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1. Introduction
In RAN Plenary #89-e, the RAN4-led work item of NR support for high speed train scenario in FR2 has been approved [1, RP-202118] (which has been further revised to [6, RP-202538]). Based on last RAN4 meeting (RAN4#97-e) discussion, the following contents are agreed in the approved WF [5, R4-2017828]. 
	FR2 HST deployment scenario: 
· The following agreement and conclusion were made on FR2 HST deployment scenario and related aspects, captured in the approved WF [2]. 
· WF1: Deployment Scenario: General
· RAN4 at least consider the following deployment scenario: 
· Ds and Dmin: Take the following 5 scenarios as basic assumption.
	Scenario
	Ds (meter)
	Dmin (meter)

	1
	800
	10

	2
	650
	10

	3
	500
	10

	4
	300
	50

	5
	200
	30


· Scenario 2 and 4 shall be considered with high priority. 
· Dmin for [5m, 20, 30 and 50 meters] if found to be necessary
· DRRH_height: 15m as basic assumption;
· [10,20m] if found to be necessary 
· DUE_height: 5m.
· Tunnel Deployment Scenario
· RAN4 further study tunnel deployment scenario for FR2 HST.
· Subcarrier Spacing
· Option-1: SCS = 120kHz
· Option-2: Consider both SCS = 120kHz and 60kHz.
· WF2: Deployment Scenario: SFN
· RAN4 consider unidirectional SFN for FR2 HST, i.e., one panel per RRH pointed to the same direction for all RRHs.
· RAN4 consider bidirectional SFN with 
· one panel per RRH, i.e., signals to opposite directions along tracks
· two panels per RRH.
· SFN needs to be further clarified:
· SFN Interpretation-1: All RRHs under one BBU transmit the same signal.
· Selected RRH(s) for TX, depending on DPS Tx mode is used or not.
· SFN Interpretation-2: All RRHs under one BBU in the same cell ID, but for different TCI.
· Other interpretation is not precluded.
· WF3: Deployment Scenario: RRH parameters
· Number of RRH sites per BBU:
· [1 to 4] RRHs sites per BBU
· Other values are not precluded;
· Depending on companies’ further feasibility study on SFN deployment scenario.  
· Number of Analog Beams per panel in RRH:
· [1,2,4] analog beam(s) per panel in RRH
· Other values are not precluded;
· Depending on companies’ further feasibility study on link-budget and mobility
· SSB index to Beam Mapping: 
· FFS the impact of following options for SSB index to Beam mapping: 
· Option 1: 
· All RRHs (connected to one BBU with fiber) share the same cell ID
· 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: 
· All RRHs (connected to one BBU with fiber) share the same cell ID
· 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. 
· RRH antenna array orientation: 
· FFS the impact of following options for RRH antenna array orientation: 
· Option 1: RRH panel boresight pointed to the railway in the middle point between 2 RRHs 
· Option 2: RRH panel boresight pointed to the railway at the distance of Ds (projection of the neighboring RRH on the railway)
· Other option is not precluded. 
· WF4: Deployment Scenario: CPE Parameters
· Number of panels per CPE:
· FFS the number of panel(s) per CPE: 
· To be combined with the analysis on uni-/bi-directional SFN. 
· The number for TX panel(s) and RX panel(s) could be discussed separately. 
· Placement of CPE panel(s): 
· FFS the placement of CPE panels, i.e., the bore-sight direction(s) of CPE panel(s)
· Number of CPE devices:
· FFS the impact of the number of CPE per train/carriage on RAN4 requirement.
· WF5: Evaluation Parameters
· RRH antenna array parameters for evaluation:
· RAN4 perform FR2 HST feasibility study based on following RRH antenna array parameters for evaluation: 
· RAN1 assumption: 2 ports: [Mg, Ng, M, N, P]=[1, 1, 4, 8, 2] 
· 2 ports: [Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]
· Other options are not precluded. 
· RRH antenna element parameters for evaluation:
· RAN4 use the following RAN1 assumption for BS evaluation as baseline:
	Radiation power pattern of a single antenna element for TRP
	Vertical cut of the radiation power pattern (dB)
	


	
	Horizontal cut of the radiation power pattern (dB)
	


	
	3D radiation power pattern (dB)
	


