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Introduction
In RAN4 #97e meeting WF on NR support of HST FR2 operation was agreed[1]. Different possible deployments scenarios were discussed and it was agreed to provide the following performance analysis:
	· [bookmark: _Hlk61651764]RAN4 perform feasibility study on FR2 HST scenario, by at least considering: 
· The feasibility of a deployment based the beam dwelling time and measurement period framework.
· How many beams/SSBs per RRH can be deployed (given other deployment parameters such as Dmin, Ds, speed etc) while maintain mobility performance with FR2 BM mechanism?
· How much beam refinement is needed to achieve coverage and mobility? 
· How much beam overlapping area is needed (given other deployment parameters such as Dmin, Ds, speed etc) to ensure beam refinement procedure can be executed successfully?
· Study throughput performance and mobility performance.
· More number of analog beams and sharper beam may provide better link budget performance but more challenging on mobility performance. 
· Receive timing difference;
· Maximum supported Doppler shift for both UL and DL and maximum supported UE speed;
· Other feasibility study is not precluded 


In this paper we provide link budget evaluations for different HST deployments to analyse appropriate beam management framework for HST FR2. Also, initial analysis on max supported UE speed for DL and UL is presented. In our companion paper we address RRM related issues [2].
Discussion
Link budget and beam dwelling analysis
[bookmark: _Hlk61630765]In accordance to already agreed work plan for HST FR2 WI[3] the target FR2 HST deployment scenario and channel modelling need to be investigated firstly. Geometrical deployment assumptions, RRH and CPE parameters completely determine system performance and need to be carefully analysed. Different deployments options for different aspects were captured in the previous RAN4 meeting for further study.
	· RAN4 at least consider the following deployment scenarios: 
· Scenario 1: Ds = 800m; Dmin = 10m
· Scenario 2: Ds = 650m; Dmin = 10m
· Scenario 3: Ds = 500m; Dmin = 10m
· Scenario 4: Ds = 300m; Dmin = 50m
· Scenario 5: Ds = 200m; Dmin = 30m
· Scenario 2 and 4 shall be considered with high priority
· Number of Analog Beams per panel in RRH:
· [1,2,4] analog beam(s) per panel in RRH
· SSB index to Beam Mapping: 
·  Option 1: 
· All RRHs under the same cell use the same set of SSB indexes, e.g., all RRHs use SSB-0 to SSB-3. 
· Option 2: 
· RRHs under the same cell use the different sets of SSB indexes, e.g., RRH-1 uses SSB-0 to SSB-3, RRH-2 uses SSB-4 to SSB-7
· Number of panels per CPE is FFS


To address these issues, below we provide link budget analysis for both bidirectional and unidirectional deployments and evaluate appropriate Tx/RX beam configuration for different scenarios.
Simulation assumptions
The assumptions used for link budget analysis are shown in Table 1. The typical UE noise figure and UE RF implementation margin for UE PC 4 was chosen for evaluations. Other parameters are aligned with agreed values[1] or reflect typical assumptions for FR2.
Table 1. Simulation assumptions for DL link budget analysis
	Parameter
	Value

	Carrier frequency
	30 GHz

	RRH Tx Power
	31 dBm

	RRH antenna array model
	[Mg, Ng, M, N, P]=[1, 1, 4, 8, 2]
8dBi per element antenna gain 

	RRH height
	20 m

	Propagation model
	RMa LOS

	Interference margin
	1 dB

	UE antenna height
	4 m

	UE noise figure
	10 dB

	UE antenna array model
	[Mg, Ng, M, N, P]=[1, 1, 2, 4, 2],
5dBi per element antenna gain

	UE RF implementation margin 
	13 dB


Link budget was calculated as follows:
	
	(1)


where antGainTx and antGainRx are calculated as directional gain of corresponding antenna element (see RAN1 model for single antenna element radiation pattern in [3]) plus array factor in given direction.
Beam assumptions
At the RRH side we assume DFT codebook with oversampling factor 4. Considering 4 antenna elements in horizontal plane this gives us 16 beams in azimuthal plane. Similarly, at the UE side for antenna array with 2 antenna elements in horizontal plane and oversampling factor 2 we have codebook with 4 beams in azimuthal plane.
Best beam pair for operation is selected based on L1-RSRP measurements. Beam selection is performed every NUE_beams x TSSB which is the minimal period for SSB-based L1-RSRP reporting and covers full TX and RX beam sweeping. 
Unidirectional deployment
For the analysis we consider that the RRH panel boresight direction points to the railway near the neighbouring RRH and the UE panel boresight direction has the correspondingly reciprocal angle as it is demonstrated in Figure 1.
	

