximum Doppler value is 400Hz, which is related with UE 120km/h velocity @3.6G carrier frequency. It should be typical scenario in FR1 deployment for high Doppler scenario.
Compared with LTE, the requirement of PUSCH requirement under high Doppler scenario with ETU70Hz, ETU200Hz (120km/h@2GHz), ETU300Hz (150km/h@2GHz), ETU600Hz (300km/h@2G), were specified.
The requirement of ETU70Hz and ETU300Hz, targets all bandwidth with 1T/2Rx, 4Rx, 8Rx for 1 PRB requirement with QPSK under coding rate 1/3; the requirement of ETU200Hz, targets with eMTC scenario. For high speed scenario, the requirement of ETU600Hz, targets with 1Tx/4Rx with 16QAM under coding rate 1/2 was specified, considering it would be relative easy for uplink to use more than 2Rx for better tracking and channel estimation performance.
The requirements are only applicable for BS supporting ETU600Hz. There is not requirement under 2Tx configuration.  
Observation 4:  For high speed scenario, LTE is only specified the PUSCH requirement under ETU600Hz for high speed scenario.
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. 
It is straight forward that more DMRS symbols should be configured for combating high Doppler impact under the fading channel. Base on existing requirement with high Doppler value for 400Hz, DMRS with 1+1 structure is configured.
Based on the latest spec, the minimum requirements for PUSCH with 1+1 DMRS configuration, time domain allocation scheme, antenna configuration, in  FR1 are summarized as follows tables:
Table 2, minimum requirements of PUSCH, type A, 5 MHz channel bandwidth, 15KHz SCS
	Number of Tx
	Number of Rx
	SCS BW
	MCS 
	Wave form
	DMRS configuration
	Resource allocation
	SNR
(dB)(70%)

	1

	2
	15KHz, 5MHz
	MCS2
	CP-OFDM
	1+1
	Type A
	[-2.2]

	
	2
	15KHz, 5MHz
	MCS16
	CP-OFDM
	1+1
	Type A
	[10.2]

	
	2
	15KHz, 5MHz
	MCS20
	CP-OFDM
	1+1
	Type A
	[12.6]

	
	4
	15KHz, 5MHz
	MCS2
	CP-OFDM
	1+1
	Type A
	[-5.8]

	
	4
	15KHz, 5MHz
	MCS16
	CP-OFDM
	1+1
	Type A
	[6.4]

	
	4
	15KHz, 5MHz
	MCS20
	CP-OFDM
	1+1
	Type A
	[9.0]

	
	8
	15KHz, 5MHz
	MCS2
	CP-OFDM
	1+1
	Type A
	[-8.6]

	
	8
	15KHz, 5MHz
	MCS16
	CP-OFDM
	1+1
	Type B
	[3.1]

	
	8
	15KHz, 5MHz
	MCS20
	CP-OFDM
	1+1
	Type B
	[5.9]

	2

	2
	15KHz, 5MHz
	MCS2
	CP-OFDM
	1+1
	Type B
	[0.6]

	
	2
	15KHz, 5MHz
	MCS16
	CP-OFDM
	1+1
	Type B
	[18.2]

	
	4
	15KHz, 5MHz
	MCS2
	CP-OFDM
	1+1
	Type B
	[-2.7]

	
	4
	15KHz, 5MHz
	MCS16
	CP-OFDM
	1+1
	Type B
	[10.6]

	
	8
	15KHz, 5MHz
	MCS2
	CP-OFDM
	1+1
	Type B
	[TBD]

	
	8
	15KHz, 5MHz
	MCS16
	DFT-s-OFDM
	1+1
	Type A
	[6.4]



From this table, we can observe that for 2Tx configuration even with 100Hz, the target SNR with MCS16 for 2T2R is very high, and close to the limitation of test. For other SCS and channel bandwidth combination cases, the requirement has similar conclusion 
With High Doppler value, such as existing 400Hz, it is expected that there is large performance loss. Similar with LTE, we think there is no necessary for high Doppler requirement under 2T antenna configuration, considering the inter-layer interference will be more seriously due to inaccuracy channel estimation impacted by high Doppler.
Observation 5: For 2Tx configuration even with 100Hz, the target SNR with MCS16 for 2T2R is very high, chose to the limitation of test. 2Tx is not feasible for the requirements with high Doppler scenario.
For 1Tx configuration, the feasibility of requirement with large MCS order under existing 400Hz Doppler value, such as MCS 16 and MCS 20, should be investigated. Meanwhile, for more than 400Hz Doppler value, whether the requirement can be acceptable based on existing DMRS configuration should be also further investigated.
Considering the target of requirements of PUSCH single tap channel, PRACH restricted set A/B and PUSCH for UL timing adjustment should be finalized by Dec.2019 based on the objective of WI, hence, we prefer to focus on the PUSCH requirements with HST scenario firstly and deprioritize the PUSCH requirements with multi-path fading channel under high Doppler value.
Proposal 10:  Focus on the PUSCH requirements with HST scenario firstly and deprioritize the PUSCH requirements with multi-path fading channel under high Doppler value.