	
	Maximum directional gain of an antenna element GE,max
	 [8] dBi


· Other assumptions are not precluded. 
· UE antenna array parameters for evaluation:
· RAN4 perform FR2 HST feasibility study based on following UE antenna array parameters for evaluation: 
· RAN1 assumption: 2 ports: [Mg, Ng, M, N, P]=[1, 1, 2, 4, 2] 
· PC4 assumption: 2 ports: [Mg, Ng, M, N, P]=[1, 1, 4, 4, 2]
· Other options are not precluded. 
· UE antenna element parameters for evaluation:
· RAN4 use the following RAN1 assumption for UE evaluation as baseline:
	Parameter
	Values

	Antenna element radiation pattern in  θ’’ dim (dB)
	


	Antenna element radiation pattern in ϕ’’ dim (dB)
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	5dBi


· WF6: Channel Modeling
· Pathloss model used for link budget evaluation:
· RAN4 further study the pathloss model to be used for link budget evaluation: 
· Option-1: TR38.901 RMa LoS (baseline option)
· Option-2: free space model
· Option-3: TR38.901 UMa LoS 
· Channel modelling for performance requirements:
· RAN4 further study the channel modeling for performance requirement: 
· Option 1: single-tap per RRH channel model in UL direction and both single- and multi-tap models in DL direction.
· Other options are not precluded, which could depends on deployment scenario discussion. 
· WF7: FR2 Feasibility Evaluation
· 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.


Based on our contribution given in last meeting [4, R4-2014847], we would like to further provide our viewpoints on FR2 high speed train deployment scenario and other related issues. 

2. FR2 HST Deployment Scenarios
Following approved WID [1] and WF [5], the targeted FR2 HST deployment scenario need to be clarified and investigated firstly. 
2.1 Clarification for SFN/Joint Transmission (JT)
Based on previous RAN4 discussion, the definition of joint transmission and SFN are under discussed with diverse understandings. Specifically, SFN in LTE and NR FR1 deployment means there is signals joint transmitted from multiple RRHs, which helps high-speed-train UE can avoid frequent handover between cells and decrease the probability of RLFs.  Based upon FR1 NR HST discussion, depending on joint transmission for all channels or for which channels, SFN (or joint-transmission) can be further classified as R4-1911003 as: (1) JT + Full SFN; (2) JT + Distributed TRS; (3) JT + Distributed DMRS. 
Firstly, we don’t see any benefits to spend effort on schemes which is not yet compatible with current Rel-15/16 NR design (like the above-mentioned (2) JT + Distributed TRS and (3) JT + Distributed DMRS). Based on the common understanding when we discussed the scope of this WI, companies don’t have the intention to have anything innovative beyond current NR design. 
Observation-1: FR2 HST deployment schemes which are not compatible with Rel-15/16 NR shall be precluded in FR2 HST WI discussion. 
In FR1 discussion, for joint transmission scheme, companies assume at least for SSB and PDCCH/PDSCH should be jointly transmitted, while the difference lies whether or not distributed TRS or/and distributed DMRS should be used. But for FR2, whether or not SSB are joint transmitted should be addressed firstly, because it is the common understanding that analog beamforming is required to achieve reasonable cell coverage. Specifically, there are two kinds of JT scheme depending on whether or not SSB signals from RRHs are joint transmitted. 
· Joint Transmission (JT) for all channels (SSB, TRS, PDCCH/PDSCH) – Full SFN
· If neighboring RRHs have the joint transmission for all channels, i.e., at least for SSB, TRS, PDCCH/PDSCH, it can be shown that it is the simplest network deployment scheme where UE even can’t discriminate the signals from different RRHs. For FR2, we question that it is reasonable deployment scheme because for both uni-directional and bi-directional RRH deployment, as provided in the following sub-sections, unless RAN4 just assume the fixed beamforming for both UE and RRH side and no beam management is needed at all.
· Joint Transmission (JT) for selected channels (TRS, PDCCH/PDSCH) and Distributed SSB
· Another straight forward deployment scheme is Joint Transmission (JT) for selected channels (TRS, PDCCH/PDSCH) and distributed SSB from neighboring RRHs. In this case, the definition of QCL-Type-D cannot be strictly followed, because we can’t assume the RX beam to be used for Joint-Transmitted PDCCH/PDSCH can be inferred from distributed SSB transmission. Another way to achieve this scheme is to configure a TCI state linked to a TRS which contains signals from two RRH, but it will incur additional requirement for UE to track more TCI state which is not preferred by us. Therefore, this scheme should be precluded from RAN4 discussion. 
Proposal-1: For Joint transmission (JT) used for FR2 HST, only full SFN (i.e., Joint Transmission (JT) for all channels (SSB, TRS, PDCCH/PDSCH, etc)) is considered in Rel-17 FR2 HST WI. 
Proposal-2: The scheme of Joint transmission (JT) for selected channels but distributed SSB shall be precluded from Rel-17 FR2 HST WI discussion. 

