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1   Background
As per the approved WF [1], candidate FR2 HST deployment scenario and related parameters for RRH and CPE, simulation assumptions for evaluations are listed.
In this contribution, we share our analysis and proposals for those open issues.

2   Discussion

Max Velocity and max Doppler shift

Before discussion on Ds and Dmin, the max supported velocity and max Doppler shift should be discussed firstly based on the Rel-15/16 NR design limitations for all UL/DL physical channels, because all discussions for Ds and Dmin are based on certain velocity assumption, if max 350km/h is not feasible at all just based on the UL/DL physical channel design, all analysis for Ds and Dmin based on velocity of 350km/h will be useless and it will also result in conservative design for Ds and Dmin. 
Firstly we support all analysis and possible performance requirements are only based on subcarrier spacing 120kHz considering the practical use of 120kHz SCS for FR2.
Proposal 1: Only consider SCS 120kHz for FR2 HST evaluations and possible performance requirements definition.

As per UE feature list, support of DMRS type 1 with 1 symbol FL DMRS and 2 additional DMRS symbols (i.e. 1+1+1) is mandatory without capability signaling for both DL and UL; support of 1 symbol FL DMRS and 3 additional DMRS symbols (i.e. 1+1+1+1) is optional with capability signaling, we propose to base on DMRS type with 1 symbol FL DMRS and 2 additional DMRS symbols for the supported max Doppler shift analysis.
Proposal 2: Consider DMRS Type 1 with 1 symbol FL DMRS and 2 additional DMRS symbols (i.e. 1+1+1) for both UL and DL max Doppler shift analysis.
Based on the above proposals 1 and 2, the max TRS interval is 4 symbols for DM-RS configuration 1+1+1, we calculated the corresponding supported max Doppler shift for both PDSCH and PUSCH and the max velocity with assumption of 2 times of UL Doppler shift compared to DL:
	Physical Channel
	SCS
	DMRS configuration
	TRS interval (symbol)
	Max Doppler shift
	Velocity

	PDSCH
	120kHz
	1+1+1
	4
	14kHz
	504km/h

	PUSCH
	120kHz
	1+1+1
	4
	14kHz
	252km/h


Observation 1: for UL DM-RS 1+1+1: consider both UL and DL together and the UL limitation of max Doppler shift: the supported max velocity = 252km/h with DL fd = 7kHz and UL fd = 14kH without margin assumption of positive to negative Doppler jump.

Considering the TCI switching and possible positive to negative Doppler shift jump during the beam switching, further margin should be considered on top of the theoretical Doppler shift value of 7kHz for DL and 14kHz for UL.
Proposal 3: Consider max velocity of 250km/h and max Doppler shift 7kHz for DL and 14kHz for UL during the evaluations of HST deployment in FR2.
Ds and Dmin
As stated [4], if beam dwelling time is too short, UE will not have enough time to sweep its Rx beam and find the next suitable beam for data reception. Based on the current beam management requirements in TS 38.133 and taking the similar assumptions [1] with no-DRX operation, SMTC period = 20ms and velocity 250km/h as Proposal 3, we calculate the related beam management period and overlapping area for initial analysis of Ds and Dmin as following: 

The cell identification time is:

· Tidentify_intra_without_index = (TPSS/SSS_sync_intra + T SSB_measurement_period_intra) = 20ms* 24 + 20ms*24 = 960ms, where
Mpss/sss_sync_w/o_gaps = 24 (assume FR2 power class 4), Klayer1_measurement, CSSFintra = 1

· The overlapping area between two adjacent Tx beams in neighboring cell should be at least 960ms*69.4m/s = 67m.
The beam discovery and measurement time is: 

