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1   Background
During RAN4#92, Way forward on UE demodulation for NR HST [1] was approved, following agreements for the specific transmission scheme was agreed:

	· Transmission scheme

·   HST-SFN with joint transmission. 

· Same transmission scheme as LTE HST-SFN

·   Interested companies are encouraged to study the feasibility and performance benefits for HST-SFN with DPS transmission

·   Focus on Rel-15 RAN1 physical layer design in this WI first. FFS for Rel-16 RAN1 physical layer design. 


In this contribution, we would like to further share our views about the NR HST transmission schemes under NR HST-SFN deployment scenario.

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 transmission schemes 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:
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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.
As per the discussions during RAN4#92 [2], companies are interested in the following scenarios for further discussions: 
Scenario 1: PDSCH is only transmitted from one TRP at one time (DPS: Dynamic Point Selection) 

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.
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Sub-scenario 1-2 requires UE to track 2 TCI states at the same time, as per TR 38.822:
	Index
	Feature group
	Components
	Note
	Mandatory/Optional

	2-4
	TCI states for PDSCH
	1) Support number of active TCI states per BWP per CC, including control and data

2) Maximum number of configured TCI states per CC for PDSCH
	UE is required to track only the active TCI states

For component 1 of FG2-4, if a UE reports X active TCI state(s), it is not expected that more than X active QCL type D assumption(s) for any PDSCH and any CORESETs for a given BWP of a serving cell become active for the UE.
	Mandatory with capability signalling

Component-1: Candidate value set: {1, 2, 4, 8}

Component-2: candidate value set: {4, 8, 16, 32, 64, 128}

UE is mandated to signal 64 for FR2. 

For FR1, UE is mandated to report at least the max number of allowed SSB in the band.

	2-4a
	Additional active TCI state for PDCCH
	Support one additional active TCI state for control in addition to the supported number of active TCI states for PDSCH
	Only applicable if Component-1 of 2-4 is set to 1
	Mandatory with capability signalling

	3-4
	More than one TCI state configurations per CORESET
	More than one TCI state configurations per CORESET
	UE is only required to track one active TCI state per CORESET

UE is required to support minimum between 64 and number of configured TCI states in 2-4, component 2).
	Mandatory with capability signaling which shall be set to ‘1’


From item 3-4 and 2-4, support of more than one TCI state configurations per CORESET and support more than one active TCI states per BWP per CC are features of mandatory with capability signalling, considering the Doppler shift change from TRP1 to TRP2, the new TCI state indicated by DCI can bring more accurate Doppler shift information to UE and then improved performance is expected, the flexible time frequency signal configuration scheme owned by NR that is different from LTE fixed CRS configuration can be fully utilized.
Observation 1: Scenario 1-2, i.e. DCI based TCI state switch, is a feasible scenario with more accurate Doppler shift information and improved performances.
 Scenario 2: PDSCH is jointly transmitted from two or more adjacent TRPs schedued by one single DCI (NR Rel-15)
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, there will be multi-path and Doppler spread issues.
This scenario is agreed in RAN4#92 meeting, the main reasons are that it is the same transmission scheme as LTE HST-SFN and UE only needs to track one TCI state all the time. Compared to scenario 1-2, we think this scenario is more practical in LTE using the CRS, but NR uses TRS for time and frequency tracking, it can be configured flexibly, UE can be configured with more than one TCI states and gNB activates the TCI dynamically by MAC-CE or DCI, all these new schemes in NR ensure gNB can provide flexible and accurate TCI state information to UE in real network and then improved performance.
Observation 2: Scenario 2-1, joint transmission from all TRPs scheduled by single DCI, is more suitable to LTE, but not practical to use in NR considering the TRS used for time and frequency tracking.

Scenario 3: PDSCH is jointly transmitted from two or more adjacent TRPs scheduled by multi-DCI (NR Rel-16)
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Scenario 3: 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 agreed to focus on Rel-15 RAN1 physical layer design in the WI first, considering the current ongoing RAN1 Rel-16 of enhancements on MIMO for NR [RP-182863] to be completed by March 2020, we think it is feasible to consider such scenario in later stage in this Rel-16 NR HST WI.
Observation 3: Scenario 3, multi-DCI based multi-TRP transmission, is feasible to be considered in later stage of this Rel-16 NR HST WI.

By analysing all the scenarios listed above, we think RAN4 should consider the following transmission schemes for the NR Rel-16 HST UE demodulation performance requirements by priority order:

Proposal 1: Scenario 1-2 and Scenario 3 should be considered as candidate scenrioes to study, and more study is needed for Scenario 2-1 performance compared to Scenario 2-1.
3   Conclusion
In this contribution, we further share our views on the possible transmission schemes under HST SFN scenario, and our observations and proposals are:
Observation 1: Scenario 1-2, i.e. DCI based TCI state switch, is a feasible scenario with more accurate Doppler shift information and improved performances.
Observation 2: Scenario 2-1, joint transmission from all TRPs scheduled by single DCI, is more suitable to LTE, but not practical to use in NR considering the TRS used for time and frequency tracking.

Observation 3: Scenario 3, multi-DCI based multi-TRP transmission, is feasible to be considered in later stage of this Rel-16 NR HST WI.

Proposal 1: Scenario 1-2 and Scenario 3 should be considered as candidate scenrioes to study, and more study is needed for Scenario 2-1 performance compared to Scenario 2-1.
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