Moreover, for FR2 HST deployment scenario discussion, Dynamic Point Selection (DPS) based on Rel-15 beam management scheme and -	multi-DCI based multi-TRP transmission based on Rel-16 eMIMO scheme should be considered in FR2 HST WI discussion, therefore the following scheme will be investigated under uni-directional and bi-directional RRH deployment assumption:
· Joint Transmission (JT) for all channels (SSB, TRS, PDCCH/PDSCH) – Full SFN;
· Dynamic Point Selection (DPS) – based on Rel-15 beam management;
· Multi-DCI based Multi-TRP Transmission – based on Rel-16 eMIMO.
2.2 Uni-directional RRH Deployment 
For a general comparison between uni-directional and bi-directional RRH deployment, it is the common understanding that uni-directional may enjoy the benefits of alleviating baseband processing burden while bi-directional deployment could give better coverage given the same RRH deployment density. However, all the existing discussion is based on FR1 scenario, while the characteristics of FR2 and analog beamforming should be further considered as follows. 
2.2.1 Joint Transmission (JT) for all channels – Full SFN
If joint transmission (JT) for all channels (SSB, TRS, PDCCH/PDSCH) is considered for unidirectional RRH deployment, we may need to answer firstly that whether or not analog beam management is needed or not. If beam management is needed, it means several SSB indexes (and accordingly several TCIs) should be configured for each RRH as follows: 


Figure 2.2.1 Uni-directional RRH deployment, and JT for all channels (SSB, TRS, PDCCH/PDSCH)
Based on the above figure, this scheme is questionable, because if multiple SSBs are used to cover different down-tilt angles, it is not reasonable neighboring RRHs should use the same SSB-index (and accordingly the same TCI) for joint transmission. For instance, as illustrated above, it is found that HST UE could be optimally served by SSB-1 from RRH1, however it is not optimal for SSB-1 in RRH2 because SSB-2 in RRH2 should be chosen instead. In other words, we don’t see any benefits from Joint-Transmission of all channels from neighboring RRHs in unidirectional RRH deployment, unless there is just fixed beamforming used in RRH. 
Observation-2: For uni-directional RRH deployment, we found no benefits from Joint transmission (JT) unless there is just one fixed beamforming used in each RRH. 
2.2.2 Dynamic Point Selection (DPS)
DPS based Rel-15 NR mechanism is reasonable scheme for uni-directional RRH deployment. In case of using DPS the PDSCH is only transmitted from one RRH at each time. From UE point of view the channel conditions in this scenario is just a single tap channel model with slowly varying Doppler frequency. In this case conventional frequency offset tracking might be used and better demodulation performance is expected compare to joint Tx scenarios since ICI impact can be fully avoided.  Also, non-JT does not require any adjustment of Doppler spread estimation procedure at the UE side which is needed in JT scenarios and leads to increased UE complexity.
Specifically, in FR1 HST WI, the following two candidate schemes for DPS have been discussed: 
•	Transmission scheme 1a: UE only needs to track 1 TCI state (detail can be found in R4-1911003);


Figure 2.2.2-1 Uni-directional RRH deployment, and DPS – Transmission Scheme 1a
•	Transmission scheme 1b: UE needs to track more than 1 TCI states (detail can be found in R4-1911091). 