2.3	Performance requirements for UL timing adjustment  
a) Background
As for the requirements of moving propagation scenario, LTE specified the requirements of UL timing adjustment with define the following condition


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 

A is the 2 times of short CP length, and  can be calculated with differentiating the above equation as

Similar as LTE, the following test scenarios are proposed for requirements for UL timing adjustment in NR 
	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
	120 km/h
	350 km/h
	500km/h

	CP length
	Normal
	Normal
	Normal

	A
	10 *15/SCS s
Where SCS is subcarrier spacing in kHz
	10*15/SCS s
Where SCS is subcarrier Spacing in kHz
	10*15/SCS us
Where SCS is subcarrier Spacing in kHz

	
	0.04 s-1
	0.13 s-1
	0.18 s-1



For the test, two signals are configured, one being transmitted by a moving UE and the other being transmitted by a stationary UE.  Meanwhile, the received power and the number of RBs for the first UE are same as for the second UE.
In the test, the BS sends TA commands and signal generator adjusts the timing on the basis of these commands. Two aspects are considered in UL timing adjustment:
· whether BS could estimate appropriate UL transmission timing in multi-path conditions
· whether BS could send TA commands with appropriate frequency
It would depend on BS implementation and could not be mandated how BS estimate appropriate UL timing and how often BS send TA commands.
b) Test scenario 
	
There are three test scenarios proposed in last meeting. Scenario X is for normal condition, in which channel is TDLC300-400Hz and UE speed is 120km/h, the others are extreme condition with high speed train (350km/h and 500km/h). As indicated in LTE 104 spec, the performance requirements for scenario 2 are optional. In that sense, we propose to specify the UL timing adjustment requirement with scenario X firstly 
Meanwhile, the intention of the tests is to verify the timing aspect, there is no Doppler shift taken into account. So, the requirement with extreme condition with one velocity should be enough. In order to reduce the number of test,   we propose that no need to define requirement with both 350km/h and 500km/h for UL timing adjustment.
Proposal 11:  Specify the UL timing adjustment requirement with scenario X with firstly. NO need to define UL timing requirement for both 350km/h and 500km/h, down selection one of extreme condition with 350km/h or 500km/h for UL timing adjustment requirement if needed.
c) Reference signal
UL transmission timing is controlled based on uplink physical signals, such as Demodulation RS in PUSCH, Sounding RS and Demodulation RS in PUCCH. As indicated in the spec, PUSCH and Sounding RS are transmitted in the test configuration, where the transmission of SRS is optional. In our view, the transmission of SRS can be considered as baseline, but it should be not mandated for BS implementation.
Proposal 12:  Transmission of SRS could be considered in test configuration of UL timing adjustment, and it shall be optional. 
d) Performance measurement

Similar as LTE, the maximum throughput for an FRC equals the Payload size* the Number of uplink subframes per second in which PUSCH is transmitted. The details test configuration for PUSCH and SRS transmission subframes are indicated as follows:
[image: ]

Proposal 13:  Reuse LTE for performance requirement, maximum throughput for an FRC equals the Payload size* the Number of uplink subframes per second in which PUSCH is transmitted. 
e) Test parameters and Test cases

As for test parameters, related with waveform, SCS and BW combination, antenna configuration, mapping type, DMRS configuration, RAN4 group has specified many test cases for normal requirement. If RAN4 will introduce the UL timing adjustment, limited number of test cases should be considered. RAN4 group should further discussion how to down selection test cases
As for SRS configuration, in LTE, the follows are specified as
	Sounding RS transmission cycle 
	10 ms
	10 ms

	Sounding RS transmission bandwidth (if transmitted)
	· 40 RBs for 10, 15, and 20 MHz channel BW (*)
· 20 RBs for 5 MHz channel BW
· 12 RBs for 3 MHz channel BW
· 4 RBs for 1.4 MHz channel BW
	· 40 RBs for 10, 15, and 20 MHz channel BW (*)
· 20 RBs for 5 MHz channel BW
· 12 RBs for 3 MHz channel BW
· 4 RBs for 1.4 MHz channel BW


	
The configuration of SRS is optional. Only one subframe for SRS transmission and it is not transmitted together with PUSCH in the same subframe. In terms of targeting SNR for minimum requirement, it should be no impact. We propose to discuss the SRS configuration when the basic test parameters for PUSCH are determined.   
Proposal 14:  If RAN4 will introduce UL timing adjustment, limited number of test cases should be considered. Discuss SRS configuration when basic test parameters for PUSCH are determined.
2.4	Performance requirements for PRACH
a) [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Background
Compared with LTE, two different lengths of random access preamble sequences are supported, with 4 PRACH formats for    and 9 PRACH formats for., as shown in the table 1 and Table2, respectively. In Table 2, the value of maximum cell coverage is calculated based on 15 KHz subcarrier spacing, the value for other SCS should be scaled with the ratio of 15 KHz.


