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1.	Introduction
In RAN #90, WF on BS demodulation for high speed in Rel.16 was approved [1]. In this contribution, we discuss on open issues and provide our views.
	RAN4#90
· Following deployment scenarios should be considered.
· UE speed:
· 500km/h;
· Reference frequency will be agreed based on different companies’ input. Considerations would focus as much as possible on reusing the existing designs in previous 3GPP standards. Other options are not precluded.
· Maximum Doppler shift (fd) for HST will be agreed based on different companies’ input; note: according to [1], new or modified physical layer reference signals shall not be considered
· BS-Railway track distance (Dmin) and Initial distance of the train from BS (Ds/2):
· Option 1: Same as Scenario 1 (Open space) and Scenario 3 (Tunnel) specified in Rel.14 LTE;
· Other options are not precluded.
· If needed operators can provide a detailed description of the HST deployment scenarios. 
· 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 PPRACH requirements HST scenarios is FFS
· Define PUCCH requirements for multipath fading propagation scenario is FFS



2.	Discussion
2.1	Deployment scenario
In the existing requirements in TS 36.104 [2] and the study in TR 36.878 [3], the following scenarios were considered for high-speed requirements:
a) HST;
b) HST-SFN;
c) Leaky cable;
d) Moving propagation;
e) Multipath fading.
According to TR 36.878, the BS performance under SFN and leacky cable scenarios was concluded to be verified by the requirements under HST. 
	[bookmark: _Toc439932045]TR 36.878
6.5.2.3	Summary of evaluation and analysis
■	SFN scenario
The BS performance under SFN scenarios can be verified by the existing high speed train (HST) demodulation requirements in 8.2.3 of TS36.104. So there is no need to specify the new BS demodulation performance requirements for the SFN scenario.
For PRACH, the Doppler shift out of the range of [-1.25KHz, +1.25KHz] would cause the detection ambiguity. To avoid the detection ambiguity, the PRACH enhancement under the high speed scenario is needed.
■	Leaky cable scenario
Due to the small Doppler shift, the leaky cable scenario would not be challenging for BS demodulation. It is proposed not to consider specifying the new BS demodulation performance requirements under the scenario of leaky cable in tunnel.



Observation 1: According to TR 36.878, it is concluded that the performance under b) HST-SFN and c) Leaky cable scenarios can be verified by the performance requirement under a) HST scenario.
In Table 1, deployment scenarios for BS and UE demodulation are summarized. As mentioned in WID, about 90% of the railways for Liniar motortrains in Japan will be deployed in tunnels and about 10% in open spaces. In addition, deployment scenarios including the assumptions of the distance between RRHs and between antenna and track railway are expected to be similar as existing scenarios (i.e., the same Ds and Dmin can be considered).
Observation 2: The exisiting HST requirements are based on “open space” and and “tunnel for multi-antennas”, and lines for Linear motor trains (high speed trains in Japan) are planed to be deployed in “open space” and “tunnel”. 
Table 1: Summary of deployment scenarios
	Parameter
	Annex B.3 in TS 36.104 
[2]
	Annex B.3/3a in TS 36.101 [4]
	Subclause 6.2.2 in TR 36.878 [3]

	
	HST
	HST
	HST
	HST-SFN
	HST-SFN
	HST-SFN
	Leacky cable

	
	Scenario 1
(Open space)
	Scenario 3
(Tunnel for multi-antennas)
	High speed train scenario
	HST-SFN scenario
	Scenario 1
(Open space)
 
	Scenario 2d
(Tunnel for multi-antennas)
	Scenario 2c
(Tunnel with leaky cable)

	
	1000 m
	300 m
	300m
	1000m
	1km; 1.5km
	500m
	Infinity

	
	50 m
	2 m
	2m
	50m
	25m
	2.5m
	8m

	
	350km/h
	300km/h
	300km
	350km
	350km/h
	350km/h
	350km/h



In TS36.104, d) moving propagation scenario is defined for PUSCH requirements for UL timing adjustment. There are two scenarios specified as follows:
	TS 36.104
Table B.4-1: Parameters for UL timing adjustment
	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



NOTE 1:	Multipath fading propagation conditions for Scenario 1 were derived for Band 1 with additional rounding applied to the Doppler frequency calculated for the specified UE speed.
NOTE 2:	In Scenario 2, Doppler shift is not taken into account.