Figure 2.2.2-2 Uni-directional RRH deployment, and DPS – Transmission Scheme 1b
For FR2, as illustrated above, it is common understanding that multiple SSBs needs to be transmitted from each RRH, while different TRSs could be linked to diverse SSB indexes. In theory, both above scheme 1a and 1b are feasible solution. However, for scheme 1b as discussed in the beginning phase of Rel-16 FR1 HST WI, tracking 2 or 3 activated TCI states are considered by assuming UE capability can support accordingly. The intention of tracking 3 activated TCI states is to have a “common TCI state” to contain signals from two neighboring RRHs as example illustrated in above Figure 2.2.2-2, i.e., the “common TCI state” is configured as TCI-x, which contains the beams corresponding to both SSB-0 and SSB-5. 
However, this kind of scheme is not suitable to FR2: Considering the fact that RX beamforming used in FR2 can only be pointed to one direction, we don’t see the necessity of tracing the “common TCI state” like TCI-x (containing both SSB-0 and SSB-5) because UE can only receive the signal from one direction (at least based on the conclusion from RAN4 Rel-15/16 discussion) due to the effect of RX beam filtering. 
Observation-3: For uni-directional RRH deployment, the DPS transmission which requires UE to track more than 2 TCI states should be precluded from FR2 HST WI discussion. 

2.2.3 Multi-DCI based Multi-TRxP Transmission
As enabled in Rel-16 eMIMO, the scheme of multi-DCI based multi TRxP transmission has been introduced, in which UE can be configured with multiple TRS, and PDSCH is scheduled by different PDCCH/DCI from different TRPs. 


Figure 2.2.3 Uni-directional RRH deployment, and multi-DCI based multi-TRxP transmission
Potentially this scheme has the same advantages as DPS scheme in terms of propagation conditions for each PDSCH signal, i.e. single tap channel model with slowly changing Doppler frequency and accordingly the possibility to use conventional receive processing. 
However, if the above PDSCH-0 and PDSCH-1 are transmit simultaneously, we still face the limitation that UE can only have the RX beamforming point to one direction for a given time slot which is regarded as common restriction in RAN4 Rel-15/16 discussion, and similarly the joint transmission from two directions are not suitable to FR2 due to the effect of RX beam filtering. If we only consider single DCI to schedule PDSCH transmission from multiple TRxP,  on the other hand, it is not clear that what is the benefit compared with above DPS like transmission scheme 1b. To summarize, by investigating different implementation options for multi-DCI based multi-TRxP transmission, we can reach the following observation: 
Observation-4: The benefit of implementing multi-DCI based multi-TRxP transmission compared with DPS transmission 1b is not observed. 
2.3 Bi-directional RRH Deployment
For bi-directional RRH deployment, there are different observations from above uni-directional schemes, and we will highlights those difference as below: 
2.3.1 Joint Transmission (JT) for all channels – Full SFN
Firstly, it is noted that RX beamforming will be implemented in HST UE for FR2, which will reduce the necessity of having signals coming from two directions for enhancing signal energy. Furthermore, if “full SFN” is employed, the same SSB index and accordingly the same TCI state will be scheduled by the neighboring RRHs, but the optimal SSB from neighboring RRHs could be different, e.g., for the below example, SSB-2 is the optimal SSB index from RRH1 but SSB-2 is not yet the optimal SSB index from RRH2. Considering these reasons, we don’t observe the benefit of using JT for all channels for bi-directional RRH deployment. 
Observation-5: For bi-directional RRH deployment, joint transmission (JT) for all channels (SSB, TRS, PDCCH/PDSCH) should be precluded from using for FR2 HST. 



Figure 2.3.1 Bi-directional RRH deployment, and JT for all channels (SSB, TRS, PDCCH/PDSCH)
2.3.2 Dynamic Point Selection (DPS)
For DPS used in bi-directional RRH deployment scenario, the similar benefits can be observed as uni-directional deployment and also we don’t see the necessity of requirement UE to track a “common TCI state” due to RX beamforming filtering. By restricting 2 TCI states to be tracked for scheme 1b, it seems that both scheme 1a and 1b are usable for bi-directional RRH deployment. 


Figure 2.3.2 Bi-directional RRH deployment, and DPS
Observation-6: For bi-directional RRH deployment, the DPS transmission which requires UE to track more than 2 TCI states should be precluded from FR2 HST WI discussion. 

2.3.3 Multi-DCI based Multi-TRxP Transmission
Similar to uni-directional RRH deployment, the benefit of implementing multi-DCI based multi-TRxP transmission compared with DPS transmission 1b is not observed, thus reaching the same observation as Section 2.2.3.


