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[bookmark: _GoBack]1	Introduction
During the last RAN4#92b meeting, the general issues about the BS demodulation requirements under high speed scenario were discussed.  The requirements for UL timing adjustment was agreed as follows in [1]
· Candidate scenarios on table

	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
	500 km/h

	CP length
	Normal

	A
	10 µs

	Δω
	0.04 s-1
	0.13 s-1
	0.18 s-1



· Scenario for requirements
· Scenario Y
· Other scenarios can be discussed after March
· SRS
· Transmit SRS (optional) for uplink timing advance requirement
· Option 1
· Transmit SRS in the last symbol in the special slot for TDD mode
· Transmit SRS in slot#1 in radio frames for FDD mode
· Other options are not precluded
· DMRS
· Option 1: 1+1
· Option 2: 1+1+1
· Other options not precluded
In this contribution, we present our views on the remaining issues and detail assumption for requirements
2	Discussion
2.1	Performance requirements for UL timing adjustment  
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.
a) 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. In LTE, 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 1:  Transmission of SRS could be considered in test configuration of UL timing adjustment, and it shall be optional. 
b) 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. 
Proposal 2:  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. 
c) 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. For UL timing adjustment, limited number of test cases should be considered. In the following, we further discuss how to down selection test cases for UL timing adjustment requirement.
SCS &BW
Similar with PUSCH under HST requirement, we prefer to define the typical BW for each SCS as 15 KHz, 10 MHz and 30 KHz, 40 MHz, which will be operated in real deployment. For other BW, if needed, we prefer with low priority. 
Antenna configuration
The timing offset should be same for each antenna. Generally, the timing offset estimation performance is independent with antenna. In LTE, only 2 Rx requirements are defined for UL timing adjustment. To reduce test effort, we prefer only to define the requirement with 2 Rx.
Waveform
In our view, the performance with CP-OFDM and DFT-s-OFDM should be similar. Similar with PUSCH under HST requirement, we prefer to define the UL timing adjustment requirement with CP-OFDM waveform firstly.
Mapping type
Considering the test applicability of different configuration with mapping type has already been defined in NR Rel-15, we are fine to define the requirement with both mapping type A and B.
DMRS configuration
The motivation of UL timing adjustment is to investigate the impact of timing offset on PUSCH performance. Although the high speed velocity is considered in the test scenario, the Doppler shift is not taken into account. Meanwhile, the timing offset estimation and compensated are perform per symbol by symbol. In that sense, there is no necessary to configure the 1+1+1 DMRS structure. Also, the overhead with 3 DMRS configuration is larger than with 2 DMRS configuration. So, two DMRS structure should be enough to verify the performance of UL timing. 
MCS
In LTE, two scenarios are specified for UL timing adjustment. Scenario 1 with fading channel, 16QAM with 3/4 coding rate requirement is defined. Scenario 2 with AWGN channel under 350km/h, QPSK with 1/3 coding rate requirement is defined. Considering the current agreement is to define the AWGN with 350km/h velocity, we are fine to define the requirement of MCS2. 
As for MCS 16, the targeting SNR for minimum requirement is around 13dB. Considering DMRS structure is FDM with data, the number of available DMRS RE in NR is less compared with LTE system, which will be result in the performance degradation due to the inaccuracy of timing offset estimation. So, the feasibility of MCS 16 should be further checked. For alignment purpose, we are fine to consider MCS 16. 
In summary, we prefer to define the UL timing with following test parameters
SCS &BW: 15 KHz 10 MHz, 30 KHz 40 MHz
Antenna configuration: 1x2
Waveform: CP-OFDM
Mapping type: type A and type B
DMRS configuration: 1+1
MCS: 2
Proposal 3:  Define the UL timing requirements with following test parameters
SCS &BW: 15 KHz 10 MHz, 30 KHz 40 MHz
Antenna configuration: 1x2
Waveform: CP-OFDM
Mapping type: type A and type B
DMRS configuration: 1+1
MCS: 2
d) PUSCH allocated RB
For UL timing adjustment, 2 UE UL signal are defined in the test configuration. In LTE, the receiver power and number of PRBs for the first UE is same as for the second UE. So, the half number of PRBs is allocated for each UE with coving LTE bandwidth 1.4/3/5/10/15/20 MHz, and 25 PRB is allocated for 10MHz upwards.
Generally, in case of DMRS based timing estimation, the accuracy of timing offset estimation is proportion to the number of available DMRS REs up to a certain range. For LTE system with 10MHz, 25 PRB is allocated, since there is no room to increase the number of PRB due to BW limitation.
For NR system, 52 number of PRB can be supported with 15 KHz SCS&10MHz BW, the performance should be no obvious different. With referring LTE, we are fine to define the requirement with 25 PRB allocated per UE with 15 KHz SCS& 10MHz BW. 
For 30 KHz SCS & 40MHz BW, 106 number of PRB could be supported. Considering DMRS is FDM with data, it means the number of available DMRS RE is half compared with LTE with same BW. To keep the same number of DMRS REs, we prefer to allocate 50 PRB per UE. 
Due to that the whole PRB supported is 52 and 106 for 10MHz and 40MHz, for simply, the starting PRB allocated index is 0 for moving UE, and the starting PRB allocated index is 25 for stationary UE with 10MHz, 50 for stationary UE with 40MHz.
Proposal 4:  25 RB allocated for each UE with 10MHz, and 50RB allocated for each UE with 40MHz. The starting PRB allocated index for moving UE is 0 with 10MHz and 40MHz BW, the starting PRB allocated index for stationary UE with 10MHz BW is 25, and with 40MHz BW is 50.
SRS allocated RB
Generally, PUSCH resource blocks should be included in SRS resource blocks. In LTE, 40RBs is allocated for 10, 15 and 20MHz channel BW. With 15KHz SCS, we can reuse 40RBs for SRS allocated RB. With 30 KHz SCS, it is natural with 80RB for SRS allocated RB considering the timing unit is less than 15 KHz SCS, to improve the timing offset estimation accuracy. Meanwhile, since there is no frequency hopping for PUSCH, it is straightforward SRS frequency hopping should be disable.
Based on RAN1 spec, the SRS bandwidth configuration is proposed as 
C_SRS : 11, B_SRS =0, for 40RB
C_SRS:  21, B_SRS =0, for 80RB
Transmission comb
For transmission comb, NR can support with 2 or 4.The maximum number of cyclic shift is 8 for transmission comb 2, and cyclic shift is 12 for transmission comb 4. For simplicity, to align with LTE, we prefer to use transmission comb 2.  
SRS antenna port
Different LTE, NR can support with {1, 2, 4} antenna ports. Since the only 1 Tx requirement for HST PUSCH is defined, it is straightforward to configure 1 SRS antenna port. 
SRS symbol
Different with LTE, NR can support {1, 2, 4} consecutive OFDM symbols. Since the timing offset is estimated per symbol, for simplicity, we can reuse the 1 SRS symbol configurations. 
SRS periodic 


