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1	Introduction
During last RAN plenary meeting, NR HST was approved as new WI in Rel-16, the related WID can be found in [1]. This new WI is proposed to specify NR UE demodulation requirements, BS demodulation requirements, and UE RRM requirements for high speed train scenario with up to 500km/h in Rel-16. As indicated in WID, the objective of WI as follows:
	- Interstate  and specify  
Specify the BS demodulation requirements and test cases for
· PUSCH
· PRACH restricted set A for preamble format 0
· PRACH restricted set B for preamble format 0
· PUSCH for UL timing adjustment
· Other requirements are not precluded if needed
· NOTE: PUSCH with HST single tap channel model, PRACH restricted set A/B and PUSCH for UL timing adjustment, test assumptions and corresponding CR(s) to be finalized by Dec. 2019 and final CRs including the requirement SNR to be finalized by Mar.2010 should support at least up to 350 km/h. A single set of requirements supporting greater speeds is not precluded if RAN4 decides a single set of requirements is feasible and they are completed within this timescale



Meanwhile, the WI will also include investigating and determining the maximum Doppler frequency based on operating frequency, velocity and the NR design limitations for all UL/DL physical channels. 
In this contribution, the initial simulation results are provided to check the feasibility of HST based on the agreed assumption about dropper value with at least up to 350km/h.
2	Discussion
2.1	Performance requirements for PUSCH  
In LTE with Rel-18, two kinds of tests for requirement under high speed scenario are introduced with maximum Doppler value 1340Hz and 1150Hz
	Parameter
	Value

	
	Scenario 1
	Scenario 3

	

	1000 m
	300 m

	

	50 m
	2 m

	

	350 km/h
	300 km/h

	

	1340 Hz
	1150 Hz



Scenario 1 is for open scenario, scenario 3 is for tunnel with multi-antennas. As indicated in the spec, the Doppler shift value is calculated based on band 1 (2GHz) for BS side, while band 7 (2.7GHz) is chosen for UE side. 
For LTE Rel-16, the new WI for high speed enhancement with target 500km/h is under discussion. As indicated in WID [1], there is no new or modified physical layer reference consideration, in order to verify the legacy uplink LTE DMRS structure. 
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 the WID, the maximum Doppler frequency will be investigate and determined based on operating frequency, velocity and NR design limitations for all UL/DL physical channels
For NR, in order to support flexible scheduling, up to 4 DMRS structure can be configured with single-symbol and two-symbol DMRS structure for type 1 and type 2 DMRS type. 
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}



Since the motivation of type 2 is mainly to support MU-MIMO with 12 ports and type 2 can be configured for CP-OFDM only, thus, similar as NR Rel-15 requirement for normal PUSCH, only type 1 DMRS configuration is considered for requirement of NR HST in Rel-16. 
For operation frequency, based on the frequency arrangement of different regions, 3.5GHz is typical frequency band for most of countries, some low band such 700M or 900M are deployed for NR, also LTE reframing band is allocated for NR deployment. The follow table indicates the Doppler value within different velocity in UL
Table 2, typical Doppler value for different frequency band
	Frequency band
	UL maximum Doppler  300km/h
	UL maximum Doppler 350km/h
	UL maximum Doppler 500km/h

	700MHz
	389Hz
	454Hz
	648Hz

	900MHz
	500Hz
	583Hz
	833Hz

	2.1GHz
	1167Hz
	1361Hz
	1944Hz

	2.7GHz
	1500Hz
	1750Hz
	2500Hz

	3.5GHz
	1944Hz
	2268Hz
	3240Hz

	3.6GHz
	2000Hz
	2333Hz
	3333Hz



As indicated in this table, with supporting 500 Km/h velocity up to 3.6GHz, at least 3 DMRS structure should be configured for Doppler tracking.
Based on the UE feature list, the DMRS configuration with supporting up to 2 additional DMRS symbols is mandatory without capability signaling for signaling, with supporting 3 additional DMRS symbols is optional with capability signaling, while DMRS configuration with supporting 2-symbol front loaded DMRS and one additional 2 symbols DMRS is mandatory with capability. Hence, for the requirement of NR HST should focus on the UE mandatory feature firstly.
Generally, the Doppler estimation method is processed by the autocorrelation with Maximum likelihood method between two DMRS symbol. For double symbol-DMRS configuration, Doppler can be better tracked. Based on the estimated Doppler value, the Doppler can be compensated for other symbols in time domain;, the channel estimation accuracy can be further improved. To some extent, with double-symbol DMRS configuration can achieve better performance with Doppler tracking. In our view, we prefer specify the requirement for HST to support 500km/h with double-symbol DRMS and 1 additional double symbol DMRS configuration.
Proposal 1:  In order to support 500km/h, the requirement of NR HST should focus on the UE mandatory feature firstly. The requirement with double symbol DMRS with 1 additional double symbol DMRS configuration is preferred 
Proposal 2:  Lower than 500km/h with supporting given frequency band within the limitation of UL signal for Doppler tracking ability should be considered.

