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1 Introduction

In RAN4 88 meeting the following agreements were reached on High speed train scenarios [1]: 

	· Use HST model as described on section B3 TS36.101 for FR1 for initial simulation purposes (max Doppler shift specified in table)

· FFS introduction of new requirements

· This topic will be discussed in agenda for PDSCH demodulation and other related agendas in the next meeting.


In RAN 81 meeting the following agreement was reached on introduction of HST demodulation requirements [2]: 
	· The UE and BS demodulation performance requirements under HST scenarios are treated in TEI15 after December 2018


In this contribution we provide our views on simulation assumptions for HST scenarios and present initial simulation results.
2 Discussion
2.1 Channel model
A single tap HST channel model with 750 Hz maximum Doppler shift is used for LTE Rel-8 demodulation requirements (Section B.3 in TS36.101). Figure 1 illustrates Doppler shift variation for this channel model.
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	Figure 1. Frequency shift variation for Single tap HST model


In RAN4 88, it was agreed to use same channel model for initial simulation purpose for NR. We suggest to limit Rel-15 HST scope and define Rel-15 demodulation requirements only for single tap HST channel model with 750 Hz maximum Doppler shift. Other channel models can be considered in future releases.
Proposal #1:
Use LTE Rel-8 single tap HST channel model to define Rel-15 NR demodulation requirements.
2.2 Requirements type
All LTE HST requirements (Rel-8, Rel-14) are limited by Normal PDSCH requirements and no PDCCH and CSI requirements were introduced. Taking into account limited timelines to complete Rel-15 NR requirements we suggest to define only PDSCH requirements in the scope of Rel-15.
Proposal #2:
Define only Normal PDSCH requirements for Rel-15 NR HST requirements.

2.3 Receiver assumptions
In LTE the channel parameter tracking (Doppler spread, Delay spread, frequency and time offsets) is typically done using CRS which are transmitted in each subframe. In NR, dedicated tracking reference signals (TRS) are expected to be used for estimation of propagation condition parameters. The TRS can be configured with minimum periodicity of 10 ms and, hence, are expected to be less efficient than CRS for the purpose of tracking of fast variations of channel conditions. 
From Figure 1 we can observe that single tap HST channel model has regions with fast changes of frequency offset from positive to negative value and vice versa (“slope” regions). For these regions, channel parameters for slots with TRS and slots without TRS can be significantly different. In Figure 2 we illustrate the difference between CFO, assumed at the receiver side after TRS based estimation, and actual CFO. 
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	Figure 2. Difference between estimated and actual CFO value.


Observation #1: For the LTE single tap HST channel model difference between actual CFO and CFO, assumed at receiver side in case of TRS based estimation, can reach up to 250 Hz for TRS with 10 ms periodicity and up to 450 Hz for TRS with 20 ms periodicity.

Taking into account such big mismatch between actual CFO and CFO, used for receive processing, PDSCH performance can be affected and performance degradation may be observed.
In additional to TRS based CFO estimation, DMRS based estimation can be used to obtain CFO estimates for each slot with PDSCH transmission. Such approach may allow to have faster CFO tracking in comparison to TRS based only. However, such approach has several drawbacks:

1) Additional UE complexity
2) Applicable for scenarios with non-zero number of additional DMRS

3) CFO accuracy depends on width of PDSCH allocation (accuracy is worse for narrow allocation in comparison for wide allocation)
Observation #2: In additional to TRS based CFO estimation, DMRS can be used for CFO estimation to have fast tracking. Meantime, overall benefit of this approach is questionable. 
Therefore, we suggest to define minimum PDSCH performance requirements under assumption of TRS based CFO tracking only.
Proposal #3:
Define minimum PDSCH performance for Rel-15 HST scenarios under assumption that UE uses only TRS signals for CFO tracking.

