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1	Introduction
According to the agreed WID [1], the target speed is 500 km/h. During RAN4#90 meeting, the general issues about BS demodulation scenarios and requirements was discussed.  Some agreements are captured in the WF [] as follows:
· Following deployment scenarios should be considered
· UE speed
· 500km/h
· Reference frequency will be agreed based on different companies’ input. Consideration should focus on as much as possible on reusing the existing design in previous 3GPP standards. Other options are not precluded.
· Maximum Doppler shift (fd) for HST will be agreed on different companies’ input 
· BS-Railway track distance (Dmin) and initial distance  of the train from BS (Ds/2)
· Option1: Same as Scenario 1(Open space) and Scenario 3 (Tunnel) specified in Rel-15
· Other options are not precluded.
· If needed operators can provide a detailed description of the HST deployment scenario
· Define enhanced PUSCH requirements for following scenarios
· High speed train (HST) scenario;
· FFS Multipath fading propagation scenario (i.e define ETU with Doppler shift more than 600Hz)
· FFS Moving propagation scenario 
· Other scenarios are not precluded
· Define PRACH requirements HST scenarios is FFS
· Define PUCCH requirements for multipath fading propagation scenario is FFS.
In this contribution, the view on BS performance requirements for high speed scenario is provided.
2	Discussion
2.1	Performance requirements for PUSCH  
In LTE with Rel-8, two kinds of high speed tests are introduced with maximum Doppler value 1340Hz and 1150Hz as follows:
	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 (2GH) for BS side, while band 7(2.7GH) is chosen for UE side. In my understanding, the motivation is coming from the receiver’s Doppler tracking capability and related channel estimation performance. Uplink and downlink receivers use DMRE for Doppler tracking. Generally, uplink receiver can provide better channel estimation performance considering uplink has more reference signal than the downlink, when channel is time-invariant. While channel is time-variant in high speed scenarios, DL can provide more accuracy Doppler tracking capability than UL, due to more time density of RS in downlink.
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. As indicted in Figure 1, the two DMRS location in LTE is 3rd and 11th, the time interval between 2 DMRS symbol in one subframe is about 0.5ms, which means the range of Doppler shift can be tracked about ±1 KHz. When the Doppler value is large than this value, the accuracy of Doppler shift value estimation is affected. 
For the high speed train scenario, the Doppler shift experienced in BS side is twice of UE side. Considering the target velocity 500Km/h, with band 7(2.7GHz) carrier frequency, the related Doppler shift value can be up about 2500Hz, which is exceeded the limit of DMRS Doppler tracking capability. Even with Band 1(2.1), the Doppler shift value is about 1944Hz, higher than the LTE HST scenario.
As captured in WID [1], there is no new or modified physical layer reference consideration, in order to verify capacity of legacy  uplink LTE DMRS structure, we prefer to reuse LTE Band1 (2.1GHz) with 500km/h to evaluate PUSCH requirement with high speed scenario.
Proposal 1: Reuse the current LTE spec with band 1(2.1GHz) in HST scenario, 1944Hz frequency offset is preferred to requirement for PUSCH with HST.
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. Most likely, the HST scenario will be still deployed with current LTE frequency band. Thus, we prefer to use the same scenario 1 (Open space) and scenario 3 (Tunnel) specified in LTE Rel-15, if there is no detail description of the HST scenario deployment provided. However, the practical deployment should be different based on the region regulation. 
Proposal 2: Reuse the same scenario 1 (Open space) and scenario 3 (Tunnel) specified in LTE to specify the BS requirement of HST scenario with target 500km/h UE velocity.
As for the high Doppler value with multipath fading channel, the requirement with high Doppler value about 600Hz, was specified in LTE, which is related with UE 300km/h velocity at Band 1(2.1GHz) carrier frequency. The requirements are only applicable for BS supporting ETU600. 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. Meanwhile, defined Doppler shift more than 600Hz means the UE velocity is above 300km/h, whether above 300km/h in the ETU environment is existed in the practical deployment. The motivation and practical deployment should be provided from operators. For purpose of initial evaluation Doppler frequency tacking capacity in PUSCH with multipath fading channel, ETU 970Hz (500km/h at Band1 2.1GHz) could be considered if needed.
Proposal 3: The practical deployment with considering high velocity about 300km/h in fading channel should be provided.	The performance requirements for PUSCH with multipath fading channel under high Doppler shift value higher than 600Hz could be considered if needed.
As for the requirements of moving propagation scenario, LTE specified the requirements of UL timing adjustment. 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, whether new scenarios for multipath fading channel and HST scenario should be defined. The further investigation is needed. 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 4:  Focus on the PUSCH requirements with HST scenario firstly and deprioritize the PUSCH requirements with moving propagation scenario
2.2 Performance requirements for PUCCH
In LTE, as for high Doppler value with multipath fading channel, requirements with ETU 300Hz, was specified for PUCCH format 1a, which is related with UE 120km/h at Band 7 (2.7GHz) carrier frequency. 
For PUCCH format1a, as indicated in spec, there are 3 DMRS symbols per slot. The motivation for 3DMRS design structure is for supporting multiple UE multiplexing. The UE multiplexing can be processed with the structure of orthogonal sequences in the time domain. With high Doppler shift, the orthogonal property will be loss, which will result in the issue of false alarm or detection ambiguity.
For PUSCH,   ETU600 is applied for requirement with high Doppler value for multipath fading channel. Thus, for the purpose of initial evaluation Doppler frequency tacking capacity in PUCCH, ETU 600 could be considered.
[bookmark: OLE_LINK3]Proposal 5: 	The performance requirements for PUCCH format 1a with high Doppler shift ETU 600Hz could be considered if needed.
2.3 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 @ 2.7GHz carrier frequency, the related Doppler shift is up to about 2500Hz, which is the upper bound of working range of any UE device. Based on this value, 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.
As captured in the WID [1], there is no change for PRACH consideration, thus, only current restricted set of cyclic shifts with high speed mode can be applied. 
In order to resist the impact of high Doppler shift value and makes it possible to retain an acceptable false alarm rate, two solutions could be considered. One is only use the root sequence without cyclic shifts for PRACH. The drawback for this solution is that the number of available preamble sequences is limited.
Proposal 6: Only use the root sequence without cyclic shifts for the UE to do random access
Another solution is to reuse the current LTE spec with Band 1 (2.1GHz), thus, 1944Hz frequency offset is considered.  As for the preamble configuration, we prefer to reuse LTE configuration as follows:
	Burst format
	Restricted set 
	Ncs
	Logical sequence index
	v