Scenario 2 for UL timing adjustment is based on HST deployment scenario in which UE speed is assumed up to 350km/h. This requirement ensures the performance to estimate appropriate UL transmission timing and set TA command at the appropriate frequency under the condition of timing difference between a stationary UE and a moving UE. In the expected deployment, there is a possibility to multiplex UEs with different UE speed (e.g., one is a stationary UE and the other is a moving UE (500km/h)), as shown in Figure 1. 
Observation 3: In the actual deployment, also d) moving propagation scenario based on HST is expected.
[image: ]
Figure 1: Example of deployment scenarios for HST

In general, HST requirements verify performance when Doppler shift is very large, Doppler shift rapidly from negative to positive, and positive to negative, and guarantee performance under multipath and fading conditions is not. Since channel conditions in a tunnel are multipath and fading conditions, the requirements assuming only HST scenario are not sufficient.The multipath fading scenario needs to be considered taking account of the condition that the UE is inside a high-speed train in tunnels.
Observation 4: The path conditions inside high-speed trains in tunnels are multipath fading condition, however, multipath and fading are not assumed in HST scenario.
From observantion 1 to 4, the following scenarios should be considered.
Proposal 1: Consider enhanced requirements under the following scenarios to guarantee the BS performance of high speed (500km/h):
· HST (Open space, tunnel with multi-antennas);
· Moving propagation;
· Multipath fading.
2.2	PUSCH
2.2.1	HST scenario
Basically, maximum Doppler frequency shift depends on UE speed and carrier frequency, as shown in Figure 2 and Table 2.
[image: ]
Figure 2: Maximum Doppler shift vs. carrier frequency
Table 2: Maximum Doppler shift corresponding to UE speed and carrier frequency
	UE speed
	Maximum Doppler Shift

	
	 @2.6GHz
	@2.7GHz

	500km/h
	2409 Hz
	2501 Hz

	350km/h
	1686 Hz
	1751 Hz



In the existing HST, it is assumed that carrier frequency is 2.1GHz for UL and 2.7GHz for DL. This means the performance of UL is bottleneck of the performance as a network. It is necessary to consider 2.7GHz as carrier frequency to avoid non-aligment between UL and DL. As maximum Doppler shift, we proposed 2500Hz in [5]. However, some companies are concerned about not achieving performance under very high Doppler shift. Therefore, maximum Doppler shift should be decided based on the performance evaluation. If smaller values need to be consider as maximum Doppler shift to achieve the performance, at least 2400Hz maximum Doppler shift should be considered since the center frequency between UL and DL of Band 7 is 2595MHz.
As mentioned in Observantion 2, similar deployment scenarios as the existing high-speed trains are expected. Therefore, we prefer to reuse the parameters in the existing HST scenarios which are based on 300km/h and 350km/h and modify the UE speed to 500km/h.
Proposal 2: For Rel.16 HST, define new scenarios as follows:
Table 3: Proposed parameters for HST in Rel.16.
	Parameter
	Scenario 1’
(Open space)
	Scenario 3’
(Tunnel for multi-antennas)

	
	1000 m
	300 m

	
	50 m
	2 m

	
	500km/h
	500km/h

	
	Option 1: 2500 Hz
Option 2: 2400 Hz
	Option 1: 2500 Hz
Option 2: 2400 Hz



2.2.2	Moving propagation scenario
Based on exisiting scenario 2, moving propagation scenario, which is based on HST, we propose parameters that the channel model is AWGN and UE speed is 500km/h. The rationale of  is presented in [6]. Our proposed parameters are summarized in Table 4.
Proposal 3: For Rel.16 UL timing adjustment, define a new scenario as follows:
Table 4: Proposed parameters for UL timing adjustment in Rel.16.
	Parameter
	Scenario X

	Channel model
	Stationary UE: AWGN
Moving UE: AWGN

	UE speed
	500 km/h

	CP length
	Normal

	A
	10 s

	
	 0.18 s-1

	NOTE:	In Scenario X, Doppler shift is not taken into account.



