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1 WID objectives
	· Investigate and specify the following scenarios: 

· NR SA single carrier scenario.

· Study the EN-DC scenario considering the LTE HST performance.

· The channel model: 

· HST-SFN scenarios, i.e. multiple RRHs connecting to one BBU. The channel model for HST-SFN will be discussed in this WI.

· HST single tap channel model 
· Other channel models are not precluded

· The maximum Doppler frequency will be investigated and determined based on operating frequency, velocity and the NR design limitations for all UL/DL physical channels.

· The carrier frequency is up to 3.6GHz covering both TDD and FDD.

· The feasibility of supporting speeds of up to a maximum of 500km/h will be investigated. The actual maximum supported velocity at 3.6GHz will be decided in this WI.
Objective of Demodulation Performance part:
· Specify the UE demodulation requirements and test cases for NR PDSCH 

· Other requirements are not precluded if needed. 

· 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. 2020 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.


2 Work Plan (10min)
	TDoc
	Title
	Source
	Type
	For
	Agenda item

	R4-1909056
	Work plan for demodulation part of NR support for high speed train scenario
	CMCC
	other
	Approval
	9.16.1.1


RAN4#92
· Discuss and approve the work plan.

· For DL performance enhancement

· Discuss and decide the scenario of DL demodulation performance enhancement, e.g. channel model, transmission scheme, maximum Doppler frequency, etc.

· Discuss DL demodulation performance enhancement

· PDSCH 

· Other requirements are not precluded if needed. 

· For UL performance enhancement

· Discuss and decide the scenario of UL demodulation performance enhancement, e.g. channel model, transmission scheme, maximum Doppler frequency, etc.

· Discuss UL demodulation performance enhancement

· PUSCH 
· PRACH 

· Other requirements are not precluded if needed

· Discuss an initial simulation assumption for UL demodulation performance enhancement
RAN4#92bis
· For DL performance enhancement
· Continue discussing DL demodulation performance enhancement

· PDSCH 

· Other requirements are not precluded if needed. 

· Discuss the initial simulation assumption for DL demodulation performance enhancement 

· For UL performance enhancement

· Provide initial simulation results for the UL demodulation performance enhancement.

· Continue discuss and decide UL demodulation performance enhancement.

· PUSCH 
· PRACH

· Other requirements are not precluded if needed

· Decide the UL simulation assumption for alignment

· Discuss the possible signaling impact (e.g. UE capabilities, network flag)

RAN4#93
· For DL performance enhancement
· Provide initial simulation results for the DL demodulation performance enhancement.

· Continue discussing and decide DL demodulation performance enhancement

· PDSCH 

· Other requirements are not precluded if needed.

· For UL performance enhancement
· Provide the simulation results for alignment for the UL performance enhancement

· Provide draft CR for PUSCH, PRACH

· Discuss and agree on the possible signaling impact (e.g. UE capabilities, network flag) and send LS to RAN2
RAN4#94

· For DL performance enhancement
· Decide the DL simulation assumption for alignment

· For UL performance enhancement
· Provide the simulation results with impairment for UL performance enhancement

· Approve CR for PUSCH, PRACH (at least 350km/h)
RAN4#94bis

· For DL performance enhancement
· Provide the simulation results for alignment for the DL performance enhancement

· Provide draft CR for the DL demodulation performance enhancement

· For UL performance enhancement
· Decide the UL simulation assumption for the uplink performance enhancement except for PUSCH, PRACH (if necessary)
RAN4#95

· For DL performance enhancement
· Provide the simulation results with impairment for DL performance enhancement

· For UL performance enhancement
· Provide the simulation results for alignment for the UL performance enhancement except for PUSCH, PRACH (if necessary)

· Provide draft CR for the UL demodulation performance enhancement except for PUSCH, PRACH (if necessary)
RAN4#96 
· For DL performance enhancement
· Approve CR for the DL demodulation performance enhancement

· For UL performance enhancement
· Provide the simulation results with impairment for UL performance enhancement except for PUSCH, PRACH (if necessary)

· Approve CR for the UL demodulation performance enhancement except for PUSCH, PRACH (if necessary)
Discussion
NOKIA:  could we capture BS demodulation tests for HST single tap 350km/h in work plan?

