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1   Background
During RAN4#93, further discussions about NR HST transmission scheme happened, way forward on UE demodulation for NR HST [1] was approved with following candidate transmission schemes listed for further study:

	· DPS transmission scheme 1a is feasible in HST scenario for both UE and BS. Whether to define new requirements and tests for DPS transmission scheme 1a are FFS.

· DPS transmission scheme 1b is feasible in HST scenario for both UE and BS. Whether to define new requirements and tests for DPS transmission scheme 1b are FFS.

· Further study feasibility and performance benefits of transmission scheme 2 when its details are finalized by RAN1

· Transmission scheme 3

· Further check whether Rel-16 eMIMO WI can support transmission scheme 3

· If it is supported in Rel-16 eMIMO WI, further study feasibility and performance benefits of transmission scheme 3 in Rel-16 HST WI when its details are finalized by RAN1

· If it is not supported in Rel-16, no requirements are defined in Rel-16 HST WI. Companies can bring analysis on the performance benefits and feasibility
· Candidate transmission scheme to be further studied

· Transmission scheme 1 - DPS: PDSCH is only transmitted from one TRP at one time

· Transmission scheme 1a: UE only needs to track 1 TCI state (detail can be found in R4-1911003)
· Transmission scheme 1b: UE needs to track more than 1 TCI states (detail can be found in R4-1911091)
· Transmission scheme 2 - PDSCH is jointly transmitted from two or more adjacent TRPs scheduled by multi-DCI(detail can be found in R4-1911091)

· Transmission scheme 3 - Joint transmission + Distributed reference signal (detail can be found in R4-1911003)

· joint transmission + Distributed TRS
· joint transmission + Distributed DMRS


In this contribution, we would like to further share our views about the DPS transmission scheme for NR HST.

2   Discussion

Transmission scheme 1 - DPS: PDSCH is only transmitted from one TRP at one time:

For the listed transmission schemes [1], as per the RAN1 physical layer design from Rel-15 and Rel-16, we give our analysis one by one.
· DPS transmission scheme 1a is feasible in HST scenario for both UE and BS.  Whether to define new requirements and tests for DPS transmission scheme 1a are FFS.

· DPS transmission scheme 1b is feasible in HST scenario for both UE and BS.  Whether to define new requirements and tests for DPS transmission scheme 1b are FFS.

The difference between DPS transmission scheme 1a and 1b is the number of TCI state to track, both are feasible for both UE and BS as per the previous discussion. Although supporting 1 TCI state is mandatory for UE and supporting more than 1 TCI states, such as 2 TCI states, is mandatory with capability signalling. But either RRC based TCI state switch or MAC CE based TCI state switch is needed for transmission scheme 1a, longer hard switch delay is required from old TCI state to the new TCI state and interruption will happen due to one slot timing adjustment on the serving cell, bad performance is expected for this transmission scheme. DCI based TCI state switch for transmission scheme 1b requires UE to track two active TCI states at the same but indicates the current TCI state for Doppler shift estimation, there will be no switching delay for UE to acquire the new QCL assumptions from the DCI scheduling the PDSCH for FR1 and more accurate Doppler shift information without multi-path and Doppler spread issue and the improved performance compared to JT transmission scheme, it is an important and practical scenario to consider during the NR HST performance requirements discussion by making full use of the flexible time frequency signal configuration scheme owned by NR that is different from LTE fixed CRS configuration.
Tracking 2 TCI states can bring better performance compared to tracking 1 TCI state, also if UE can track two TCI states, it definitely can support to track one TCI state, so only define performance requirements for transmission scheme 1b is enough.
Proposal 1: Only define performance requirements for transmission scheme 1b for DPS.
Transmission scheme 2 - PDSCH is jointly transmitted from two or more adjacent TRPs scheduled by multi-DCI
In this transmission scheme, a UE may be scheduled by two PDCCHs independently in TDM/FDM manner, to receive two full/non/partial overlapping PDSCHs, in the same carrier, multiple TCI states assiciated with different TRS are configured, both joint and separate HARQ-ACK feedback are supported for two TRPs. These are the enhancements of NR MIMO in Rel-16, it can break the restriction of backhaul delay, effectively improve the edge user rate and increase the spectrum efficiency. Multiple enhancements compared to NR Rel-15 are introduced, this multi-TRP transmission scheme is an important enhancements in NR Rel-16 eMIMO WI, there are many aspects needs to be discussed to decide the specific test parameters and the core part will be completed by March, 2020, considering limited high speed train performance requirements, i.e. only single tap related, are defined in NR Rel-15, to speed up the high speed train WI work and guide the real testing as early as possible, it is better to consider this transmission scheme in the upcoming NR Rel-16 eMIMO WI.
Proposal 2: Define performance requirements related to transmission scheme 2 in NR Rel-16 eMIMO WI
Transmission scheme 3 - Joint transmission + Distributed reference signal (detail can be found in R4-1911003)

· joint transmission + Distributed TRS

· joint transmission + Distributed DMRS

For sub-scheme joint transmission + Distributed TRS, this scheme is not supported in both NR Rel-15 and Rel-16 and updates to the core specifications about the existing TCI state concept are needed, it is under the study scope of NR Rel-17 FeMIMO WI [10], RAN4 cannot define the performance requirements for it in NR Rel-16.
Observation: Transmission scheme of joint transmission + Distributed TRS does not belong to NR Rel-15 and NR Rel-16 work scope.
For sub-scheme joint transmission + Distributed DMRS, one TCI state related to PDCCH SFN transmission and two TCI states associated with different PDSCH DM-RS AP are supported in NR Rel-16 eMIMO WI, as we stated for transmission scheme 2, this is just finalized in NR Rel-16 eMIMO WI, to speed up this NR Rel-16 HST enhancements WI, it is better to discuss it in NR Rel-16 eMIMO WI.
Proposal 3: Not consider transmission scheme 3 in the NR Rel-16 HST enhancements WI.
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: Transmission scheme of joint transmission + Distributed TRS does not belong to NR Rel-15 and NR Rel-16 work scope.
Proposal 1: Only define performance requirements for transmission scheme 1b for DPS
Proposal 2: Define performance requirements related to transmission scheme 2 in NR Rel-16 eMIMO WI
Proposal 3: Not consider transmission scheme 3 in the NR Rel-16 HST enhancements WI
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