2.2.3	Multipath fading scenario
As mentioned in Obaservation 4, channel condition in a tunnel is multipath fading condition. As a dpppler spread, the maximum Doppler shift of UE speed of 500km/h should be considered. However, the feasibility of the performance under larger Doppler spread condition is not confirmed. Therefore, it is proposed that PUSCH evaluation under ETU model with larger Doppler spread.
Proposal 4: For Rel.16 multipath fading, evaluate PUSCH performance impact under larger Doppler spread above 600Hz (e.g., ETU900, ETU1200)
2.3	PUCCH
2.3.1	Multipath fading scenario
There is no evaluation of PUCCH under multipath fading conditions based on higher UE speed (500km/h) so far. Therefore, the performance impact should be evaluated to decide whether new PUCCH requirements are needed.  
Proposal 5: For Rel.16 multipath fading, evaluate the PUCCH performance impact under multipath fading scenario with above 300Hz Doppler spread to decide whether new PUCCH requirements are needed.
2.3	PRACH
2.3.1	HST scenario
In the current specification, the test cases for PRACH restricted set B cover frequency offset  [-1875Hz, +1875Hz].
	TS 36.104
Table 8.4.2.1-5 PRACH missed detection requirements for High speed Mode restricted set type B
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex B)
	Frequency offset
	SNR [dB]

	
	
	
	
	Burst format 0
	Burst format 1
	Burst format 2
	Burst format 3

	1
	2
	AWGN
	0
	-14.5
	-14.1
	-16.7
	-16.8

	
	
	AWGN
	625
	-12.0
	-11.7
	-13.9
	-13.9

	
	
	ETU 70 Low
	270 Hz
	-7.3
	-6.9
	-9.1
	-9.2

	
	
	AWGN
	1875 Hz
	-11.8
	-11.4
	-13.8
	-14.0

	
	4
	AWGN
	0
	-17.1
	-16.6
	-19.1
	-19.1

	
	
	AWGN
	625
	-14.4
	-14.1
	-16.1
	-16.2

	
	
	ETU 70 Low
	270 Hz
	-11.8
	-11.3
	-13.5
	-13.4

	
	
	AWGN
	1875 Hz
	-14.2
	-13.8
	-15.9
	-16.3

	
	8
	AWGN
	0
	-19.6
	-19.1
	-21.2
	-21.2

	
	
	AWGN
	625
	-16.4
	-16.3
	-18.1
	-18.2

	
	
	ETU 70 Low
	270 Hz
	-15.3
	-15.1
	-17.1
	-17.5

	
	
	AWGN
	1875 Hz
	-16.3
	-16.0
	-18.0
	-18.4






However, in HST scenario based on UE speed of 500km/h, assumed maximum Doppler frequency shift is out of range of [-1875Hz, +1875Hz].  In addition, in restricted set B, frequency offset can be demodulated signals in the range of [-2.5kHz, +2.5kHz] can be allowed since five detection windows can be used. Therefore, it is proposed to add test cases for PRACH restricted set B with +/-2500Hz frequency offset. It is noted that no any change of PRACH physical design and higher layer parmeters is needed.
Observation 5: In current specification (TS 36.104), there is no test case for PRACH to gurantee Doppler frequency shift more than 1875Hz.
Proposal 4: Add new test cases for PRACH missed detection for high speed mode restricted set type B with frequency offset of 2500Hz as follow:
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex B)
	Frequency offset
	SNR [dB]

	
	
	
	
	Burst format 0
	Burst format 1
	Burst format 2
	Burst format 3

	1
	2
	AWGN
	0
	-14.5
	-14.1
	-16.7
	-16.8

	
	
	AWGN
	625
	-12.0
	-11.7
	-13.9
	-13.9

	
	
	ETU 70 Low
	270 Hz
	-7.3
	-6.9
	-9.1
	-9.2

	
	
	AWGN
	1875 Hz
	-11.8
	-11.4
	-13.8
	-14.0

	
	
	AWGN
	2500 Hz
	TBD
	TBD
	TBD
	TBD

	
	4
	AWGN
	0
	-17.1
	-16.6
	-19.1
	-19.1

	
	
	AWGN
	625
	-14.4
	-14.1
	-16.1
	-16.2

	
	
	ETU 70 Low
	270 Hz
	-11.8
	-11.3
	-13.5
	-13.4

	
	
	AWGN
	1875 Hz
	-14.2
	-13.8
	-15.9
	-16.3

	
	
	AWGN
	2500 Hz
	TBD
	TBD
	TBD
	TBD

	
	8
	AWGN
	0
	-19.6
	-19.1
	-21.2
	-21.2

	
	
	AWGN
	625
	-16.4
	-16.3
	-18.1
	-18.2

	
	
	ETU 70 Low
	270 Hz
	-15.3
	-15.1
	-17.1
	-17.5

	
	