Ericsson: we can first discuss feasibility for 500km/h before March.

Samsung: the timeline is captured in the WID
Chair: WID does not preclude single tap HST requirements for higher speed

CMCC: whether to specify 350km/h is up to discussion on the feasibility of 500km/h. The work plan is general.

NOKIA: 350km/h is prioritized. 500 can be studied. 

Agreement:

Work plan is revised to:
RAN4#94

· For DL performance enhancement
· Decide the DL simulation assumption for alignment

· For UL performance enhancement
· Provide the simulation results with impairment for UL performance enhancement

· Approve CR for PUSCH, PRACH (at least 350km/h)
R4-1909056 is revised to
3 UE Demodulation (50min)
CMCC volunteers to lead WF on HST UE demodulation
R4-1908680 is revised to

3.1 List of contributions
	TDoc
	Title
	Source
	Type
	For
	Agenda item
	TDoc Status

	R4-1908680
	WF on demodulation for NR HST
	CMCC
	discussion
	Approval
	9.16.2

	R4-1908595
	Views on high-speed train tests for NR
	NTT DOCOMO, INC.
	discussion
	　
	9.16.2.1

	R4-1909874
	Discussion on scenario and transmission schemes for NR Rel-16 HST
	Huawei, HiSilicon
	response
	Discussion
	9.16.2.1

	R4-1909875
	Discuss on the maximum supported Doppler shift for NR HST
	Huawei, HiSilicon
	discussion
	Discussion
	9.16.2.1

	R4-1908189
	Discussion on simulation assumptions for NR-HST UE
	MediaTek inc.
	discussion
	Discussion
	9.16.2.2

	R4-1908203
	Views on the demodulation requirements for NR HST-SFN scenario
	Intel Corporation
	discussion
	Discussion
	9.16.2.2

	R4-1908204
	Views on the demodulation requirements for NR HST single tap scenario
	Intel Corporation
	discussion
	Discussion
	9.16.2.2

	R4-1908678
	Discussion on UE demodulation for NR support of high speed scenario
	CMCC
	discussion
	Approval
	9.16.2.2

	R4-1909171
	View on HST scenario for Rel-16 UE demodulation requirements
	Ericsson
	discussion
	Discussion
	9.16.2.2

	R4-1909247
	Simulation assumptions for NR Rel-16 HST UE PDCCH demodulation requirements
	Ericsson
	discussion
	Approval
	9.16.2.2

	R4-1909248
	Simulation assumptions for NR Rel-16 HST PDSCH UE demodulation requirements
	Ericsson
	discussion
	Approval
	9.16.2.2

	R4-1909876
	Discuss on UE demodulation requirements for NR Rel-16 HST
	Huawei, HiSilicon
	discussion
	Discussion
	9.16.2.2


3.2 SCS and channel bandwidth

Option 1: (DCM)

· FDD: 2.7 GHz with SCS=15 kHz 
· TDD: 3.6 GHz with SCS=30 kHz 

· Study the necessity of FDD with 30KHz 

Option 2 (Intel)

15KHz and 30KHz
Option 3: (huawei)
· FDD: 10 MHz, SCS 15 kHz

· TDD: 40 MHz, SCS 30 kHz (7D1S2U, S = 6D:4S:4U)

Discussion

Intel: would like to discuss  carrier frequency together with maximum Doppler
Qualcomm: do not agree with carrier frequency

Agreement
· FDD: 10 MHz, SCS 15 kHz

· TDD: 40 MHz, SCS 30 kHz 
· FFS for FDD 30KHz
3.3 Maximum Doppler frequency and target speed
Option 1 (CMCC): 