Figure 2.3.3 Bi-directional RRH deployment, and multi-DCI based multi-TRxP transmission
2.4 Summary of FR2 HST Deployment Scenarios
For summary of the above analysis, the following table is provided. 
Table 2.4 Summary of FR2 HST Deployment Scenarios
	Scenario
	Transmit configuration 
	Support in R15
	Support in R16
	Views from Samsung

	
	SSB
	TRS
	PDCCH/
PDSCH
	Illustrative Figure
	
	
	

	Uni-directional RRH Deployment

	JT for all channels – Full SFN
	Joint Tx
	Joint Tx
	Joint 
Tx
	

	Yes
	Yes
	No benefits observed, unless only 1 fixed beam per RRH

	Dynamic Point Selection (DPS)
	DPS
	

	Yes
	Yes
	Both Scheme DPS 1a and 1b seems reasonable, but don’t require UE to track more than 2 activated TCI.

	Multi-DCI based Multi-TRxP Transmission
	DPS
	DPS
	Multi-DCI Tx
	

	No
	Yes
	Don’t see benefits compared with DPS scheme 1b.

	Bi-directional RRH Deployment

	JT for all channels – Full SFN
	Joint Tx
	Joint Tx
	Joint 
Tx
	

	Yes
	Yes
	Not reasonable scheme, should be precluded

	Dynamic Point Selection (DPS)
	DPS
	

	Yes
	Yes
	Both Scheme DPS 1a and 1b seems reasonable, but don’t require UE to track more than 2 activated TCI.

	Multi-DCI based Multi-TRxP Transmission
	DPS
	DPS
	Multi-DCI Tx
	

	No
	Yes
	Don’t see benefits compared with DPS scheme 1b.



3. FR2 HST Channel Modeling
As required in WF [5, R4-2017828], Companies are tasked to investigate pathloss model used for link budget evaluation and channel modelling for performance requirements. Obviously, to demonstrate and validate a certain channel modeling is suitable for FR2 HST, companies should provide evidence from practical field measurement and/or advanced model calibrated by practical field measurement. Accordingly, the analysis is provided as follows. 
3.1 Pathloss modeling
Based upon conditions provided in the Table 3.1, we conduct practical field testing on a trait along a typical railway to obtain measurement data at mm-wave band, i.e., at 28GHz, as illustrated in the following Figure 3.1.  

[image: ]
Figure 3.1 Measurement campaign for typical railway scenario at 28 GHz


Table 3.1 Parameters for Measurement Campaign
	Parameter name
	Configuration value

	Minimum TX-RX distance
	60 m

	Maximum TX-RX distance
	550 m

	Distance granularity
	1 m

	Center frequency
	28 GHz

	TX antenna height
	5 m

	RX antenna height
	3 m

	Parameter hE in 3GPP
	1 m



By having the analysis based on the measurement data, we have the comparison among measurement results and pathloss models (i.e., RMa LOS, UMa LOS and free space model, as requested in WF [5]), as shown below and accompanying table containing numerical results.   

[image: ]
Figure 3.2 Comparison of measurement data and pathloss models



Table 3.2 Comparison with numerical results
	
	RMSE
	Mean Error
	Std

	Free space model
	4.5212
	-0.74819
	4.4634

	RMa LOS model
	4.4716
	0.13552
	4.4741

	UMa LOS model
	4.4974
	-0.3428
	4.4889

	RMa NLOS model
	35.1499
	34.4667
	6.9036

	UMa NLOS model
	26.5
	25.692
	6.5006




By leveraging the numerical results in terms of the root mean square error (RMSE), mean error and standard deviation (Std), it has been shown that for the evaluated range there is no significant difference from three different pathloss LoS models, and the field measurement also validate that LOS model can reflect the practical FR2 HST channel condition. By further investigating three LoS models, it has been shown that RMa LoS model can achieve the lowest value of RMSE and best mean error with reasonable standard deviation. 
Observation-7: Based on measurement campaign at 28GHz for typical railway environment, TS38.901 RMa LoS model is demonstrated to be the most accurate pathloss model in terms of lowest RMSE.   
Proposal-3: RAN4 choose TS38.901 RMa LoS pathloss model used for link budget evaluation.   
3.2 Channel modeling for Demodulation
Next question we would like to anwser is how to have the channel modeling to be used for FR2 HST demodulation study. As mentioned in WID [6] and WF [5] as below, signal Tap channel and uni/bi-directional SFN channel shall be studied in this WI: 
	<Captured from WID [6, RP-202538]>
· Further study the channel model for FR2 HST
· HST single Tap channel and uni/bi-directional SFN channel shall be studied 
· Other channel model is not precluded 
· Note: whether to introduce single tap channel model and/or SFN channel model will be decided based on further study of channel model for FR2 HST

<Captured from WF [5, R4-2017828]>
· Channel modelling for performance requirements:
· RAN4 further study the channel modeling for performance requirement: 
· Option 1: single-tap per RRH channel model in UL direction and both single- and multi-tap models in DL direction.
· Other options are not precluded, which could depends on deployment scenario discussion. 