· PSS/SSS detection time + SSB measurement period = 20ms*24 + 20ms*8 = 640ms, with M=1, N=8 and P=1.
· Overlapping between two adjacent Tx beams should be large enough to cover the SSB detection and SSB measurement report: 640ms*69.4m/s = 44m. 
The total coverage between two adjacent TRPs that belongs to one BBU, the Ds >> overlapping area*(number of beam-1). If we assume the deployment scenario as shown in Figure c below, the total overlapping area can be 44*3 = 132m, there will be too much overlapping overhead if the Ds is smaller, such as the options of Ds = 200m and Ds = 300. Less number of beam should be considered for scenario with smaller Ds, frequent handover will occur with less number of TRP per BBU, also such scenario will not make full use of the capability of TRP to support multiple beams and higher UE capability to support 2Rx active beams reception and faster beam sweeping and switching, this deployment also limit the actual use scenarios for FR2.
Observation 2: Ds = 200m and 300m maybe not suitable considering the limited coverage and possible frequent handover.
Considering higher PC4 or possible new PC5 for FR2 CPE installed on rooftop of train under HST, higher antenna gain from the larger antenna array for FR2, no penetration losses caused by train box, higher BS output power as extracted below from TS 38.104 and deployment constraints, such as new site selection, power supply and high CAPEX, the possibility to reuse the same deployment of RRHs as FR1 cannot be precluded as did for NR FR1 3.5GHz to reuse the same deployment for those refarming LTE band. 
Table 9.3.1-1: BS rated carrier TRP output power limits for BS type 1-O [TS 38.104]

	BS class
	Prated,c,TRP

	Wide Area BS
	(note)

	Medium Range BS
	≤ + 47 dBm

	Local Area BS
	≤ + 33 dBm

	NOTE:
There is no upper limit for the Prated,c,TRP of the Wide Area Base Station.


Based on the assumptions for evaluations given in [1] and other assumptions used in our evaluations as listed in Table 1, the typical RRH height 35m used in FR1 is assumed, we shares our evaluations for analysis:
Table 1: Simulation assumptions for link budget analysis

	Carrier frequency
	30GHz

	RRH Tx power
	47dBm

	RRH height
	35m

	RRH antenna array
	Option 1(RAN1 assumption): 2 ports: [Mg, Ng, M, N, P]=[1, 1, 4, 8, 2]

Option 2: 2 ports: [Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]

	Radiation power pattern of a single antenna element for TRP
	Vertical cut of the radiation power pattern(dB)
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	Horizontal cut of the radiation power pattern(dB)
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	3D radiation power pattern(dB)
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	Maximum directional gain of an antenna element GE,max
	[8] dBi

	Path Loss
	RMa LOS PL1, UMa LOS PL1 and free space in TR 38.901

	UE antenna height
	5m

	UE antenna array
	Option 1 (RAN1 assumption): 2 ports: [Mg, Ng, M, N, P]=[1, 1, 2, 4, 2]
Option 2 (PC4 assumption): 2 ports: [Mg, Ng, M, N, P]=[1, 1, 4, 4, 2]

	Antenna element radiation pattern for UE
	Antenna element radiation pattern in  θ’’ dim (dB)
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	Antenna element radiation pattern in ϕ’’ dim (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	5dBi

	UE noise figure
	10dB

	ILs
	13 dB

	SNR
	18.6dB (i.e. FR2 Test 2-6, 64QAM CR=0.43 and Rank2 in TS 38.101-4)

	Note: 
· REFSENS (dBm) = -174dBm (kT) + 10*log(Max. RX BW) + NF – Total Ant. gain + SNR + ILs (ref. R4-1709951)

· 
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As per the simulation assumptions listed in Table 1, the corresponding REFSENS and UeRxPower are shown as in Figure 1 for different RRH and UE antenna array model combinations:
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Figure 1: REFSENS vs UeRxPower


By comparing the UE Rx power with REFSENS and considering other possible factors for additional margin, we can observe that similar link budget as FR1 can be derived for FR2, Ds=700m and Dmin=150m can be achieved for FR2 by appropriate network deployment, i.e. suitable number of panel per RRH, number of beam per panel, the total number of beams and others to cover the distance between two TRPs.
The candidate Dmin and RRHRRH_height listed in [1] are not within the safe distance for deployment, i.e. Dmin < RRHRRH_height larger Dmin should be considered for real safety and avoid too fast beam angular speed within very short duration.
Observation 3: Dmin = 10m is not within the safe distance with assumption of RRHRRH_height = 10m, 15m or 20m
Proposal 4: Consider Ds=700m and Dmin=150m as one of candidate deployment scenarios for further evaluations.
Deployment scenarios:

For the possible deployment scenarios as figured below:
[image: image12.png]



As per [1], unidirectional SFN as shown in Figure a is agreed to be considered. Reduced coverage can be foreseen by using unidirectional SFN. At the vicinity of RRH, short beam propagation should be considered to cover the area of the RRH projection area and enough overlapping should be considered to remedy the poor coverage of adjacent two RRHs. Unidirectional SFN is suitable for UE with 1 Rx active beam for data reception, actually this can be achieved by DPS for NR by using TRS for time and frequency tracking that is different from LTE by using CRS, also for UE with enhanced capability with 2 active beams for data reception, especially for CPE, unidirectional cannot meet such enhanced UE capability, the evolution will be limited. For the UL coverage, the TRP only receives the signal from one direction, which will impair the uplink coverage. Actually UE still needs to receive the signals from two TRPs in the overlapping area under one TRP to ensure correct path loss estimation based on downlink signal to avoid that UE uses maximum transmit power when it is very close to the RRH, then same UE capability to receive signal from two directions as bi-directional is needed, also negative to positive Doppler change still will happen.
Observation 4: Unidirectional SFN has limited DL and UL coverage, further evolution constraint for UE with 2 active beams for data receptions and the chance to happen negative to positive Doppler change
[image: image13.png]



Before we discuss the deployment scenario shown in Figure b and Figure c, the interpretation for SFN as listed in [1] need to be aligned.

· 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.

Firstly we think that we should not change the traditional HST SFN concept: All RRHs under one BBU in the same cell ID transmit the same signal including data and reference signal at the same time. This is reflected in NR FR1 HST in Release 16 and LTE HST requirements. HST-SFN and DPS are different deployment scenarios, also as per the newly approved Release 17 enhanced NR HST in FR1, performance requirements for multi-DCI based multi-TRP transmission (i.e. transmission scheme 2) maybe introduced. SFN interpretation-1/-2 listed in [1] can be categorized as three different deployment scenarios:

HST-SFN: All RRHs under one BBU in the same cell ID transmit the same signal including data and reference signal at the same time;

HST DPS: All RRHs under one BBU in the same cell ID, but PDSCH transmit only from one TRP at one time, transmission from different TRP has different TCI, TCI switching is needed;

Multi-TRP: RRHs under one BBU in the same cell ID, PDSCH is jointly transmitted from two or more adjacent TRPs scheduled by single-DCI or multi-DCI.
Based on the above category, Figure b and Figure c can be implemented as per the above three different deployment schemes. The differences between Figure b and Figure c are the coverage, beam management and TCI switching aspects due to different number of beam for coverage.
Figure b: it can be two beams per panel and one panel per RRH with opposite directions, or one beam per panel and two panels per RRH; UE can receive signal by DPS mode with 1 active Rx panel, or SFN mode with 2 active Rx panels to receive signal from two TRPs, or multi-TRP mode with 2 active Rx panels from two TRPs. Based on the evaluations on DPS and SFN and ongoing evaluations on multi-TRP in FR1 HST enhancements WI, but considering the sensitive ICI for FR2, further evaluation is needed. DPS can achieve better performance than SFN and can avoid multi-path delay spread for almost the same coverage and lower UE capability to support less number of active TCI states, DPS is a good candidate to consider.
Figure c: it can be four beams per panel and one panel per RRH with opposite direction, or two beams per panel and two panels per RRH with opposite directions; Similar as Figure b, DPS, SFN and multi-TRP mode can be considered for deployment. With more number of beams along the track compared to Figure b, fast beam switching is required, maybe this can be mitigated by suitable SSB index to beam mapping. Fast TCI state switching is also needed to achieve smooth DPS reception; there is serious multi-path delay spread for data reception for SFN mode and multi-TRP mode. Considering the larger subcarrier spacing of 120kHz, the impact of ICI should be considered. To reduce the impact of multi-path delay spread and ICI, still DPS mode is good choice to consider for UE with support of higher number of active TCI states for smooth data reception and good coverage.
To achieve the similar coverage as FR1, such as Ds=700, Dmin=150, according to the analysis of Figure b and Figure c, we can observe:
Observation 5: 