· the DL maximum Doppler shift is 1667Hz for 30KHz 
Option 2 (Huawei):
For 2.7GHz 15KHz

· DL: 350km/h with fd = 875Hz
For 3.6GHz 30KHz

· DL: 450km/h with fd = 1500Hz
Option 3 (Intel)
· 
from 1.0 kHz to 1.6 kHz in application to HST-SFN scenarios.
Option 4 (Ericsson)

· 
at most 1,666Hz considering the target scenario of 500km/h at carrier frequency of 3.6GHz for both FDD and TDD.
Discussion
Intel: decide maximum Doppler for different scenario considering different SCS, single tap and HST-SFN
Qualcomm: similar with Intel.  HST-SFN should discuss separately. Degradation is observed at LTE stage for HST-SFN. Need more study.
Huawei: according to WID, 3.6GHz and 500km/h is the target. The limit is 1667Hz.
Intel: need to differentiate scenarios.
MTK: for 30KHz 500km/h, 1667Hz is feasible. FDD 15KHz  needs  further study
Qualcomm: HST is easier compared to HST-SFN.
Huawei: scenarios should be equal.
Intel: which scenario is easier is questionable.

MTK: from our perspective, 1667Hz is feasible for both HST single tap and HST-SFN.
Huawei: our proposal is based on all physical channel limitations.
Intel: propose single tap HST 1000Hz and HST-SFN 1667 Hz

Qualcomm/MTK: why HST single tap is lower

Intel: HST has double UL Doppler frequency

Agreement
For TDD 30KHz

· For HST single tap, maximum Doppler 1667Hz  is feasible.

· For HST-SFN, further study the maximum Doppler frequency:

· Option 1: 1667Hz for 30KHz

· Option 2: 1500Hz for 30KHz
· Option 3: 1167Hz for 30KHz
Other values targeting lower speed can be further discussed.
· For HST-SFN 
· Option 1: 1167Hz for 30KHz
For FDD 15KHz, further study the feasible maximum Doppler frequency.
· Single tap HST

· Option 1: 1000Hz

· Option 2: 1250Hz

· HST-SFN

· Option 1: 1667Hz

· Option 2: 1250Hz
· Option 3: 875Hz 

· Option 4: 972Hz
· Option 5: 780Hz
Other values targeting lower speed can be further discussed.
· HST-SFN 
· Option 1: 875Hz
3.4 Deployment Scenario

Option 1: HST-SFN with bidirectional coverage (CMCC, DCM, Ericsson, MTK, Huawei, Qualcomm, Ericsson)
Option 2: HST single tap (CMCC, DCM, Ericsson, MTK, Huawei, Ericsson)
Option 3: multi-path fading channel (CMCC, DCM, Intel)
Discussion
Qualcomm: if you can pass HST-SFN with 4 paths and high Doppler. Why need muti-path fading channel?
Ericsson: no need option 3.

MTK: option 3 needs more discussion.

CMCC: fading channel only support 400Hz in Rel-15. Higher Doppler is needed for fading channel.

MTK: is fading channel typical for HST scenario?

CMCC: consider different operator’s deployment scenarios
Samsung: for option1 and option2, only select one scenario or both?

Chair: both

Agreement
HST-SFN with bidirectional coverage

HST single tap 

FFS for multi-path fading channel

Applicability rule will be discussed 
3.5 Channel model
HST single tap
· Existing channel model in TS38.101-4
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	750 Hz for 15 kHz SCS test
	1000 Hz for 30 kHz SCS test


Option 1: Ds=300m , Dmin=2m (DCM)
Option2: Ds=700m, Dmin=150m (CMCC)
Discussion

CMCC: numbers are based on our deployment.

Samsung: for NR deployment?

CMCC: Yes.

DCM: support option 1

Intel: can consider both options

Qualcomm: option 2 for both HST single tap and HST-SFN. We don’t understand the performance difference. We need further study. It may degrade the performance.