 
However, the major difference of having analog beamforming makes the discussion on FR2 HST deployment scenarios in Section 2 be the premise in determining channel model for performance requirement. In other words, if joint transmission is allowed for FR2 HST, it is possible to have multiple taps from neighboring RRHs, while if only DPS is allowed single tap model should be employed. 
Observation-8:  Depending on the allowed FR2 HST scenarios in Rel-17 FR2 HST WI, multi-Tap model shall be adopted if joint-transmission from neighboring RRHs are allowed, while single-Tap model shall be adopted if DPS is utilized.  
Apart from the difference derived from whether Joint-Transmission or DPS is adopted for FR2 HST deployment scenario, another aspect is whether or not the single tap is accurate enough. Specifically, we use a measurement-data-calibraetd FR2 HST ray-tracing model to simulate various paths of LoS and reflected path for a practical railway sceanrio. As required by WID, the UE is mounted on top of the driver’s cabin of the train in the simulation. And the traveling lenght is 2000 m, with a sampling distance of 20 m, thus making 200 snapshots (UE locations) are simulated.
UE moving direction
The entire length is 2000 m
RRH1
RRH2
RRH3
RRH4
UE
 (Initial position)

Figure 3.2-1 Illustrative figure for FR2 HST ray-tracing modelling
For each given UE location, the received signals from 4 RRHs are simulated by using the ray-tracing model. Numerically, it has been shown that all simulated snap shots have the ratio of received non-first-tap power over total received power smaller than 0.01, or in other words, in all snap shots, the first tap can contain more than 99% of the energy, which validate the single-tap assumption from a single TX-RX link in FR2 HST. 
[image: ]
Figure 3.2-2 CDF of the ratio of non-first-tap power over total power
Obervation-9: Based on measurement-data-calibrated ray-tracing modeling at 28GHz for typical railway environment, it has been validated that the single-tap can be assumed for a single TX-RX link. 

4. Maximum Supported UE Speed
As the objective provided in WF [5], the maximum supported Doppler shift for both UL and DL and maximum supported UE speed will be investigated and determined based on operating frequency, velocity and the Rel-15/16 NR design limitations for all UL/DL physical channels, while the feasibility of maximum supported speeds of up to a maximum of 350km/h will be investigated as required in WID. Specifically, in the timing-varying channel as in the HST case, the accuracy of channel estimation depends on the number of RS symbols distributed in the time domain. 
Considering that current NR FR2 deployment has the SCS configuration as 120kHz, it is reasonable to consider that as the starting point for analysis on maximum supported Doppler shift and UE speed. 
Proposal 4:  For the analysis on maximum supported Doppler shift for both UL and DL and maximum supported UE speed, it is adopted to have 120kHz Subcarrier Spacing for the HST system. 

4.1 Analysis from DL Persepctive
From downlink perspective, UE is expected to perform continuous FO tracking and apply LO adjustment to match the Rx signal carrier frequency. TRS was introduced and assumed as a baseline resources for frequency offset tracking.  Compared with Rel-16 FR1 HST WI, single-tap, bi-directional and uni-directional SFN channel models maybe need to be considered. 
For bi-directional SFN channel model, the worst case for frequency tracking algorithm should be happened when UE is located around the middle point between two RRHs, where UE will experience high Doppler with opposite signs. Therefore, the maximum Doppler frequency will be limited by a half of the theoretical limit of the frequency estimation.
For uni-directional SFN channel model, since dominant paths received by UE are from the same direction, the frequency tracking range is theoretical higher than bi-directional, where the max supported Doppler frequency will be limited by a theoretical limit of frequency estimation. 
According, UE speed is derived based TRS with 4 symbol interval with different channel as follows
Table 4.1.1 Maximum UE speed according to TRS with 4 symbol interval
	Channel 
	Maximum frequency offset  which can be compensated
	Maximum UE Speed (@28 GHz)
	Maximum UE Speed (@30 GHz)