[bookmark: _Ref513555545]Table 1: PRACH preamble formats for  and .
	Format
	

	

	

	

	Support for restricted sets
	Coverage(km)
	Use case

	0
	839
	1.25 kHz
	

	

	Type A, Type B
	14.53
	LTE reframing

	1
	839
	1.25 kHz
	

	

	Type A, Type B
	107.34
	Large cell

	2
	839
	1.25 kHz
	

	

	Type A, Type B
	142.89
	Coverage enhancement

	3
	839
	5 kHz
	

	

	Type A, Type B
	14.53
	High speed case






	Table 2: Preamble formats for  and  where.
	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



During HST PRACH discussion in the last meeting, due to with large subcarrier spacing, short formats are robust as high frequency offset inherently. Hence, short formats are also proposed to specify the requirement with large frequency offset. 
For short format, the motivation of design is to coverage enhancement and beam weeping. Generally, CP duration and guard duration is related to the cell radius, and preamble duration has a relation to link budget. Different CP length per sub-carrier is to cover small, medium and large cell coverage.
Format A1/A2/B4 is mainly for supporting beam sweeping operation. Although they have a large number of repetitions, the combination gain can be achieved depending on the given environment, such as existed frequency offset, high frequency Doppler shift. 
In terms of cell coverage, as indicated in table 2, C2 has the largest CP length, compared with other short sequences, thus, it should have the large cell coverage.
Under high speed scenario, large cell coverage can reduce the number of handover procedure, which is benefiting the Doppler tracking. In that sense, we prefer to only use C2 for requirements with high frequency offset.

Test preamble configuration
As mentioned in one company contribution, the test preamble configurations are not representative or performance for all preambles. The performance can be differentiation with test preamble id and logical root sequence, especially for high frequency offset large then 2000Hz for restricted set A. Normally, restricted set type A can allow the maximum Doppler value is 1.25KHz. For larger then 1250KHz, the correlation peak will out of the (0, ±du) detection window, which results in the detection ambiguity with cyclic shift. 
Configuration for restricted set type A
The maximum frequency offset assumption for type A is 1340Hz, in our view, the performance should has no big different, we prefer to reuse this configuration with restricted set type A for requirement of PRACH format 0
	Burst format
	Ncs
	Logical sequence index
	v

	0
	15
	384
	0



Configuration for restricted set type B 
In LTE, the test configuration for restricted set type B for format 0 is defined as follows:
	Burst format
	Ncs
	Logical sequence index
	v

	0
	15
	30
	30



Restricted set type A can allow the maximum Doppler value is 2.5 KHz. For larger then 1250KHz, the correlation peaks locates at (0, ±du, ±2du) regions. In that sense, five detection windows should be used. 
As in our contribution, the initial analysis and simulation results with different preamble Id under the same logical root sequence for PRACH restricted set type B with 1944Hz frequency offset was provided. At least with 1944Hz frequency offset, the performance gap is not obvious. So, the LTE test configuration for restricted set type B can be chosen at least with 1944Hz. As for 2344Hz frequency offset, if needed, whether this test configuration is representative can be further checking.
Configuration for short format
As for Ncs configuration, there is no restricted set limitation for short format. If RAN4 will introduce requirement of short format with high frequency offset, we propose to use the existing configuration as baseline to investigate the impact of high frequency offset as follows:
	Burst format
	SCS (kHz)
	Ncs
	Logical sequence index
	v

	C2
	15
	[23]
	[0]
	[0]

	
	30
	[46]
	[0]
	[0]



Proposal 15:  Test configuration for requirement long sequence format 0 with restricted set A can be reused as 
	Burst format
	Ncs
	Logical sequence index
	v

	0
	15
	30
	30



As start point, with restricted set B for 1944Hz can be reused as 
	Burst format
	SCS (kHz)
	Ncs
	Logical sequence index
	v

	C2
	15
	[23]
	[0]
	[0]

	
	30
	[46]
	[0]
	[0]