2.4 PDSCH simulation results
In Figures 3-6 we provide the PDSCH simulation results for the following parameters
· Duplex mode: FDD

· PDSCH mapping: Type A, Start symbol 2, Duration 12

· DMRS configuration: Type 1, Single symbol, 1 additional DMRS

· TRS configuration: 10ms or 20ms, 2 slots, offset 1

· FRC candidates: QPSK Rank 1 (MCS 4), 16QAM Rank 1 (MCS 13) and 64QAM Rank 1 (MCS 19)

· Channel model assumptions

· Constant region only (1.7 s from start)
· Slope region only (0.2 s after 1.7 s)
· Full channel (3.6 s)

	Rank 1, QPSK
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	Rank 1, 16QAM
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	Rank 1, 64QAM

[image: image8.emf]0 2 4 6 8 10 12 14 16 18 20

SNR, dB

0

2

4

6

8

10

12

14

16

18

20

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

FDD, CBW 10 MHz, SCS 15 kHz, Rank 1, 64QAM (MCS19), 1x2, HST

CE pract, CFO perfect

CE pract, CFO practical



	Figure 3. PDSCH performance – Constant region, TRS periodicity 10 ms
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	Rank 1, 16QAM
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	Rank 1, 64QAM
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	Figure 4. PDSCH performance – Slope region, TRS periodicity 10 ms


	Rank 1, QPSK
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	Rank 1, 16QAM
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	Rank 1, 64QAM
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	Figure 5. PDSCH performance – Slope region, TRS periodicity 20 ms
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	Rank 1, 16QAM
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	Rank 1, 64QAM
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	Figure 6. PDSCH performance – Full simulation, TRS periodicity 10 ms


Observation #3:

· For constant region, PDSCH performance with practical TRS based CFO estimation is very close to performance with ideal CFO estimation
· For slope region and TRS periodicity 20 ms, significant PDSCH performance degradation (up to 8 dB) is observed for 90% of maximum throughput for all considered scenarios in case of practical CFO estimation in comparison to ideal CFO knowledge
· For slope region and TRS periodicity 10 ms, significant PDSCH performance degradation (up to 4 dB) is observed for scenarios with 16QAM and 64QAM in case of practical CFO estimation in comparison to ideal CFO knowledge
· For full simulation and TRS periodicity 10 ms, PDSCH performance difference for practical and ideal CFO estimation is very small for 70 % of maximum throughput
2.5 PDSCH simulation assumptions
For definition of Rel-15 PDSCH requirements for HST scenarios we suggest to reuse most of configuration parameters used for other PDSCH tests:

· Channel bandwidth and SCS: 

· FDD: 10 MHz, SCS 15 kHz

· TDD: 40 MHz, SCS 30 kHz

· PDSCH mapping: Type A, Start symbol 2, Duration 12

· DMRS configuration: Type 1, Single symbol, 1 additional DMRS

· TDD UL-DL pattern: 7D1S2U, S = 6D:4G:4U
· TRS configuration: 10ms, 2 slots, offset 1

· FRC candidates: QPSK Rank 1 (MCS 4)
Proposal #4:
Define Rel-15 HST PDSCH requirements under the following conditions:
· Channel bandwidth and SCS: 

· FDD: 10 MHz, SCS 15 kHz

· TDD: 40 MHz, SCS 30 kHz

· PDSCH mapping: Type A, Start symbol 2, Duration 12

· DMRS configuration: Type 1, Single symbol, 1 additional DMRS

· TDD UL-DL pattern: 7D1S2U, S = 6D:4G:4U

· TRS configuration: 10ms, 2 slots, offset 1

· FRC: QPSK Rank 1 (MCS 4)

3 Conclusion

In this contribution we provided views on simulation assumptions for HST scenarios. In summary we make the following proposals:
Proposal #1:
Use LTE Rel-8 single tap HST channel model to define Rel-15 NR demodulation requirements.

Proposal #2:
Define only Normal PDSCH requirements for Rel-15 NR HST requirements.

Proposal #3:
Define minimum PDSCH performance for Rel-15 HST scenarios under assumption that UE uses only TRS signals for CFO tracking.

Proposal #4:
Define Rel-15 HST PDSCH requirements under the following conditions:

· Channel bandwidth and SCS: 

· FDD: 10 MHz, SCS 15 kHz

· TDD: 40 MHz, SCS 30 kHz

· PDSCH mapping: Type A, Start symbol 2, Duration 12

· DMRS configuration: Type 1, Single symbol, 1 additional DMRS

· TDD UL-DL pattern: 7D1S2U, S = 6D:4G:4U

· TRS configuration: 10ms, 2 slots, offset 1

· FRC: QPSK Rank 1 (MCS 4)
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