	Single tap
	+/-14000
	540km/h
	504km/h

	Bi-directional 
	+/-7000
	270km/h
	252km/h

	Un-directional 
	+/-14000
	540km/h
	504km/h



Observation 10: Downlink TRS (4 symbol interval) could support 270km/h in bi-directional channel model and double theoretically in uni-directional channel model and single tap channel.
4.2 Analysis from UL Persepctive
From the uplink perspective, only DM-RS and PT-RS can be available for FR2. Based on RAN1 design for Rel-15/16, up to 4 DMRS can be configured depending on the UE capability. During Rel-16 FR1 HST WI, 3 DMRS symbol structure was considered for requirement.  We can use it as start point to check the support UE speed in FR2. 
The frequency shifts caused by the UE speed in the uplink will be two times of the Doppler shifts in the downlink. UE will synchronize on a frequency that the carrier plus the Doppler shift, and transmit uplink signal at the synchronized frequency add Doppler shift, the uplink signal contains double Doppler shifts received by the base station. Accordingly, UE speed is derived based upon PUSCH reference signal as the below Table. 
Table 4.2.1 Maximum Doppler shift and maximum UE speed according to PUSCH
	SCS (KHz)
	Number of DMRS
	DMRS configuration  
(14 OFDM symbol, type A)
	Maximum Interval of RS
	Frequency Offset range
	Maximum UE speed
(@28GHz)
	Maximum UE speed
(@30GHz)
	UE feature

	120

	4
	1+1+1+1 (2(3),5 8,11)
	0.0268ms
	+/- 18657Hz
	360km/h
	336km/h
	Optional with capability signalling 

	
	3
	1+1+1 (2(3),7,11)
	0.0356ms
	+/- 14000Hz
	270km/h
	252km/h
	Mandatory without UE capacity signalling



Observation 11: For DM-RS, the supported maximum UE speed can be up to 270km/h for UE mandatory supported 3 DMRS configuration, and up to 360 km/h for UE optional supported 4 DMRS configuration. 
From RAN1 design, the motivation of PT-RS configuration is mainly to estimate and compensate the impact of phase noise under high carrier frequency. The configuration of PT-RS for PUSCH in time can be 1, 2 and 4. As indicated in the following table, the observation can be obtained accordingly.  
Table 4.2.2 Maximum Doppler shift and maximum UE speed according to PUSCH
	Reference signal
	Symbol interval
	Maximum frequency offset  which can be compensated
	Maximum UE Speed (@28 GHz)
	Maximum UE Speed (@30 GHz)

	PT-RS
	1
	56000
	1080km/h
	1008km/h

	
	2
	28000
	540km/h
	504km/h

	
	4
	14000
	270km/h
	252km/h



Observation 12: For PT-RS, the minimum adjacent PT-RS symbol interval is 1, which gives the highest Doppler shift value as compared with adjacent PT-RS symbol interval is 2/4.  
Due to small symbol interval, PT-RS can support higher UE speed. While given the available RE number is less compared with DM-RS, due to the low density in frequency domain, the frequency estimation accuracy may be limited. Therefore, in order to improve the frequency offset estimation accuracy, DMRS and PT-RS configured together can be considered. 
As mentioned, the frequency shifts caused by the UE speed in the uplink will be two times of the Doppler shifts in the downlink. Therefore, the bottleneck for UE speed should be uplink.  Based on the limitation of uplink, the maximum supported UE speed is up to 270km/h theoretically, which can be regarded the starting point. While in practical implementation, considering the RF marginal and frequency offset error for oscillatory accuracy, such as +/- 0.1 ppm, additional margin should be considered when determining Doppler shift based on the maximum supported UE speed.
Proposal 5:  Considering the limitation from both UL/DL PHY channel in Rel-15/16, the maximum supported UE speed with 270km/h under the assumption of carrier frequency 28GHz and 252 km/h under the assumption of carrier frequency 30GHz can be considered as starting point for RAN4 evaluation.  

