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Introduction
The WID for FR2 HST [1] introduces the new scenario of high speed train for FR2, and in the previous RAN4 Meeting the topic of Demodulation requirements was first discussed.
This contribution proposes addresses the discussion captured in the WF [2], in particular the aspects related to the test RS configuration, and the related maximum UE velocity to be considered in the test. 
UE Demodulation tests
Maximum UE Speed
In the previous RAN4 Meeting, some observations have been collected in the WF [2] related to the feasibility of defining RAN4 Demodulation performances based on the maximum speed assumed for the UE.
Currently two deployment scenarios being discussed:
· Unidirectional, in which the relative velocity between UE and RRHs deployed along the path can be considered as pointing always in the same direction;
· Bidirectional, in which the relative velocity between UE and RRHs deployed along the path flips direction when the UE switches between RRHs;
Maximum Doppler Shift Computation
According to the HST DPS Channel Model included in 38.101-4 [3] B.3.3.4, the maximum doppler shift can be computed using the parameters already under discussion, and assuming:
· Carrier Frequency 30GHz;
· UE Velocity 350 km/h;
For the two different scenarios, the computation shows:
· Unidirectional scenario: Maximum doppler shift = 9728 Hz
· Bidirectional scenario: Maximum doppler shift = 19456 Hz
UE Frequency Offset Tracking using TRS or SSB
If the UE is configured with TRS, and it is using it for Frequency Offset Tracking (FOT), assuming a TRS configuration with 4 symbols separation between the two symbols that carry the RS resources, the following observations can be made:
Observation 1: Assuming zero frequency error, the range of maximum doppler frequency estimation based on TRS is 14kHz.
It follows that, in a bidirectional deployment, a UE which is relying on TRS processing for Frequency Offset Tracking, when switching between RRHs pointed in opposite directions, will experience a Doppler shift larger than the TRS range for estimation. Since in this case the FO estimation will be subject to wrap-around effects, the impact on demodulation performance can have a potentially unbounded performance impact.
Observation 2: In a bidirectional deployment, if Fc=30GHz and the train speed is 350 Km/h, a UE using TRS processing for frequency offset tracking will experience a maximum doppler shift larger than 19kHz when switching between RRHs pointed in opposite directions, outside of the TRS range and the impact on performance is potentially unbounded.
Indeed, the range of FO estimation using SSB would be sufficient to handle the maximum doppler shift as computed for 350km/h. Assuming zero frequency error, the range of maximum doppler frequency estimation based on SSB is 28kHz.
However, designing a test with UE using SSB only for Frequency Offset Tracking would not be desirable, since demodulation performances can be degraded because of the reduced bandwidth of the signal, and we do not expect UE not to be configured with TRS in a real deployment.
UE Frequency Offset Tracking using TRS and SSB
The issue due to the large Doppler shift has been raised during the discussion in the previous RAN4 meeting, and some companies proposed to assume that the UE uses SSB and TRS processing for Frequency Offset Tracking. 
In the WF, the observations collected show that: “It is feasible to support maximum speed with 350km/h for downlink with TRS( 4 symbol interval) +SSB for frequency offset tracking under unidirectional and bi-directional RRH deployment  with 120KHz SCS”
However, it is our view that there are implications to the TRS+SSB FOT scheme assumed here, because simply using both resources for FO estimation and tracking does not solve the problem of the TRS range in all cases. 
In fact, if the first available resource for FOT after the UE switches to a new RRH is TRS, the UE can still experience a Doppler shift that cannot be resolved with the range offered by TRS.
Observation 3: Using both SSB and TRS for UE Frequency Offset Tracking does not solve the problem of the maximum doppler shift larger than TRS FO estimation range, if the first resource received at the UE after the switch to a new RRH is TRS and not SSB.
Also, combining FO estimations with different range and resolution, extracted from different resources, which have different allocation size in frequency domain, requires the UE to implement a dedicated FOT implementation, which is outside the scope of the Demodulation test definition.
Observation 4: Combining different resources (with different spectral characteristics as in the case of SSB and TRS) for FOT requires a dedicated UE implementation.
It is our understanding that the discussed feasibility of the supporting maximum speed of 350km/h for downlink with TRS + SSB in bidirectional deployment assumes that the UE is implementing a complex FOT scheme, with the ability to handle multiple resources and transition between RRHs, than what can be assumed for a baseline UE implementation. 	
