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Introduction
Rel.16 LTE high speed scenario Work Item was approved in RAN#80 Meeting in June 2018 and the Work Item Description (WID) was in [1]. The objectives in the WID include:

Objective of SI or Core part WI or Testing part WI
The core part of this WI include
· Extend the RRM/demodulation enhancement to CA scenario [RAN4/RAN2]
· At least, extend Rel-14 RRM/demodulation enhancement to CA case 
· The following new scenario are considered [RAN4]
· [bookmark: OLE_LINK38]The target speed is 500km/h
· SFN scenario defined in TS36.101 and TR36.878 with bidirectional coverage for tunnel and open space 
· SFN scenario defined in TS36.878 with unidirectional coverage for tunnel and open space
· More discussion on how to specify the general unidirectional antenna pattern 
· In addition to SFN scenarios, other deployment scenarios are not precluded
· [bookmark: OLE_LINK39]Evaluate the downlink and uplink demodulation performance under the above scenarios, using the existing LTE CRS/DMRS, and study the enhancement of the downlink and uplink demodulation under those scenarios [RAN4] 
· New or modified physical layer reference signals shall not be considered
· Change for PRACH shall not be considered 
· The maximum Doppler shift supported by the LTE CRS/DMRS transmission schemes is to be determined by RAN4
· If RAN4 identifies the necessity for enhancements, define relevant signaling support [RAN4/RAN2]
· Investigate the RRM measurement performance in the high speed scenario [RAN4]
· If RAN4 identifies the necessity for enhancements, define relevant signaling support [RAN4/RAN2]
· Investigate the robustness for RLM in the high speed scenario [RAN4]
·  If RAN4 identifies the necessity for enhancements, define relevant signaling support [RAN4/RAN2]

Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.
The performance part of this WI include
· Specify the necessary RRM test cases
· Specify measurement accuracy requirements for the new scenarios
· Specify the necessary UE demodulation performance requirements, and CSI reporting requirements if any
· Specify the necessary BS demodulation performance requirements if any

In this contribution, we focus and provide our view on the enhancement aspects related to downlink demodulation performance under the identified high speed scenarios.

Discussion
Channel Model
In the WID, it brings up the following channel models:

· SFN scenario defined in TS36.101 and TR36.878 with bidirectional coverage for tunnel and open space 
· SFN scenario defined in TS36.878 with unidirectional coverage for tunnel and open space
· More discussion on how to specify the general unidirectional antenna pattern 
· In addition to SFN scenarios, other deployment scenarios are not precluded
Back to Rel.14 HST discussion, simulation results had proved that:
For bidirectional HST-SFN coverage, and with the typical HST-SFN network deployment parameters, such as distance between two RRHs, there was only marginal demodulation performance difference between tunnel and open space scenario. Therefore, in the end, RAN4 down selected one scenario (open space) to define requirement.

Proposal 1: down select one HST-SFN scenario out of tunnel and open space scenarios to define Rel.16 HST demod requirements. A tentative plan can be to select the open space scenario with open space HST-SFN network deployment parameters defined in Rel.14 HST WI.

As for the unidirectional HST-SFN deployment which was studied in the HST Study Item, it was initially promised no multiple +/- max Doppler shifts caused by multiple HST-SFN paths, because a UE in a unidirectional HST-SFN network is supposed to always see a strongest path that is much stronger that the rest of the paths. However, the HST SI studied and made conclusion that practical uni-directional HST-SFN still frequently receives two equally strong paths (with larger and opposite Doppler shifts) due to antenna’s side-lobe impact. Moreover, it was observed that unidirectional HST-SFN may suffer demodulation performance degradation at places where two equally strong paths are received. This problem could mean that it requires similar enhancement methods to bi-directional HST-SFN deployment.

Proposal 2: for the purpose of performance enhancement in HST-SFN network, we propose to focus and prioritize Rel.14 bi-directional HST-SFN channel model.

Maximum Doppler Shift
One major difference of Rel.16 high speed scenario is the train speed is now 500km/h, whereas for Rel.14, it was 350km/h. Such significant speed increase would result in large Doppler shift increases. As for the frequency offset range depends on the distance of RS in time. For example, CRS transmission mode assumes CRS to do FO tracking. The shorter CRS time distance between OFDM symbol 4 and 7 would set the FO estimation range to 2.3kHz (shown in Fig.1 below). Considering the AFC operation, the max Doppler shift that a UE can handle is about +/-1kHz.
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Fig1. CRS symbols on one PRB

Given carrier frequency of 2.69GHz (which was used to define Rel.14 high speed demodulation simulation assumptions), the maximum Doppler shift would reach about 1.2kHz. In our view, 2.69GHz could be the highest carrier frequency for application in Rel.16 HST WI.

Proposal 3: Reuse Rel.14 LTE HST carrier frequency 2.69GHz in the Rel.16 LTE HST studies.
Transmission Mode
LTE DMRS is not as dense as CRS, so the FO estimation range of DMRS is much smaller that CRS. Therefore,

Proposal 4: for the current stage, focus on the Rel.14 HST CRS transmission mode and corresponding demodulation requirements.
CSI
There was extensive discussion on CSI feedback issue in Rel.14 HST WI. However, CSI requirements were not introduced to Rel.14 HST WI. Because the LTE CSI feedback is generally 8ms, it would simply break the coherent time requirement when the HST is running fast. For example, if a train is running at 350km/h with 870Hz Doppler shift, the coherent time would be around 1ms. Now, for Rel.16, the train speed is even faster to 500km/h.

Proposal 5: Not introduce CSI feedback requirement in Rel.16 HST WI.
Conclusion
In this contribution, we focus and provide our view on the enhancement aspects related to downlink demodulation performance under the identified high speed scenarios.

Proposal 1: down select one HST-SFN scenario out of tunnel and open space scenarios to define Rel.16 HST demod requirements. A tentative plan can be to select the open space scenario with open space HST-SFN network deployment parameters defined in Rel.14 HST WI.

Proposal 2: for the purpose of performance enhancement in HST-SFN network, we propose to focus and prioritize Rel.14 bi-directional HST-SFN channel model.

Proposal 3: Reuse Rel.14 LTE HST carrier frequency 2.69GHz in the Rel.16 LTE HST studies.

Proposal 4: for the current stage, focus on the Rel.14 HST CRS transmission mode and corresponding demodulation requirements.

Proposal 5: Not introduce CSI feedback requirement in Rel.16 HST WI.
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