Agreement: 

For HST single tap
Option 1: Ds=300m , Dmin=2m 

Option2: Ds=700m, Dmin=150m 

HST-SFN:
· Existing channel model in TS36.101
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 Reuse the RRH deployment and corresponding 4-tap channel models applied in LTE HST-SFN as the baseline (MTK, CMCC)
Option 1: Ds=1000m, Dmin=50m

Option 2: Ds=700m, Dmin=150m (CMCC)
Discussion
Huawei: agree to consider bi-directional HST-SFN. Number of taps needs further study.

Qualcomm: taps are the RRHs that UE can see. Reducing Ds (option 2) also impact RRM.
Agreement

Reuse LTE HST-SFN bi-directional channel model, and number of taps can be further discussed.

· Option 1: Ds=1000m, Dmin=50m

· Option 2: Ds=700m, Dmin=150m

· Option 3: Ds= 300m, Dmin=2m
RRM impact needs to be considered.

3.6 Transmission scheme

Option 1: HST-SFN with joint transmission (CMCC, Intel, Huawei)
Option 2: HST-SFN with DPS transmission (CMCC, Huawei)
Option 3: Non-SFN RS transmission (non-SFN DMRS transmission and SFN PDSCH transmission) (Intel)
Scenario 1: PDSCH is only transmitted from one TRP at one time (DPS: Dynamic Point Selection) 

Scenario 1 can be further categorized to two scenarios as per the configured number of TCI states.

Scenario 1-1: Only one same TCI state is configured by higher layer signaling all the time. When UE moves from the coverage of TRP1 to TRP2, gNB needs to inform UE to change the data reception from TRP1 to TRP2, there will be dramatic Doppler shift change and large interruption, but UE only needs to track one TRS all the time.
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Scenario 1-1: Only one TCI is configured




Sub-scenario 1-2: Multiple TCI states, such as 2 TCI states, are configured by RRC signalling, but only one TCI state is activated by DCI at a time for data reception. UE is required to track two TCI states all the time. But there will be no switching delay for UE to acquire the new QCL assumptions from the DL DCI scheduling the PDSCH for FR1 and no interruption will happen.
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Sub-scenario 1-2 is a little complex compared to Sub-scenario 1-1 that requires UE to track 2 TCI states at the same, but no switching delay and no interruption for FR1 are big attraction.
Scenario 2: PDSCH is jointly transmitted from two or more adjacent TRPs schedued by one single DCI (NR Rel-15)
Also as per the configured number of TCI states and the QCL information relationship, two sub-scenarios can be categorized:

Sub-scenario 2-1: Same data is transmitted from multiple TRPs scheduled by single DCI, i.e. transmit diversity. It is similar as LTE SFN scenario.
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Because same TRS is transmitted from both TRP1 and TRP2 by different taps, they will be multi-path and Doppler spread issues.

Sub-scenario 2-2:  Same data is transmitted from multiple TRPs 
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This scenario is not supported as per the NR core specification.
Scenario 3: PDSCH is jointly transmitted from two or more adjacent TRPs scheduled by multi-DCI (NR Rel-16)
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UE is configured with multiple TRS, data is scheduled by different DCI from different TRP, and each TRP activates the TCI state to be in use by DCI based.

Discussion
Qualcomm: option 2 has impact on QCL information and dynamic scheme. Time tacking may have problem. Option 3 , RRH will not serve much UE and increase backhaul overhead
Ericsson: have concern on option 2. LTE DPS is not used for HST, don’t think it is feasible for HST.
MTK: option 2 is scenario 1-1 or 1-2? 

CMCC: ours is 1-2.

MTK: 1-2 could be OK, but may have some impact during TCI change. Need further study. Option 3 also has RAN1 impact.

Huawei: scenario 2-1 is more similar with LTE. Scenario 3 belongs to Rel-16 RAN1 scope. This WI based on Rel-15 spec of Rel-16 spec?