Except for target velocity, the practical deployment, such as the initial distance of train from BS and the BS-railway trace distance, will also impact on the Doppler shift. if there is no detail description of the HST scenario deployment provided for NR, we prefer to use the same scenario 1 (Open space) and scenario 3 (Tunnel) with single path.  
Proposal 3: Reuse the same scenario 1 (Open space) and scenario 3 (Tunnel) specified in LTE to specify the BS requirement of HST scenario for NR Rel-16.
During last RAN4 meeting, the initial simulation assumption is agreed for checking the feasibility of HST under 300km/h or 350km/h with 1+1+1 DMRS configuration as follows
	- Maximum Doppler Shift
· 30KHz SCS
· 2000Hz (300km/h@ Band n77(3.6GHz))
· 15KHz SCS 
· 1340Hz (350km/h@ Band n1 (2.1GHz)) if there is no technical issue identified
· 1150Hz (300km/h@ Band n1 (2.1GHz)) if there is some technical issue with 1340Hz
· Decision to be made in the next meeting based on the evaluation
- Antenna configuration
· 1x2
- MCS index
· MCS 2
- SCS and bandwidth
· CP-OFDM
· 15KHz: 5MHz, 20MHz
· 30KHz, 10MHz, 100MHz
· DFT-s-OFDM
· 15KHz, 5MHz
· 30KHz, 10MHz
- Testing metric
· SNR @70% of maximum throughput
- DMRS configuration  for both 15KHz SCS and 30 kHz SCS
· DMRS 1+1+1
- PUSCH mapping type
· type A
- l0 for PUSCH mapping type A
· Option 1:  l0=3
· Option 2:  l0=2
· If it is not possible to make decision  in this meeting, pick one test case for performance comparison in the next meeting
- Waveform
· DFT-s-OFDM and CP-OFDM
- PRB allocation for DFT-s-OFDM
· The same configuration as the existing DFT-s-OFDM PUSCH test
- PTRS
· Without PTRS



As indicated in WID, the requirement SNR to be finalized By Mar.2020 should support at least up to 350km/h. hence, the agreed simulation assumption with 1+1+1 DMRS configuration can be referred as baseline for requirement of NR HST in Rel-16
Proposal 4:  The agreed simulation assumption for 350km/h with 1+1+1 DMRS configuration for NR PUSCH with HST single tap channel can be referred as baseline for the requirement of NR HST in Rel-16.

2.2    Performance requirements for UL timing adjustment
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 


For the test, two signals are configured, one being transmitted by a moving UE and the other being transmitted by a stationary UE. Two scenarios are defined
	Parameter
	Scenario 1
	Scenario 2

	Channel model
	Stationary UE: AWGN
Moving UE: ETU200
	AWGN

	UE speed
	120 km/h
	350 km/h

	CP length
	Normal
	Normal

	A
	10 s
	10 s

	
	0.04 s-1
	0.13 s-1



For scenario 1, the Doppler frequency is derived for Band 1 for specified UE speed. For scenario 2, the HST scenario is applied with UE 350km/h. As indicated, in scenario 2, Doppler shift is not taken into account. 
With target 500km/h velocity, whether new scenarios for multipath fading channel and HST scenario should be defined. Meanwhile, the practical parameters, such as A, delta, subframes in which PUSCH is transmitted, PUSCH resource allocation and SRS allocation schemes, should be further investigated. Since the scenario for UL timing adjustment is derived from HST scenario, we prefer to focus on the PUSCH requirements with HST scenario firstly and deprioritize the requirements with moving propagation scenario.
Proposal 5:  Focus on the PUSCH requirements with HST scenario firstly and deprioritize the PUSCH requirements with moving propagation scenario
2.1     Performance requirements for PRACH
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Meanwhile, for high speed train scenario, it will have impact on the PRACH performance. In LTE, the requirements of PRACH with normal velocity are specified. In order to support 350km/H, requirements with high speed mode restrict set type A and type B are also specified, where the related frequency offset value is 1340Hz and 1875Hz. The maximum frequency offset supported by LTE spec is limited to around twice of subcarrier spacing of the preamble signal, which is 2.5 KHz. With targeting 500km/H @ 3.6GHz carrier frequency, the related Doppler shift is above 2500Hz. Even with 2500Hz, there is still the issue of false alarm or detection ambiguity with cyclic shifts, especially for the maximum correlation between cyclic shifted ZC sequences with received ZC sequence takes place in the detection window at ± 2.5KHz, which will result in that the receiver  may not be able determine unambiguously
During the last meeting, the initial assumption for PRACH with restricted set type A and type B. To some extent, it can be as baseline for specifying requirement of PRACH with HST in Rel-16.
Proposal 6:  The frequency offset for PRACH with restricted set type B should consider the limitation of PRACH .Lower than 2500Hz frequency offset shall be considered.

3	Conclusion
In this contribution, the view on BS performance requirements for high speed scenario in NR Rel-16 is provided.
Proposal 1:  In order to support 500km/h, the requirement of NR HST should focus on the UE mandatory feature firstly. The requirement with double symbol DMRS with 1 additional double symbol DMRS configuration is preferred 
Proposal 2:  Lower than 500km/h with supporting given frequency band within the limitation of UL signal for Doppler tracking ability should be considered.
Proposal 3:  The agreed simulation assumption for 350km/h with 1+1+1 DMRS configuration for NR PUSCH with HST single tap channel can be referred as baseline for the requirement of NR HST in Rel-16.
Proposal 4: Reuse the same scenario 1 (Open space) and scenario 3 (Tunnel) specified in LTE to specify the BS requirement of HST scenario for NR Rel-16.
Proposal 5:  Focus on the PUSCH requirements with HST scenario firstly and deprioritize the PUSCH requirements with moving propagation scenario
[bookmark: _GoBack]Proposal 6:  The frequency offset for PRACH with restricted set type B should consider the limitation of PRACH .Lower than 2500Hz frequency offset shall be considered..
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