	0 
	Type B
	15
	30
	30

	1
	Type B
	100
	168
	20

	2
	Type B
	118
	204
	10

	3
	Type B
	137
	264
	0



[bookmark: _GoBack]Proposal 7: Reuse the current LTE spec with 2.1GHz, 1944Hz frequency offset is considered to specify the requirement for PRACH with high speed mode.
3	Conclusion
In this contribution, the view of remaining open issue for performance requirements of NR PUSCH is provided.
Proposal 1: Reuse the current LTE spec with band 1(2.1GHz) in HST scenario, 1944Hz frequency offset is preferred to requirement for PUSCH with HST.
Proposal 2: Reuse the same scenario 1 (Open space) and scenario 3 (Tunnel) specified in LTE to specify the BS requirement of HST scenario with target 500km/h UE velocity.
Proposal 3: The practical deployment with considering high velocity about 300km/h in fading channel should be provided.	The performance requirements for PUSCH with multipath fading channel under high Doppler shift value higher than 600Hz could be considered if needed.
Proposal 4: Focus on the PUSCH requirements with HST scenario firstly and deprioritize the PUSCH requirements with moving propagation scenario
Proposal 5: 	The performance requirements for PUCCH format 1a with high Doppler shift ETU 600Hz could be considered if needed.
Proposal 6: Only use the root sequence without cyclic shifts for the UE to do random access
Proposal 7: Reuse the current LTE spec with 2.1GHz, 1944Hz frequency offset is considered to specify the requirement for PRACH with high speed mode.
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