MTK: Rel-16 multi DCI is still under RAN1 discussion. Scenario 1-2 and 2-1 can be further discussed. 

CMCC: we prefer to base on Rel-15 RAN1 physical layer design.
Huawei: Rel-16 RAN1 design is also feasible for this WI

MTK: scenario 2-2 will have problem with QCL.

Agreement

Focus on Rel-15 RAN1 physical layer design in this WI first. Rel-16 RAN1 design can be discussed later.
HST-SFN with joint transmission. 

Study the feasibility and performance benefits for HST-SFN with DPS transmission
3.7 Simulation assumption

Number of additional DMRS: 
Option 1: 2 (Huawei, Ericsson)

Option 2: 3 (Ericsson)

Option 3: 3 for 15KHz SCS and 2 or 3 for 30KHz SCSs (Intel)

Agreement : 
Number of DMRS( single symbol DMRS, type 1 DMRS)
Option 1: 1+2

Option 2: 1+3
TRS periodicity:
Option 1: 10ms (Huawei, Intel, Ericsson)

Agreement
TRS periodicity: 10ms 
FRC

Option 1: 16QAM Rank 1 (MCS 13) (Huawei)
Option 2: (MTK)

· Properly define the rank/MCS for different UE positions throughout the test

· Consider PDSCH with rank up to 2/4 for 2RX/4RX test, respectively  

Discussion
Qualcomm: does MTK want to specify two sets of requirements?
MTK: we observe different performance for different MCS. Can be further discussed.
3.8 Others

Issue 1:

For HST-SFN, target speed is 350 km/h and 500 km/h. (DCM, CATT)

For HST single tap downlink, target speed is 500 kmh. (DCM)
Qualcomm: try to understand the motivation to define 350km/h? Why increase test numbers?
DCM: parameters can be different for different speeds
CATT: 350km/h should be supported at least. 500km/h need to be studied.

Intel: share similar view as Qualcomm. Define the maximum Doppler frequency requirements.
DCM: even UE can support 500km/h, it does not mean 350km/h can have good performance. Prefer to have different requirements.

Qualcomm: don’t see how UE can optimize based on different speeds. 

Huawei: single requirement is feasible, share similar view with Qualcomm and Intel.

DCM: would like to discuss together with 3.3.
Issue 2: 
Investigate PDCCH performance under high Doppler condition. (Ericsson)

Qualcomm/ Huawei/ Samsung/Intel: if we can support PDSCH under high speed, PDCCH should be fine. Not necessary to define PDCCH
Issue 3: 
For EN-DC：No new performance requirements need to be defined for EN-DC and UE just test the HST performance requirements for LTE and NR separately. (Huawei)
Qualcomm: EN-DC doesn’t need to test LTE requirements.

CMCC: intention is to test LTE and NR separately
Huawei: Qualcomm’s comment is that UE already pass LTE HST tests.

Qualcomm: if UE pass NR single carrier, no EN-DC test is needed.
Issue 4:
Further study the following candidate enhancements for NR HST-SFN scenarios (Intel)
· Enhanced UE receiver

· BS frequency pre-compensation

· Non-SFN RS transmission (non-SFN DMRS transmission and SFN PDSCH transmission)
Intel: we try to highlight all possible enhancements. Should be further discussed.
Qualcomm: BS frequency pre-compensation is not feasible in LTE HST enhancement WI. Is there any new idea on the solution for BS frequency pre-compensation?

Ericsson: BS frequency pre-compensation is complex. 

