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1   Background
During RAN#84, new WI on NR support for high speed train scenario [1] was approved with the following objectives for the specific scenarios:

	· 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.


In this contribution, we would like to analyze all possible NR HST deployment scenarios under NR SA single carrier scenarios.

2   Discussion

In LTE, HST related performance requirements with single tap and SFN channel with 4-taps were defined. For NR, to properly define the performance requirements, the possible deployment scenarios should be figured out.
As per TS 38.214 section 5.1.6.1.1, TRS is used for time and frequency tracking for NR DL, UE can be configured with one or more NZP-CSI-RS-ResourceSet with trs-Info in RRC connected mode. One TRS consists of 4 periodic NZP-CSI-RS resources in two consecutive slots with two periodic NZP-CSI-RS resources in each slot given by one of 
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 for frequency range 1 and frequency range 2 with the same periodicity, bandwidth and subcarrier location, each NZP-CSI-RS resource in one NZP-CSI-RS-ResourceSet can be configured with a specific TCI state, the details can be shown below:
[image: image4.png]CSk-ResourceConfig

NZP-CSI-RS-ResourceSet]
with trs-Info

NZP-CSI-RS-ResourceSet2
with trs-Info

NZP-CSI-RS-ResourceSetn
with trs-Info

nzp-CSI-RS-Resourcel-1

nzp-CSI-RS-Resourcel-2

nzp-CSI-RS-Resource2-1

nzp-CSI-RS-Resource2-2

1nzp-CSI-RS-Resourceldl
TCI-Stateld1
1nzp-CSI-RS-Resourceld2
TCI-Stateld1
1nzp-CSI-RS-Resourceld3
TCI-StateId1
1nzp-CSI-RS-Resourceld4

TCI-Stateld1




Figure 1: The TRS configuration for FR1
The TCI state indicates the specific QCL assumptions for receiving a channel or RS:
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For PDCCH, up to 64 TCI states can be configured per CORSET and 1 is activated by MAC CE; For PDSCH, up to 128 TCI states can be configured and up to 8 can be activated by MAC CE, 1 is indicated to use by DCI format 1_1.
So based on the understanding about NR TRS and TCI, we figure out the following possible NR HST scenarios:
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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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)

[image: image11.png](G

(@
P> 001 A
w1 O
N o “&1 RP2

DLData oL Control

Multi-DCI based multi-TRP transmission




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.
This is the enhancement of NR MIMO in Rel-16, it can break the restriction of backhaul delay, effectively improve the edge user rate, increase the spectrum efficiency and make multi-TRP tranmission more widely used in commercial networks, but it cannot be supported by a NR Rel-15 UE. RAN4 firstly needs to reach agreement the NR Rel-16 HST performance requirements are based on NR Rel-15 or Rel-16 core specification, i.e. whether scenario 3 should be considered or not.
3   Conclusion
In this contribution, we list the possible transmission schemes under HST SFN scenario.
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