4. Conclusion
In this contribution, we further provided our discussion and viewpoint on high speed train deployment scenario in FR2. The following observations and proposals are provided accordingly: 
Observation-1: FR2 HST deployment schemes which are not compatible with Rel-15/16 NR shall be precluded in FR2 HST WI discussion. 
Proposal-1: For Joint transmission (JT) used for FR2 HST, only full SFN (i.e., Joint Transmission (JT) for all channels (SSB, TRS, PDCCH/PDSCH, etc)) is considered in Rel-17 FR2 HST WI. 
Proposal-2: The scheme of Joint transmission (JT) for selected channels but distributed SSB shall be precluded from Rel-17 FR2 HST WI discussion. 
Observation-2: For uni-directional RRH deployment, we found no benefits from Joint transmission (JT) unless there is just one fixed beamforming used in each RRH. 
Observation-3: For uni-directional RRH deployment, the DPS transmission which requires UE to track more than 2 TCI states should be precluded from FR2 HST WI discussion. 
Observation-4: The benefit of implementing multi-DCI based multi-TRxP transmission compared with DPS transmission 1b is not observed. 
Observation-5: For bi-directional RRH deployment, joint transmission (JT) for all channels (SSB, TRS, PDCCH/PDSCH) should be precluded from using for FR2 HST. 
Observation-6: For bi-directional RRH deployment, the DPS transmission which requires UE to track more than 2 TCI states should be precluded from FR2 HST WI discussion. 

And the FR2 HST deployment scenarios with Samsung’s view are summarized in the below table: 
Table. Summary of FR2 HST Deployment Scenarios
	Scenario
	Transmit configuration 
	Support in R15
	Support in R16
	Views from Samsung

	
	SSB
	TRS
	PDCCH/
PDSCH
	Illustrative Figure
	
	
	

	Uni-directional RRH Deployment

	JT for all channels – Full SFN
	Joint Tx
	Joint Tx
	Joint 
Tx
	

	Yes
	Yes
	No benefits observed, unless only 1 fixed beam per RRH

	Dynamic Point Selection (DPS)
	DPS
	

	Yes
	Yes
	Both Scheme DPS 1a and 1b seems reasonable, but don’t require UE to track more than 2 activated TCI.

	Multi-DCI based Multi-TRxP Transmission
	DPS
	DPS
	Multi-DCI Tx
	

	No
	Yes
	Don’t see benefits compared with DPS scheme 1b.

	Bi-directional RRH Deployment

	JT for all channels – Full SFN
	Joint Tx
	Joint Tx
	Joint 
Tx
	

	Yes
	Yes
	Not reasonable scheme, should be precluded

	Dynamic Point Selection (DPS)
	DPS
	

	Yes
	Yes
	Both Scheme DPS 1a and 1b seems reasonable, but don’t require UE to track more than 2 activated TCI.

	Multi-DCI based Multi-TRxP Transmission
	DPS
	DPS
	Multi-DCI Tx
	

	No
	Yes
	Don’t see benefits compared with DPS scheme 1b.



For FR2 HST channel modeling, the following observations and proposals are reached: 
Observation-7: Based on measurement campaign at 28GHz for typical railway environment, TS38.901 RMa LoS model is demonstrated to be the most accurate pathloss model in terms of lowest RMSE.   
Proposal-3: RAN4 choose TS38.901 RMa LoS pathloss model used for link budget evaluation.   
Observation-8:  Depending on the allowed FR2 HST scenarios in Rel-17 FR2 HST WI, multi-Tap model shall be adopted if joint-transmission from neighboring RRHs are allowed, while single-Tap model shall be adopted if DPS is utilized.  
Obervation-9: Based on measurement-data-calibrated ray-tracing modeling at 28GHz for typical railway environment, it has been validated that the single-tap can be assumed for a single TX-RX link. 
For the maximum supported UE speed in FR2 HST, the following observations and proposals are provided: 
Proposal 4:  For the analysis on maximum supported Doppler shift for both UL and DL and maximum supported UE speed, it is adopted to have 120kHz Subcarrier Spacing for the HST system. 
Observation 10: Downlink TRS (4 symbol interval) could support 270km/h in bi-directional channel model and double theoretically in uni-directional channel model and single tap channel.
Observation 11: For DM-RS, the supported maximum UE speed can be up to 270km/h for UE mandatory supported 3 DMRS configuration, and up to 360 km/h for UE optional supported 4 DMRS configuration. 
Observation 12: For PT-RS, the minimum adjacent PT-RS symbol interval is 1, which gives the highest Doppler shift value as compared with adjacent PT-RS symbol interval is 2/4.  
Proposal 5:  Considering the limitation from both UL/DL PHY channel in Rel-15/16, the maximum supported UE speed with 270km/h under the assumption of carrier frequency 28GHz and 252 km/h under the assumption of carrier frequency 30GHz can be considered as starting point for RAN4 evaluation.  
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