Figure 1. RRH and UE panels orientation



Two deployment scenarios, which were agreed as high priority, were considered: 
· Scenario 2. Ds = 650m, Dmin = 10m
· Scenario 4. Ds = 300m, Dmin = 50m
Scenario 2. Ds = 650m, Dmin = 10m
Below in the tables the link budget analysis is introduced. Here each column corresponds to a set of results for a corresponding scenario. By lines we have the analysis of SNR vs the UE position at the railway track, the maximum beam dwelling time for different RRH beams and the maximum usage time for different UE beams.
The SNR vs UE position graph has the following designations:
· Ginger curve is actual SNR at the UE with the selected TX (RRH) and RX (UE) beams applied 
· Thin coloured curves demonstrate SNRs of the RRH #3 beams. They reflect the SNR which UE could see if the corresponding beam would be selected. We added only curves for beams which contribute to the ginger curve, what means that the corresponding beam was selected for operation at some point (ginger curve is made from these curves).
· The horizontal dashed line denotes the target SNR value (18.6dB) when 64QAM can be successfully received.
· The vertical dash-dotted lines denote the positions of RRH serving beam change.
In Table 2a two columns correspond to two scenarios: 
1) Best beam pair is selected based on the full TX (RRH) and RX (UE) beam sweeping 
2) RRH performs beam sweeping and UE reports the best beam while UE has its beam fixed in a boresight direction
As we can see from the results in the second line for both scenarios only 9 out of 16 RRH beams were selected for service. However, most of them have never been used for long period of time and were quickly changed to another beam. Most of the time the UE is served by one RRH beam. From the SNR figures we can see that frequent operating beam change can be observed only in the area near the RRH where the azimuth to the UE changes rapidly in wide range. 
The same situation is on the UE side. Most of the time UE uses one beam and there is no significant performance degradation when we fix this beam based on comparing of two SNR curves from different columns.


Table 2a. Link budget analysis results for the scenarios with beam selection at RRH
	NRRH_beams = 16, NUE_beams = 4
	NRRH_beams = 16, NUE_beams = 1
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In Table 2b two columns correspond to two scenarios: 
1) Boresight beam is fixed at RRH side and UE performs beam sweeping searching for the best RX beam
2) Boresight beams are fixed both at RRH side and at the UE side
As we can see the scenario with UE best beam search even demonstrates degradation at some points comparing to the fixed UE beam case. The degradation in the area near RRH can be explained as follows. During the RX beam sweeping the UE catches the sidelobe of closest RRH beam and switches to it. Moving further along the track the UE passes this sidelobe and the link budget drops significantly as the UE finds himself in the RRH antenna pattern null. Switching back to the mainlobe of previous RRH takes time as it requires another round of RX beam sweeping measurements.





Table 2b. Link budget analysis results for the scenarios with fixed beam at RRH
	NRRH_beams = 1, NUE_beams = 4
	NRRH_beams = 1, NUE_beams = 1
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Scenario 4. Ds = 300m, Dmin = 50m
In this scenario another Ds to Dmin ratio results in other dynamics of azimuthal angle to UE with its movement. This scenario is more suitable for multi-beam operation. And it is confirmed by the analysis shown in the left column of Table 3. The RRH operating beam change now happens in a more even way. The beam dwelling time is distributed more uniformly over different beams. And the UE is using other beams longer. 
However, the scenario with fixed UE and RRH beams also demonstrates good link budget. Even though the scenario with full beam search demonstrate better SNRs at some points, both scenarios are far above the SNR threshold, so they should demonstrate the same throughput.





Table 3. Link budget analysis results for Ds = 300m, Dmin = 50m
	NRRH_beams = 16, NUE_beams = 4
	NRRH_beams = 1, NUE_beams = 1
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In Figure 2 we demonstrate the SNR comparison for different beam search assumptions. We can see that the scenario with fixed RRH and UE beams having no overhead for beam search can still maintain a similar level of performance as in the case with full TX & RX beam search.










	Ds = 650m, Dmin = 10m
	Ds = 300m, Dmin = 50m
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	Figure 2. SNR comparison for different beam search assumptions


Based on the analysis we can say that the number of operating beams both on RRH and UE sides can be reduced without performance degradation.