Huawei: not sure any enhancement solutions will impact the core spec.
4 BS Demodulation (60min)
Huawei volunteers to lead WF on HST BS demodulation
Need new Tdoc number
4.1 List of contributions

	TDoc
	Title
	Source
	Type
	For
	Agenda item

	R4-1908056
	Discussion on the PUSCH demodulation requirements for Rel-16 NR-HST scenarios
	Ericsson
	discussion
	Discussion
	9.16.2.3

	R4-1908057
	Simulation Assumptions for NR HST PUSCH Demodulation Requirements
	Ericsson
	other
	Approval
	9.16.2.3

	R4-1908119
	View on  BS performance requirements for high speed scenario  in NR Rel-16
	Samsung
	discussion
	Discussion
	9.16.2.3

	R4-1908120
	Discussion and initial simulation results for NR HST PUSCH
	Samsung
	discussion
	Discussion
	9.16.2.3

	R4-1908121
	Discussion and initial simulation results for NR HST PRACH
	Samsung
	discussion
	Discussion
	9.16.2.3

	R4-1908133
	NR Rel-16 HST simulation results
	Nokia, Nokia Shanghai Bell
	discussion
	Discussion
	9.16.2.3

	R4-1908134
	On NR Rel-16 HST BS demodulation requirements
	Nokia, Nokia Shanghai Bell
	discussion
	Discussion
	9.16.2.3

	R4-1908282
	Discussion on maximum Doppler shift in uplink for Rel-16 high speed train scenarios
	Nokia, Nokia Shanghai Bell
	discussion
	Discussion
	9.16.2.3

	R4-1908393
	Discussion on the simulation assumption for HST PUSCH
	CATT
	discussion
	Agreement
	9.16.2.3

	R4-1908394
	Discussion on the simulation assumption for HST PRACH
	CATT
	discussion
	Agreement
	9.16.2.3

	R4-1908658
	NR PUSCH requirements for high speed
	NTT DOCOMO, INC.
	other
	Approval
	9.16.2.3

	R4-1908659
	NR PRACH requirements for high speed
	NTT DOCOMO, INC.
	other
	Approval
	9.16.2.3

	R4-1908679
	Discussion on BS demodulation for NR support of high speed scenario
	CMCC
	discussion
	Approval
	9.16.2.3

	R4-1908794
	Discussion on PRACH BS demodulation issues in HST scenarios for Rel-16 NR
	Ericsson
	discussion
	Discussion
	9.16.2.3

	R4-1909877
	Discuss on BS demodulation requirements for NR Rel-16 HST
	Huawei, HiSilicon
	discussion
	Discussion
	9.16.2.3


4.2 Target speed

Option 1: 350km/h and 500Km/h 
Option 2: 500km/h

Discussion
Ericsson: check before March on both 350 and 500km/h
NOKIA: OK with option 1.
Samsung: prioritize 350km/h, study feasibility on 500km/h
Huawei: first study feasibility on 500km/h, if feasible speed is higher than 350km/h, we can have only one set of requirements.
NOKIA: according to note in the WI, either one set of requirements or two is feasible
CATT: prefer option 1.

Huawei: is every company OK with two sets of requirements? 

NOKIA: open to one or two sets of requirements

Samsung: agree to have 350km/h, 500km/h is open to discuss
DCM: at least 350km/h need to be defined. 500km/h will be discussed further.

Ericsson: work on 350 and study feasibility for 500
NOKIA: WID is clear. Target for March is 350, target for WI is 500.

CMCC: first study feasibility of 50 . If feasible and can be finalized by March, it can also be specified.
Agreement

350km/h and 500Km/h
4.3 PUSCH
4.3.1 Maximum Doppler shift

Option 1: (DCM 350km/h)
· 15kHz SCS: 1340Hz
· 30kHz SCS: 2334Hz
Option 2: 3.4 KHz 30KHz 500km/h (CMCC)
Option 3:  (Ericsson)

· 15kHz SCS: lower than 3334Hz
· 30kHz SCS:  can support n 77 with 500km/h (3334Hz)

Option 4: (Huawei)
· 1340Hz (350km/h@Band n1(2.1GHz)) with single tap channel model
· 2600Hz with 30KHz SCS to support higher velocity under HST-SFN channel model
Discussion
Huawei: do we need to differentiate different channel models?
Samsung: BS only consider single tap HST.