Short format C2 can be considered for PRACH requirement under high frequency offset. The test configuration is preferred as follows
	Burst format
	SCS (kHz)
	Ncs
	Logical sequence index
	v

	C2
	15
	[23]
	[0]
	[0]

	
	30
	[46]
	[0]
	[0]


3	Conclusion
In this contribution, the view on BS performance requirements for high speed scenario in NR Rel-16 is provided.
Proposal 1: The BS performance requirements under HST scenario are optional and only applicable for BS supporting HST.
Proposal 2: For HST open space scenario, option 1 (1000m, 50m) should be considered with targeting 350km/h, option 2(700ms, 150ms) should be considered with targeting 500km/h.
Proposal 3: For SCS&BW combination, the following should be considered for HST requirement.
CP-OFDM
· 15KHz and 30KHz
· 10MHz
-DFT-s-OFDM (if agreed to be introduced)
· 5MHz/15KHz
· 10MHz/30KHz
Define the HST requirement for CP-OFDM firstly
Observation 1: In terms of UE feature list, PT-RS configuration in FR1 is optional with signaling feature
Observation 2: The overhead for 3 DMRS configuration is no so critical compared with 2 DMRS + PR-RS configuration with (L_PT-RS=1 and K_PT-RS=2). 
Proposal 4: only configured DMRS is considered for PUSCH requirement under HST scenario.
Proposal 5:  Only specified the PUSCH HST requirement with 1x2 antenna configuration.
Proposal 6:  3 DMRS configuration can be considered for requirement of HST based on current maximum Doppler shift.
Proposal 7:  Reuse the existing TDD configuration as 7D1S2U (S=6D:4G:4U) in 30KHz SCS for PUSCH HST requirements.
Observation 3:  Both PUSCH and PUCCH configuration are included for parameters with High speed train. PUCCH format2 configuration is optional. 
Proposal 8:  Only PUSCH as measurement channel is included in the test model for High Speed train. 
Proposal 9:  L0 =2 is preferred for PUSCH mapping type A, in terms of performance and obtaining a fast channel estimation.
Observation 4:  For high speed scenario, LTE is only specified the PUSCH requirement under ETU600Hz for high speed scenario.
Observation 5: For 2Tx configuration even with 100Hz, the target SNR with MCS16 for 2T2R is very high, chose to the limitation of test. 2Tx is not feasible for the requirements with high Doppler scenario.
Proposal 10:  Focus on the PUSCH requirements with HST scenario firstly and deprioritize the PUSCH requirements with multi-path fading channel under high Doppler value.
Proposal 11:  Specify the UL timing adjustment requirement with scenario X with firstly. NO need to define UL timing requirement for both 350km/h and 500km/h, down selection one of extreme condition with 350km/h or 500km/h for UL timing adjustment requirement if needed.
Proposal 12:  Transmission of SRS could be considered in test configuration of UL timing adjustment, and it shall be optional. 
Proposal 13:  Reuse LTE for performance requirement, maximum throughput for an FRC equals the Payload size* the Number of uplink subframes per second in which PUSCH is transmitted. 
Proposal 14:  If RAN4 will introduce UL timing adjustment, limited number of test cases should be considered. Discuss SRS configuration when basic test parameters for PUSCH are determined.
Proposal 15:  Test configuration for requirement long sequence format 0 with restricted set A can be reused as 
	Burst format
	Ncs
	Logical sequence index
	v

	0
	15
	30
	30



As start point, with restricted set B for 1944Hz can be reused as 
	Burst format
	SCS (kHz)
	Ncs
	Logical sequence index
	v

	C2
	15
	[23]
	[0]
	[0]

	
	30
	[46]
	[0]
	[0]



Short format C2 can be considered for PRACH requirement under high frequency offset. The test configuration is preferred as follows
	Burst format
	SCS (kHz)
	Ncs
	Logical sequence index
	v

	C2
	15
	[23]
	[0]
	[0]

	
	30
	[46]
	[0]
	[0]
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Introduction


 


During the last RAN4#92 meeting, the general 


issues about the BS demodulation requirements


 


under high speed 


scenario were discussed.  Some agreements are captured in the 


WF [
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In this contribution, we present our views on the remaining is


sue


s and assumptions.
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Discussion
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Performance requirements for PUSCH  


 


I


n this section,


 


the view o


n HST requirements is presented with serval aspects


 


a)


 


Optional or Mandatory


 


 


Similar


 


with LTE, the BS performance requirement 


should


 


be 


optional


 


since the necessity of the requirement 


depends on BS deployment.


 


Proposal
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: The BS 


performance


 


requirements under HST scenario are


 


optional


 


and only applicable for BS 


supporting HST.
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Channel model 


 


 


In 
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LTE, the requirement for both 
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following
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