	AWGN
	1875 Hz
	-16.3
	-16.0
	-18.0
	-18.4

	
	
	AWGN
	2500 Hz
	TBD
	TBD
	TBD
	TBD



3.	Conclusion
In this contribution, we provide our views on BS demodulation requirements for LTE high speed in Rel.16. The following proposals are obtained.
Observation 1: According to TR 36.878, it is concluded that the performance under b) HST-SFN and c) Leaky cable scenarios can be verified by the performance requirement under a) HST scenario.
Observation 2: The exisiting HST requirements are based on “open space” and and “tunnel for multi-antennas”, and lines for Linear motor trains (high speed trains in Japan) are planed to be deployed in “open space” and “tunnel”. 
Observation 3: In the actual deployment, also d) moving propagation scenario based on HST is expected.
Observation 4: The path conditions inside high-speed trains in tunnels are multipath fading condition, however, multipath and fading are not assumed in HST scenario.
Proposal 1: Consider enhanced requirements under following scenarios to guarantee the BS performance of high speed (500km/h):
· HST (Open space, tunnel with multi-antennas);
· Moving propagation;
· Multipath fading.
Proposal 2: For Rel.16 HST, define new scenarios as follows:
Table 2: Proposed parameters for HST in Rel.16.
	Parameter
	Scenario 1’
(Open space)
	Scenario 3’
(Tunnel for multi-antennas)

	
	1000 m
	300 m

	
	50 m
	2 m

	
	500km/h
	500km/h

	
	2500 Hz
or
1945Hz
	2500 Hz
or
1945Hz



Proposal 3: For Rel.16 UL timing adjustment, define a new scenario as follows:
Table 3: Proposed parameters for UL timing adjustment in Rel.16.
	Parameter
	Scenario X

	Channel model
	Stationary UE: AWGN
Moving UE: AWGN

	UE speed
	500 km/h

	CP length
	Normal

	A
	10 s

	
	 0.18 s-1

	NOTE:	In Scenario X, Doppler shift is not taken into account.



Proposal 4: For Rel.16 multipath fading, evaluate the PUSCH performance impact under larger multipath fading scenario with above 600Hz Doppler spread to decide whether new PUSCH requirements are needed. (e.g., ETU900, ETU1200)
Proposal 5: For Rel.16 multipath fading, evaluate the PUCCH performance impact under multipath fading scenario with above 300Hz Doppler spread to decide whether new PUCCH requirements are needed.

Observation 5: In current specification (TS 36.104), there is no test case for PRACH to gurantee Doppler frequency shift more than 1875Hz.
Proposal 4: Add new test cases for PRACH missed detection for high speed mode restricted set type B with frequency offset of 2500Hz as follow:
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex B)
	Frequency offset
	SNR [dB]

	
	
	
	
	Burst format 0
	Burst format 1
	Burst format 2
	Burst format 3

	1
	2
	AWGN
	0
	-14.5
	-14.1
	-16.7
	-16.8

	
	
	AWGN
	625
	-12.0
	-11.7
	-13.9
	-13.9

	
	
	ETU 70 Low
	270 Hz
	-7.3
	-6.9
	-9.1
	-9.2

	
	
	AWGN
	1875 Hz
	-11.8
	-11.4
	-13.8
	-14.0

	
	
	AWGN
	2500 Hz
	TBD
	TBD
	TBD
	TBD

	
	4
	AWGN
	0
	-17.1
	-16.6
	-19.1
	-19.1

	
	
	AWGN
	625
	-14.4
	-14.1
	-16.1
	-16.2

	
	
	ETU 70 Low
	270 Hz
	-11.8
	-11.3
	-13.5
	-13.4

	
	
	AWGN
	1875 Hz
	-14.2
	-13.8
	-15.9
	-16.3

	
	
	AWGN
	2500 Hz
	TBD
	TBD
	TBD
	TBD

	
	8
	AWGN
	0
	-19.6
	-19.1
	-21.2
	-21.2

	
	
	AWGN
	625
	-16.4
	-16.3
	-18.1
	-18.2

	
	
	ETU 70 Low
	270 Hz
	-15.3
	-15.1
	-17.1
	-17.5

	
	
	AWGN
	1875 Hz
	-16.3
	-16.0
	-18.0
	-18.4

	
	
	AWGN
	2500 Hz
	TBD
	TBD
	TBD
	TBD
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