CMCC: would like to check with BS vendors whether only single tap HST is enough?

Samsung: type 1 with double symbol DMRS can support higher doppler

Agreement

For single tap HST 350km/h
· 15kHz SCS: 1340Hz
· 30kHz SCS: 2334Hz
For single tap HST 500km/h 
· 15kHz SCS: 
· Option 1: 2500Hz

· Option 2: 1500Hz

· Option 3: 1400Hz

· 30kHz SCS:  
· Opion 1: 3334Hz
· Option 2: 2600Hz

· Option 3: 3000Hz
4.3.2 Channel model
Q1 (CMCC)
It is proposed to consider following two channel models at BS side. And BS vendor’s input is encouraged to determine the channel model.

· 
Option 1: HST single tap, the time/frequency tracking and demodulation are performed by each RRH

· 
Option 2: HST-SFN, RRH transmits data to BBU, and the time/frequency tracking and demodulation are performed by BBU
Option 1: scenario 1 (Open space) and scenario 3 (Tunnel) (Samsung, DCM)

	Parameter
	Value

	
	Scenario 1
	Scenario 3
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	1340 Hz
	1150 Hz


Option2: Ds=700m, Dmin=150m (CMCC)

Option3: single tap HST scenario with up to 350km/h (Huawei, DCM)
	Parameter
	Value

	
	Scenario X
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	15kHz SCS: 1340Hz
30kHz SCS: 2334Hz


Discussion
DCM: would like to consider fading channel as UE side
Agreement

For 350km/h, both tunnel and open space channel model need to be considered.
· For tunnel: 

	Parameter
	Value

	
	Scenario X
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	15kHz SCS: 1340Hz
30kHz SCS: 2334Hz


· For open space:
· Option 1:

	Parameter

	
	Scenario 1
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	-
15kHz SCS: 1340Hz

-
30kHz SCS: 2334Hz


· Option 2: Ds=700m, Dmin=150m

For 500km/h, both tunnel and open space channel model need to be considered.
· For tunnel: 

	Parameter
	Value

	
	Scenario X
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· For open space:
· Option 1:

	Parameter

	
	Scenario 1
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· Option 2: Ds=700m, Dmin=150m

4.3.3 SCS and bandwidth

· CP-OFDM 

· Option 1: (DCM, CMCC)
· 15kHz: 5/10/20MHz , 30kHz: 10/20/40/100MHz 
· Option 2(Huawei): 20MHz/15KHz, 40MHz/30KHz

· Option 3(NOKIA): 10Mhz/30KHz
· DFT-S-OFDM 

· Option 1: (DCM) 15kHz: 5MHz , 30kHz: 10MHz 
· Option 2(NOKIA): 10Mhz/30KHz
Discussion
Huawei: prefer to only consider CP-OFDM
DCM: important to keep both waveforms.

Huawei: DFT-S-OFDM is not practical scenario for HST

Samsung: prefer to use previous WF. Reduce test case numbers.

CMCC: support option 1for CP-OFDM
Huawei: one channel bandwidth per SCS. 

CMCC: LTE has tests for all bandwidths and define applicability rule for testing

Samsung: For NR we have different SCS and bandwidths. Workload for simulation is high.

Agreement
4.3.4 Reference signal
Option 1: DMRS (Nokia)
Option 2: PT-RS (Nokia)
Option 3: Before finally deciding on the reference signal structure (DM-RS or PT-RS), the usefulness of ICI cancellation should be studied further. (Ericsson)

Discussion
Agreement
4.3.5 Antenna configuration

Option 1: 1x2, 1x4, 1x8 (DCM) 
Option 2: 2Tx, study the feasibility

Option 3: 1x2 (Huawei)
Discussion
Agreement
4.3.6 Waveform
Option 1: Both CP-OFDM and DFT-S-OFDM (DCM)

Option 2: CP-OFDM (Huawei)

