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1   Background
During RAN4#92, HST-SFN with joint transmission that is same as LTE HST-SFN was agreed [2], but the HST-SFN with DPS transmission is still FFS after further discussion in RAN4#92Bis, way forward on UE demodulation for NR HST [1] was approved during RAN4#92Bis, following information is listed for further study:

	· 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

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.
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
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Scenario 1-1: Only one TCI is configured




This transmission scheme has lower UE capability request that UE only needs to track 1 TCI state, but as discussed in [5][6], whether RRC based TCI state switch or MAC CE based TCI state switch, longer 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.
Observation 1: Longer TCI state switching and bad performance can be expected for transmission scheme 1a.
Transmission scheme 1b: UE needs to track more than 1 TCI states
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Scenario 1-2: Multiple TCls are configured
by RRC, DCI based TClI state switch




We think that it is more practical to focus on 2 TCI states tracking scenario firstly considering the UE tracking capability. 2 TCI states are configured by RRC and activated by MAC-CE, but only one TCI state is indicated by DCI at a time for data reception, network indicates UE to switch the TCI state by DCI dynamiclly when UE moves from TRP1 to TRP2, such as as per the received L1-RSRP meanurement report. 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 DCI scheduling the PDSCH for FR1. Although tracking two TCI states is a UE feature of mandatory with capability signalling, but considering the 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.

RAN4 has defined performance requirements for features of mandatory with capability signalling and even for optional UE features, by defining the applicability rule for mandatory with capability signalling like did for those requirements defined in specification, we think that it is feasible to define related NR HST performance requirements for DPS with 2 active TCI states tracking. 
As per the discussions in RAN4#92Bis, company raised 3 questions for the DPS transmission:

1.
Whether network can schedule DPS and joint transmission depending on different UE capabilities of supporting two TCI states.
From our point of view, it is feasible that network can schedule DPS with two active TCI states tracking and joint transmission with only one active TCI state tracking as per the UE capability of supporting one or two active TCI states tracking, it is the requirement of the core specification and NR Rel-15 UE feature list.
2.
Whether there is any performance difference between DPS and HST single tap from UE demodulation perspective.
There may be no big performance difference between DPS with 2 active TCI states tracking and HST single tap channel model defined in the specification, but HST single tap is a too ideal channel model, frequent handover will happened during the train movements, it is not practical to use in the real network deployment and more like DPS with 1 active TCI state tracking without considering the performance loss caused by longer switching delay and interruption.
3.
Whether one TCI state is feasible for DPS transmission.

From theory point of view, transmission sceheme 1a is feasible for DPS transmission if we do not consider the performance loss caused by longer switching delay and interruption. From the real deployment point of, it is not feasible considering the performance and user experience during the train movement.
Observation 2: It is feasible to define the performance requirements for scenario of DPS with 2 active TCI states tracking with applicability rules.
Proposal 1: Consider to define UE performance requirements for transmission scheme 1b of DPS with 2 active TCI states tracking.
Transmission scheme 2 - PDSCH is jointly transmitted from two or more adjacent TRPs scheduled by multi-DCI
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Scenario 3: Multi-DCI based multi-TRP transmission


In this transmission scheme, multiple TCI states assiciated with different TRS are configured, data is transmitted to UE from multiple TRPs scheduled by different DCI.
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, but it cannot be supported by a NR Rel-15 UE. It is beneficial to consider this transmission scheme in this WI considering those attractive benefits it can bring to the edge users in the edge coverage, but it cannot be supported by NR Rel-15 UE, the current ongoing RAN1 Rel-16 of enhancements on MIMO for NR [RP-182863] to be completed by March 2020, it can be considered in later stage of this WI.
Proposal 2: Consider transmission scheme 2 in later stage of this 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, as stated in [5][6], this scheme is not supported in NR Rel-15 and Rel-16 and updates to core specifications about the existing TCI state concept are needed, it can be studied in furture if necessary.
For sub-scheme joint transmission + Distributed DMRS, as stated in [6], still the current NR Rel-15 and Rel-16 core specification does not support the related TRS association with specific DMRS AP(s) and indication which DMRS APs are associcated with the current PDSCH transmission, updates to core specifications are needed, it also can studied in future if necessary.
Proposal 3: Transmission scheme 3 can be studied in the future if necessary.
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: Longer TCI state switching and bad performance can be expected for transmission scheme 1a.
Observation 2: It is feasible to define the performance requirements for scenario of DPS with 2 active TCI states tracking with applicability rules.
Proposal 1: Consider to define UE performance requirements for transmission scheme 1b of DPS with 2 active TCI states tracking.
Proposal 2: Consider transmission scheme 2 in later stage of this WI.
Proposal 3: Transmission scheme 3 can be studied in the future if necessary.
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