For an SRS resource configured as periodic or semi-persistent by the higher-layer parameter resourceType, a periodicity  (in slots) and slot offset  are configured according to the higher-layer parameter periodicityAndOffset-p or periodicityAndOffset-sp. Candidate slots in which the configured SRS resource may be used for SRS transmission are the slots satisfying


To align with LTE, 10ms periodicity is preferred.
SRS frequency domain starting position
To align with PUSCH, the frequency domain starting position of SRS is k0=0
Proposal 5:  40 RB allocated for SRS with 10MHz. 80 RB allocated for SRS with 40 MHz for UL timing requirement.
SRS bandwidth configuration is proposed as 
C_SRS : 11, B_SRS =0, for 40RB
C_SRS:  21, B_SRS =0, for 80RB
K_TC: 2
Periodicity: 10ms
SRS symbols: 1
SRS antenna port: 1
SRS frequency domain starting position: 0 
SRS slot configuration 
Similar as LTE, the configuration of SRS is optional, only one slot 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. Specifically, for 15KHz SCS with 10MHz FDD duplex, the subframes in which PUSCH and SRS are transmitted as following pattern
FDD: 



For TDD, as agreed, the uplink-downlink allocation for TDD in 15KHz SCS is 3D1SU. Based on this pattern, the configuration for PUSCH and SRS is proposed as following



For 30KHz SCS, the TDD pattern is 7D1S2U.  The configuration for PUSCH and SRS is proposed as following



Proposal 6: The slots in which PUSCH and SRS for FDD and TDD are proposed as
	Parameter
	Value

	Uplink-downlink allocation for TDD
	15KHz SCS: 3D1S1U, S=10D:2G:2U

	
	30KHz SCS: 7D1S2U, S=6D:4G:4U

	Slots in which PUSCH is transmitted
	For FDD: slot #0, #2, #4, #6, and #8 in radio frames

For TDD with 15KHz SCS: slot #4 and #9 in radio frames

For TDD with 30KHz SCS:  slot #8, #9, #18 and #19 in radio frames

	Slots in which sounding RS is transmitted
	[bookmark: OLE_LINK2]For FDD: slot #1 in radio frames

For TDD with 15KHz SCS: UpPTS in slot #3  in radio frames

For TDD with 30KHz SCS: UpPTS in slot #7  in radio frames



3	Conclusion
In this contribution,  the view on UL timing requirement for HR HST.
Proposal 1:  Transmission of SRS could be considered in test configuration of UL timing adjustment, and it shall be optional. 
Proposal 2:  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 3:  Define the UL timing requirements with following test parameters
SCS &BW: 15 KHz 10 MHz, 30 KHz 40 MHz
Antenna configuration: 1x2
Waveform: CP-OFDM
Mapping type: type A and type B
DMRS configuration: 1+1
MCS: 2
Proposal 4:  25 RB allocated for each UE with 10MHz, and 50RB allocated for each UE with 40MHz. The starting PRB allocated index for moving UE is 0 with 10MHz and 40MHz BW, the starting PRB allocated index for stationary UE with 10MHz BW is 25, and with 40MHz BW is 50.
Proposal 5:  40 RB allocated for SRS with 10MHz. 80 RB allocated for SRS with 40 MHz for UL timing requirement.
SRS bandwidth configuration is proposed as 
C_SRS : 11, B_SRS =0, for 40RB
C_SRS:  21, B_SRS =0, for 80RB
K_TC: 2
Periodicity: 10ms
SRS symbols: 1
SRS antenna port: 1
SRS frequency domain starting position: 0 
Proposal 6: The slots in which PUSCH and SRS for FDD and TDD are proposed as
	Parameter
	Value

	Uplink-downlink allocation for TDD
	15KHz SCS: 3D1S1U, S=10D:2G:2U

	
	30KHz SCS: 7D1S2U, S=6D:4G:4U

	Slots in which PUSCH is transmitted
	For FDD: slot #0, #2, #4, #6, and #8 in radio frames

For TDD with 15KHz SCS: slot #4 and #9 in radio frames

For TDD with 30KHz SCS:  slot #8, #9, #18 and #19 in radio frames

	Slots in which sounding RS is transmitted
	For FDD: slot #1 in radio frames

For TDD with 15KHz SCS: UpPTS in slot #3  in radio frames

For TDD with 30KHz SCS: UpPTS in slot #7  in radio frames
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