Observation 1: In such deployments with predefined direction of service it is enough to have single (fixed) operational beam both on RRH and UE sides.
Proposal #1:	Number of analog beams per panel per RRH can be reduced to 1.
Proposal #2:	Number of analog beams per panel per UE can be reduced to 1.

Bidirectional deployment
One of the main differences of FR2 HST comparing to FR1 HST is that we can not assume omnidirectional antenna at the UE side. UE is equipped with the antenna array which has certain boresight direction. The directions which are far from this boresight direction can be served only with a huge performance degradation. So now, the UE capability to operate in both forward and backward directions should be taken into account, i.e. whether the UE is equipped with two panels or not.
Proposal #3:	The UE shall inform network whether it can support bidirectional operation in high speed in FR2 by corresponding capability field.
For FR2 HST deployment it is necessary that either network (Figure 3a) or UE (Figure 3b) or both (Figure 3c) support bidirectional operation. Otherwise there is a chance that no connection can be established (Figure 3d).
	


Figure 3a. Network operating in bidirectional mode



	

Figure 3b. UE supporting bidirectional operation



	
 
Figure 3c. Both Network and UE support bidirectional operation



	

Figure 3d. Neither network, no UE support bidirectional operation and their antennas 
orientation is not aligned



Observation 2: For FR2 HST deployment it is necessary that either network or UE or both support bidirectional operation. Otherwise there is a chance that no connection can be established

We should also mention that in the case demonstrated in Figure 2a (network operates in bidirectional mode but UE has only one panel) the RRH panel #1 is useless. It makes sense to turn off this panel on switch to unidirectional operation.
Observation 3: Bidirectional network operation in FR2 HST has no benefits if UE has only one panel.
Proposal #4:	Network which operates in bidirectional mode can turn off one panel at RRHs if UE doesn’t support bidirectional operation.

For the link budget analysis in bidirectional deployment we have the following considerations:
· At the RRH side the number of beams per panel is 16. As long as RRH can transmit from two panels simultaneously (in SFN), doubling the panels is similar to two times increase of the beam coverage. So, RRH beam sweeping is performed over 16 beams (but simultaneously on two panels)
· At the UE side the number of beams per panel is 4. According to WID for FR2 HST only one active antenna panel at a time is considered. Two panels cannot operate simultaneously, and their beams should be considered as different beams. So, UE beam sweeping is performed over 4 x 2 beams.
· For the case when we fix single beam at UE, we need to fix it on both panels and perform RX beam sweeping over 2 beams.
The conclusions here are pretty similar to those made for the unidirectional deployment - the number of operating beams both on RRH and UE sides can be reduced without significant performance degradation.
The link budget analysis results for the case with full TX and RX beam sweeping and for the case with fixed beams is shown in Table 4. The SNR comparison for these cases is shown in Figure 4. The conclusions here are pretty similar to those made for the unidirectional deployment - the number of operating beams both on RRH and UE sides can be reduced without significant performance degradation.







Table 4. Link budget analysis results for bidirectional deployment
	NRRH_beams = 16, NUE_beams = 4
	NRRH_beams = 1, NUE_beams = 2
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Figure 4. SNR comparison for different beam search assumptions


Max supported UE velocity
In general, max supported UE velocity depends on UE frequency tracking capability and Doppler frequency profile which is determined by deployment configurations. For different deployments there are different limitation factors. Below we discussed propagation conditions for DL bidirectional and unidirectional deployments as well as for UL and then analyse them from max supported UE velocity perspective. 
Limitation factors
DL Unidirectional
As we showed in section 2.1.1, in unidirectional deployments due high Tx directivity we can assume that propagation conditions are determined by single TRP at each time and switching from one TRP to another is performed around each TRP. In this case we can characterize channel model as a single tap model with continuous Doppler frequency changes when UE served by TRP and instantaneous frequency jump when switching to another TRP is performed (Figure 4a). This frequency jump equals to Doppler shift frequency. Also, we need to note that for unidirectional we can consider only two panel UE as discussed in section 2.1.2.
DL Bidirectional
For bidirectional deployments we need to differentiate two scenarios: single panel and two panel UEs. Propagation conditions for single panel UE is similar to conditions in unidirectional deployment where instantaneous frequency jump is limited by Doppler shift frequency (Figure 4a). 
	[image: ]

	Figure 4a. Doppler trajectory for Unidirectional deployment and Bidirectional with single panel UE deployment