· DPS mode is a good candidate to consider for FR2 HST deployment

· For UE with support of less number of active TCI states, such as 1 or 2, and less panels per RRH or less beams per panels, Figure b is candidate channel mode to consider

· For UE with support of higher number of active TCI states, such as 2 or 4, and more panels per RRH or beams per panels to achieve larger coverage, Figure c is a candidate channel mode to consider.
Number of RRH sites per BBU, we prefer to keep consistent with FR1 HST, i.e. 4 RRHs per BBU.
Proposal 5: 4 RRHs per BBU and 1, 2 and 4 beams per panel and 1 or 2 panels in one RRH can be considered based on the deployment scenarios.
Proposal 6: Both 1 and 2 Rx panels for different UE capability should be considered.

Proposal 7: DPS transmission scheme should be considered to reduce the multi-path delay spread, reduce ICI and achieve good coverage.

SSB index to Beam mapping
To reduce the overhead of SSB and minimize the number of beam switching, for the specific mapping, as listed in [3], the shared SSBs for beams from different panels is preferred. i.e. All RRHs under the same cell use the same set of SSB indice, all panels for one RRHs use the same SSB indice.
[image: image14.png]Figure d: SSB index to Beam mapping // ¢




Proposal 8: Consider the shared SSBs for beams from different panels
RRH antenna array orientation and boresight of CPE panel(s) can be adjusted as per the coverage and velocity during the network deployment
For the performance requirements, we need to specify the RRH antenna array orientation for the coverage analysis, and cam assume CPE directly points to the RRH beam for reception.
Number of panels per CPE:

Rx panels: as per the current UE capability, 1 Rx panel capability is defined; 2Rx panels are possible for CPE device considering the form factor and power consumption. Different UE capability can be considered.
Tx panels: consider the RF chain constraints, 1 Tx panel should be considered.

Proposal 9: 1 or 2 Rx panels and 1 Tx panel per CPE should be considered.

3   Proposals
In this contribution, we share our analyses and evaluations on FR2 HST deployment scenarios, and our observations and proposals are:

Our observations:

Observation 1: for UL DM-RS 1+1+1: consider both UL and DL together and the UL limitation of max Doppler shift: the supported max velocity = 252km/h with DL fd = 7kHz and UL fd = 14kH without margin assumption of positive to negative Doppler jump.

Observation 2: Ds = 200m and 300m maybe not suitable considering the limited coverage and possible frequent handover.

Observation 3: Dmin = 10m is not within the safe distance with assumption of RRHRRH_height = 10m, 15m or 20m.
Observation 4: Unidirectional SFN has limited DL and UL coverage, further evolution constraint for UE with 2 active beams for data receptions and the chance to happen negative to positive Doppler change
Observation 5: 

· DPS mode is a good candidate to consider for FR2 HST deployment

· For UE with support of less number of active TCI states, such as 1 or 2, and less panels per RRH or less beams per panels, Figure b is candidate channel mode to consider

· For UE with support of higher number of active TCI states, such as 2 or 4, and more panels per RRH or beams per panels to achieve larger coverage, Figure c is a candidate channel mode to consider.

Our proposals:
Proposal 1: Only consider SCS 120kHz for FR2 HST evaluations and possible performance requirements definition.

Proposal 2: Consider DMRS Type 1 with 1 symbol FL DMRS and 2 additional DMRS symbols (i.e. 1+1+1) for both UL and DL max Doppler shift analysis.
Proposal 3: Consider max velocity of 250km/h and max Doppler shift 7kHz for DL and 14kHz for UL during the evaluations of HST deployment in FR2.
Proposal 4: Consider Ds=700m and Dmin=150m as one of candidate deployment scenarios for further evaluations.
Proposal 5: 4 RRHs per BBU and 1, 2 and 4 beams per panel and 1 or 2 panels in one RRH can be considered based on the deployment scenarios.
Proposal 6: Both 1 and 2 Rx panels for different UE capability should be considered.

Proposal 7: DPS transmission scheme should be considered to reduce the multi-path delay spread, reduce ICI and achieve good coverage.

Proposal 8: Consider the shared SSBs for beams from different panels

Proposal 9: 1 or 2 Rx panels and 1 Tx panel per CPE should be considered.
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