Discussion
Agreement
4.3.7 DMRS Configuration

Option 1: 1+1+1 (DCM, NOKIA, Ericsson)
Option 2: Double symbol DMRS with 1 additional double symbol DMRS configuration (Samsung)
Discussion
Agreement
4.3.8 PUSCH mapping type 

· Option 1: type A
· Option 2: both type A and type B

Discussion
Agreement
4.3.9 L0 for PUSCH mapping type A

· Option 1: l0 = 3 

· Option 2: l0 = 2 (DCM, Ericsson, NOKIA)
Discussion
Agreement
4.3.10 MCS

· Option 1: MCS 2 (NOKIA, DCM)
· Option 2: MCS2, MCS 16 or/and MCS 20 (DCM)
· Option 3: Consider the moderate code rate from the existing FRC (i.e. MCS16) for the legacy/bi-directional HST scenarios. (Ericsson)
4.3.11 Test metric

SNR @70% of maximum throughput (DCM, Huawei)

SNR @30% of maximum throughput (DCM)
4.3.12 UL timing adjustment

Option 1: (DCM)
Table 2. Proposed parameters for NR UL timing adjustment test.
	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
	Normal
	Normal

	A
	10*15/SCS μs
,where SCS is Sub Carrier Spacing in kHz.
	10*15/SCS s
,where SCS is Sub Carrier Spacing in kHz.
	10*15/SCS s
,where SCS is Sub Carrier Spacing in kHz.

	
	0.04 s-1
	 0.13 s-1
	 0.18 s-1


Proposal 1: Define PUSCH with 15kHz SCS HST performance requirements with Doppler shift 1340Hz (350km/h@Band n1(2.1GHz)) to meet the deadline of March 2020 for PUSCH with single tap channel model.
Proposal 2: Define PUSCH with 30kHz SCS HST performance requirements with Doppler shift 2600Hz to support higher velocity under HST-SFN channel model.

4.4 PRACH
4.4.1 Channel model
Option 1 (Ericsson) : Align channel models for PRACH and PUSCH.
Option 2: TDL-C fading channel 
4.4.2 PRACH format
· Option 1: PRACH format 0 (NOKIA, Huawei)
· Option 2: Format 3/Ax/Bx/Cx for 500km/h (CMCC)
· Option 3: Format C2 for the PRACH HST performance requirements to support carrier frequency 3.6GHz and velocity up to 500km/h under fading condition. (Huawei)
4.4.3 The restricted set type

· Option 1: type A

· Option 2: both type A and type B (DCM)

· Option 3: Check the performances of the restricted set A at high frequency offset for different combinations of test preamble id and the logical root sequence, e.g., logical_root_sequence_id=384 and test_preamble_id=0, 18, 36; logical_root_sequence_id=262, 264, 382 and test_preamble_id=0. Re-consider choosing other test patterns for restricted set A. (Ericsson)
4.4.4 Frequency offset under AWGN
· Frequency offset for restricted set Type A 

· 1340Hz  with AWGN (DCM, Huawei)

· 400Hz with TDLC 300-100 (DCM)
· Frequency offset for restricted set Type B 

· 1945Hz, 2334Hz and 3334Hz (DCM)
· Lower than 2500Hz (Samsung)

· 1875Hz (Huawei)
4.4.5 Frequency offset under fading
· Frequency offset for restricted set Type A and B 

· Option 1: TDLC300-100 with FO 400 Hz (Baseline in RAN4#90Bis meeting, DCM) 

· Option 2: TDLC300-a with FO 400 Hz, where a= {1340, 1875, 2000}Hz
· 350kph Doppler equivalent (NOKIA)
4.4.6 Antenna configuration: 
· Option 1: 1x2, 1x4 and 1x8 (Huawei, DCM)

4.4.7 Test metric (Same as other PRACH tests) 
· False alarm probability: 0.1% 

· missed detection: 99% 
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