In case of two panel UE, propagation conditions are also determined by one TRP at each time but switching from one TRP to another is performed in the middle point between RRHs. Since we assume that UE cannot operate with two panels simultaneously it is reasonable to assumes single Rx chain and single LO. In this case frequency jump of double Doppler shift appears when UE performs beam switching (Figure 4b). 
	[image: ]

	Figure 4b. Doppler trajectory for Bidirectional with two panel UE deployment


For DL reception UE is expected to perform continuous FO tracking and apply LO adjustment to match the RX signal carrier frequency. As we see propagation conditions in HST FR2 can be considered as single tap channel model with continuous frequency change and switching from one RRH to another RRH. Depending on deployment configuration the switching is performed in different locations. For unidirectional deployment with two panel UE or bidirectional deployment with single panel UE the switching is performed near the target RRH. Assuming ideal frequency tracking UE needs to handle frequency error of Doppler shift frequency. For bidirectional deployment with two panel UE the switching is performed in the middle point between two RRHs. In this case actual frequency error is determined by deployment geometry but typically it equals to double Doppler shift frequency. These errors impose restrictions on max supported Doppler frequency due to limited UE estimation capability.
Observation #4: In DL the main limitation factor of max supported UE speed is
· For unidirectional deployment with two panel UE and bidirectional deployment with one panel UE, UE needs to estimate frequency error of Doppler shift
· For bidirectional deployment with two panel UE, UE needs to estimate frequency error of double Doppler shift.

UL
From UL perspective propagation conditions is always continuous single tap channel model without any frequency jumps since UE performs UL Tx frequency synchronization by DL signals. However, as we showed at [4], in case of ideal UE frequency tracking UL frequency error equals to double Doppler shift due to propagation through single tap HST channel. 
Observation #5: In UL the main limitation factor of max supported UE speed double Doppler shift
DL limitations
In general, different RSs can be used for DL FO tracking including TRS (i.e. CSI-RS for tracking), PDSCH DMRS and PDSCH PTRS support of which is mandatory with capability signalling for FR2. The maximum frequency which can be handled/estimated is limited by the RS configuration and subcarrier spacing. In Table 5 we present theoretical limits of maximum estimated frequency offset for each RS in DL. Relative TRS separation is always 4 symbols. For DMRS, depending on number of additional DMRS symbols from 3 to 8 symbols separation can be configured for 14 symbols slot length. According to Section 7.4.1.2 in TS 38.211, the number of PT-RS symbols per slot is determined by PTRS density in time LPTRS, which allows to configure PTRS in every symbol, in every second or in every fourth symbols.

[bookmark: _Ref61638104][bookmark: _GoBack]Table 5. DL RS estimation capability
	RS
	SCS

	
	60 kHz
	120 kHz

	TRS
	7000 Hz
	14000 Hz

	PDSCH with 3 add. DMRS
	9333 Hz
	18666 Hz

	PDSCH with 2 add. DMRS
	7000 Hz
	14000 Hz

	PDSCH with 1 add. DMRS
	3500 Hz
	7000 Hz

	PTRS with LPTRS = 1
	28000 Hz
	56000 Hz

	PTRS with LPTRS = 2
	14000 Hz
	28000 Hz

	PTRS with LPTRS = 4
	7000 Hz
	14000 Hz


In Table 6 we present DL frequency error for different UE speeds on 30 GHz carrier frequency in case when frequency error is limited by Doppler shift frequency. Ideal UE frequency tracking is assumed hence we do not consider additional estimation errors. 
[bookmark: _Ref61638130]Table 6. DL frequency error in case of unidirectional deployment or bidirectional with single pane UE vs UE speed for 30 GHz Carrier frequency
	Speed, km/h
	150
	200
	250
	300
	350

	DL Frequency Error (without UE tracking error)
	4167
	5556
	6944
	8333
	9722



Observations #6: Due to limitations on maximum handled estimated frequency in DL unidirectional deployment with two panel UE or bidirectional deployment with single panel UE 
· For scenarios with 60 kHz:
· System can work in scenarios with 30GHz carrier frequency and 350km/h speed only under assumption of PTRS based estimation and density of PTRS is not less than 2.
· For scenarios with 120 kHz:
· System can work in scenarios with 30GHz carrier frequency and 350km/h speed and frequency tracking can be performed by any DL RS.
For bidirectional deployment when UE equipped with two panels the limitation factor on max supported speed is determined by instantaneous frequency change in the middle point between two RRHs. For multi HST-RRH deployment this frequency error equals to   
	
	(2)



where ∆FDoppler – max Doppler frequency between 2 taps, FDoppler,max – max Doppler shift frequency in channel, Ds – inter RRH distance, Dmin – distance to the railway track. 
In Table 7 we present evaluation of max frequency error for different deployments and UE speeds at 30 GHz carrier frequency according to equation 2.