Observation 5: Feasibility of supporting maximum speed of 350km/h in downlink using TRS (4 symbol interval) and SSB for frequency offset tracking under bi-directional RRH deployment, assumes an increased complexity in the UE implementation of FOT schemes compared to a baseline UE implementation.
In conclusion, it is our view that the design of the test should not be dependent on UE implementing a more complex solution to handle a larger speed with bidirectional deployment, and that we should reduce the maximum speed in this deployment scenario to keep within TRS range.
To this purpose, we can follow the design principle to assume that the UE is using TRS only for frequency offset tracking, and use its frequency offset estimation range to set the maximum speed.
Proposal 1: Define FR2 HST tests assuming TRS for frequency offset estimations only.
Proposal 2: To avoid increasing UE FOT complexity, FR2 HST Demodulation tests should assume UE velocity such that the maximum Doppler shift experienced by the UE when switching across RRHs does not exceed the range of frequency offset estimation of TRS.
Proposal 3: Define Demodulation Tests assuming UE velocity of 350Km/h and Fc=30GHz for unidirectional deployment test only.
Proposal 4: For bidirectional deployment, define demodulation tests with lower UE speed to keep the maximum Doppler shift within the TRS range.
DMRS Configuration for Downlink
The DMRS configuration was also discussed in the last meeting, with two options included in the WF, 1 DMRS or 1+1+1 DMRS, (Number of Additional DMRS = 2).
The arguments to support the single DMRS option pointed to the fact that there is no necessity to track channel evolution in a single tap channel such as the channel model currently used in FR1 HST.
However, it is our view that in a real deployment the channel experienced by the signal will have frequency-dependent components, and in this scenario a single DMRS would not be sufficient to guarantee adequate performances. 
Observation 6: For real FR2 HST deployment, using 1 DMRS might impact performances if the channel is not single tap.
Additionally, the number of additional DMRS in FR1 HST PDSCH demodulation tests already included in 38.101-4 is 2, and we do not see a reason not to reuse the same value
Observation 7: In existing FR1 HST tests, number of additional DMRS is 2.
Proposal 5: For the DMRS configuration for PDSCH demodulation requirement, support Option 2: (1+1+1) DMRS.


Conclusions
Observation 1: Assuming zero frequency error, the range of maximum doppler frequency estimation based on TRS is 14kHz.
Observation 2: In a bidirectional deployment, if Fc=30GHz and the train speed is 350 Km/h, a UE using TRS processing for frequency offset tracking will experience a maximum doppler shift larger than 19kHz when switching between RRHs pointed in opposite directions, outside of the TRS range and the impact on performance is potentially unbounded.
Observation 3: Using both SSB and TRS for UE Frequency Offset Tracking does not solve the problem of the maximum doppler shift larger than TRS FO estimation range, if the first resource received at the UE after the switch to a new RRH is TRS and not SSB.
Observation 4: Combining different resources (with different spectral characteristics as in the case of SSB and TRS) for FOT requires a dedicated UE implementation.
Observation 5: Feasibility of supporting maximum speed of 350km/h in downlink using TRS (4 symbol interval) and SSB for frequency offset tracking under bi-directional RRH deployment, assumes an increased complexity in the UE implementation of FOT schemes compared to a baseline UE implementation.
Proposal 1: Define FR2 HST tests assuming TRS for frequency offset estimations only.
Proposal 2: To avoid increasing UE FOT complexity, FR2 HST Demodulation tests should assume UE velocity such that the maximum Doppler shift experienced by the UE when switching across RRHs does not exceed the range of frequency offset estimation of TRS.
Proposal 3: Define Demodulation Tests assuming UE velocity of 350Km/h and Fc=30GHz for unidirectional deployment test only.
Proposal 4: For bidirectional deployment, define demodulation tests with lower UE speed to keep the maximum Doppler shift within the TRS range.
Observation 6: For real FR2 HST deployment, using 1 DMRS might impact performances if the channel is not single tap.
Observation 7: In existing FR1 HST tests, number of additional DMRS is 2.
Proposal 5: For the DMRS configuration for PDSCH demodulation requirement, support Option 2: (1+1+1) DMRS.
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