[bookmark: _Ref61638157]Table 7. DL error for bidirectional deployment with 2 panel UE for different deployment configurations vs UE speed
	
	150 km/h
	200 km/h
	250 km/h
	300 km/h
	350 km/h

	Option 1: 800m; 10m
1.99∙FDoppler,max
	8292 Hz
	11066 Hz
	13819 Hz
	16583 Hz
	19347 Hz

	Option 2: 650m; 10m
1.99∙FDoppler,max
	8292 Hz
	11066 Hz
	13819 Hz
	16583 Hz
	19347 Hz

	Option 3: 500m; 10m
1.99∙FDoppler,max
	8292 Hz
	11066 Hz
	13819 Hz
	16583 Hz
	19347 Hz

	Option 4: 300m; 50m
1.88∙FDoppler,max
	7833 Hz
	10444 Hz
	13056 Hz
	15667 Hz
	18278 Hz

	Option 5: 200m; 50m
1.92∙FDoppler,max
	8000 Hz
	10667 Hz
	13333 Hz
	16000 Hz
	18667 Hz


Observations #7: Due to limitations on maximum handled estimated frequency in DL bidirectional deployment with two panel UE 
· For scenarios with 60 kHz:
· System can work in all deployments and 350km/h speed only under assumption of PTRS based estimation and density of PTRS is not less than 1.
· For scenarios with 120 kHz:
· System can work in all deployments and 350km/h speed only under assumption of PTRS based estimation and density of PTRS is not less than 2. With DMRS based frequency tracking and 3 additional DMRS symbols system can operate on 350 km/h UE speed in deployment #4 and #5. 
Comparing different scenarios in DL we can conclude that supporting of 350 km/h at 30 GHz carrier frequency is possible. Same time, not all DL RSs are suitable for all deployments and SCS. 
Observation #8: 350 km/h UE speed can be supported in DL in all considered deployments and with both 60 kHz and 120 kHz SCS.
UL limitations
Frequency estimation limitation
UL propagation conditions is single tap channel model regardless of deployment configuration (unidirectional or bidirectional). In accordance to section 2.2.1 the max frequency error in UL at the gNB RX side is double Doppler shift frequency assuming ideal UE frequency tracking. For Doppler shift frequency 9722 Hz for the case of 30 GHz carrier frequency and 350km/h speed the total frequency error upper bound in UL is equal to at least 19.444 kHz.
For UL demodulation it is reasonable to assume that gNB may receive signals from multiple UEs simultaneously and, hence, gNB may have limited capabilities to perform pre-FFT FO adjustment for each individual UE. Therefore, it might be assumed that gNB may track the frequency offset of each individual UE using PUSCH DMRS/PTRS on a per-slot basis and apply post-FFT FO compensation as a part of PUSCH demodulation. 
The maximum frequency which can be handled/estimated is limited by the RS configuration and subcarrier spacing. In Table 8 we present theoretical limits of maximum estimated frequency offset for each RS in UL. For DMRS, depending on number of additional DMRS symbols and PUSCH mapping type from 3 to 9 symbols separation can be configured for 14 symbols slot length.

[bookmark: _Ref16255784][bookmark: _Ref61638188]Table 8. Maximum estimated frequency error in UL
	RS
	SCS

	
	60 kHz
	120 kHz

	PUSCH with 3 add. DMRS
	9333 Hz
	18666 Hz

	PUSCH with 2 add. DMRS
	7000 Hz
	14000 Hz

	PUSCH with 1 add. DMRS
	3111 Hz
	6222 Hz

	PTRS with LPTRS = 1
	28000 Hz
	56000 Hz

	PTRS with LPTRS = 2
	14000 Hz
	28000 Hz

	PTRS with LPTRS = 4
	7000 Hz
	14000 Hz


In Table 9 we present UL frequency error for different UE speeds on 30 GHz carrier frequency without considering UE tracking error.  
[bookmark: _Ref61638368]Table 9. UL frequency error vs UE speed for 30 GHz Carrier frequency
	Speed, km/h
	150
	200
	250
	300
	350

	UL Frequency Error (without UE tracking error)
	8333
	11111
	13889
	16667
	19444


Observations #9: Due to limitation on maximum handled estimated frequency error in UL
· For scenarios with 60 kHz:
· System can work in scenarios with 30GHz carrier frequency and 350km/h speed only when PTRS are present in every OFDM symbol. 
· Maximum theoretical supported UE speed for scenarios with 60 kHz SCS when PTRS are not present is less than 200 km/h (without taking into account UE frequency tracking error)
· For scenarios with 120 kHz:
· System can work in scenarios with 30GHz carrier frequency and 350km/h speed only when PTRS are present in every or in every second OFDM symbol. 
· Maximum theoretical supported UE speed for scenarios with 120 kHz SCS when PTRS are not present is less than 350 km/h (without taking into account UE frequency tracking error)

To support 350 km/h UE speed in UL, PTRS based frequency tracking should be assumed. Same time UL PTRS is up to BS declaration. However, to mitigate phase noise impact it is typically to assume that BS supports UL PTRS. 
Observation #10: 350 km/h UE speed can be supported in UL only if PTRS based frequency tracking is assumed.

0. Performance evaluation
As shown above the gNB may configure dense PTRS structure in order to be able to handle large frequency offsets. However, the frequency offset compensation in general is performed in frequency domain (post-FFT) and, hence, the demodulation performance will still suffer from the ICI. To analyse the impact of ICI we have evaluated PUSCH demodulation performance in static channel conditions under assumption that receive signal has a fixed frequency offset and gNB performs demodulation under assumption of ideal FO estimation and post-FFT FO compensation. Simulation results for different SCS and modulation orders are presented in Figure 5. The key simulation assumptions are provided below:
· CBW/SCS: 50 MHz + 60 kHz; 100 MHz + 120 kHz; Full allocation  
· PUSCH mapping: Type A, Start symbol 2, Duration 12
· FRC: QPSK Rank 1 (MCS 6) / 16QAM Rank 1 (MCS 13) / 64QAM Rank 1 (MCS 19)
· Channel model: Static channel model
· Frequency offset corresponds to double Doppler frequency at 30 GHz CF and UE speed from 200 km/h to 350 km/h: 
· Frequency offset estimation: Ideal, post-FFT baseband compensation
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	[bookmark: _Ref16260745]Figure 5. FO impact on UL demodulation performance


In Figure 6 we summarize the simulation results in terms of performance degradation compared to scenario with zero frequency offset. For some scenarios bars of performance loss are not presented. It means that 70% throughput cannot be reached.
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	Figure 6. PUSCH performance degradation in HST FR2 vs UE speed


Observation #11: UL demodulation performance degradation due to ICI effect
· For 60 kHz SCS Acceptable performance degradation (< 2dB) is observed only for QPSK with not higher than 260 km/h UE speed. 64QAM cannot work totally.
· For 120 kHz SCS acceptable performance degradation (< 2dB) is observed for QPSK and 16QAM with UE speed up to 350 km/h. 64QAM can operate only up to 290 km/h but performance loss even with 200 km/h is higher than 2 dB.
In general case it is not reasonable to define DL demodulation requirements to support 350 km/h + 30 GHz carrier frequency in case the corresponding scenario cannot be supported in the UL direction. Therefore, before simple reducing the target speed we recommend studying possible enhancements to reduce the RX frequency errors at the gNB side. For instance, certain gNB RX FO tracking enhancements can be considered, alternatively UE TX FO adjustment may be assumed to reduce the residual errors.
Proposal #5:	Study possible enhancements to reduce UL demodulation performance degradation due to baseband processing at 350 km/h UE speed and 30 GHz carrier frequency.
Conclusion
In this contribution we provide our view on HST FR2 deployment aspects. In summary, we make the following proposals:
Proposal #1:	Number of analog beams per panel per RRH can be reduced to 1.
Proposal #2:	Number of analog beams per panel per UE can be reduced to 1.
Proposal #3:	The UE shall inform network whether it can support bidirectional operation in high speed in FR2 by corresponding capability field.
Proposal #4:	Network which operates in bidirectional mode can turn off one panel at RRHs if UE doesn’t support bidirectional operation.
Proposal #5:	Study possible enhancements to reduce UL demodulation performance degradation due to baseband processing at 350 km/h UE speed and 30 GHz carrier frequency.
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