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Introduction
The discussion of HST FR2 deployments continued at the previous RAN#99-e meeting in terms of two main deployments scenarios [R4-2108694]:
· Scenario-A: Ds=10m, i.e., the RRHs are located close the railway track
· Scenario B: Ds=150, i.e., the RRHs are located further away from the track, and this deployment can reuse FR1 sites.
This contribution addresses the open issues in the WF [1].
Discussion
Potential HO issue
In [1], a potential HO due to the sudden degradation of the serving cell quality when UE is moving towards the serving beam is outlined:
	· Potential Handover Issue: 
· Potential handover problem due to sudden RX signal increase of the target cell can be alleviated by DPS transmission scheme with carefully allocated SSB-index among neighboring cells to avoid inter-cell interference.
· FFS another potential handover issue due to the sudden degraded serving cell quality for UE moving toward the serving beam in uni-directional deployment.



Figure 1 shows SINR distributions for uni-directional Scenario-B with 2 beams per RRH. We observe more problems for deployment where RRH direction is opposite to train movement. Similar issues where observed for Scenario A, but the effects in Scenario A are more drastic. Scenario B has good SINR level indicating good mobility robustness even up to 160 ms DRX cycles when RRH direction is the same as train movement. For the other RRH direction DRX cycles 80-160 ms show low SINR levels for 5-percentile of the CDF.
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[bookmark: _Ref79138876]Figure 1 SINR distributions for uni-directional Scenario-B with 2 beams per RRH
Figure 2 shows time-of-outage percentage per call in all uni-directional scenario variations. We observe that if RRHs are pointing opposite to train movement direction the time-of-outage percentage is higher. For Scenario-B time-of-outage rates stay low regardless of the RRH direction compared to train movement with no DRX and DRX cycles up to 80 ms. With longer DRX cycles there can be mobility problems even for Scenario-B particularly when RRH direction is opposite to train movement. Note that these results are using N=8 scaling for Rx beams. More details can be found in [2].
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[bookmark: _Ref79135984]Figure 2 Time-of-outage in uni-directional scenarios
[bookmark: _Hlk79188406]Based on our system-level simulations in scenario B, no potential HO issues are observed.
Comparison between uni- and bi-directional RRH deployments for Scenario-B
From [1], the open issues are 
	· [bookmark: _Hlk79182879]Comparison btw. uni- and bi-directional RRH deployments for Scenario-B: 
· From signal strength and beam coverage perspective: 
· FFS Bi-directional deployment’s advantage over uni-directional deployment based on deployment scenario analysis.
· FFS only need to consider uni-directional deployment for Scenario-B



Figure 4 shows SINR distributions in Scenario-B with 2 beams per RRH without DRX. In this case all deployments show good SINR level with approximately 90% of the samples above 20 dB. Bi-directional scenario has slightly lower SINR for 5-percentile, but higher median SINR than the uni-directional deployments. Note than SINR distribution is affected by mobility performance i.e. possibilities to have the best serving cell.
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[bookmark: _Ref79141562]Figure 3 SINR distribution without DRX for both uni- and bi-directional deployments in Scenario-B with 2 beams per RRH
Figure 5 shows SINR distributions in Scenario-B with 2 beams per RRH with DRX cycle 80 ms. Scaling N=8 is assumed in measurement periods. All cases show decreased SINR compared to no DRX case. We observe that with DRX uni-directional case with RRH direction the same as train movement shows best SINR particularly for 5-percentile. The other cases are more sensitive to the relaxation of measurements with DRX in mobility robustness.
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[bookmark: _Ref79146036]Figure 4 SINR distribution with DRX for both uni- and bi-directional deployments in Scenario-B with 2 beams per RRH
[bookmark: _Hlk79188424]From system simulations, there are advantages of bi-directional deployment over uni-directional deployment but not significant. 
Both uni- and bi-directional deployment can be considered for Scenario B. 

Number of beams for uni- and bi-directional Scenario B
From [1], the open issues are
	· Number of Beam(s) for uni-directional (if confirmed to be used), Scenario-B: 
· RRH parameter:
· 2 beams per RRH panel 
· Other options not precluded
· FFS the benefits of implementing more beams per RRH panel
· UE parameter: 
· 1 beam per UE panel 
· Other options not precluded
· FFS the benefits of implementing more beams per UE panel

· Number of Beam(s) for bi-directional (if confirmed to be used), Scenario-B:
· RRH parameter:
· 2 beams per RRH panel
· Other options not precluded
· FFS the benefits of implementing more beams per RRH panel
· UE parameter: 
· 1 beam per UE panel 
· Other options not precluded
· FFS the benefits of implementing more beams per UE panel



For RRH, the number of beams required to provide coverage along the trajectory of UE depends on the half-power beam width. For example, Figure 5 shows a total 5 beams are required to provide coverage based on the narrowest half-power beam width. If a wider beam width is used, then the number of beams required to provide the same coverage is less. It is worth mentioning that additional beams have no impact RRM. 
In RRH, the number of beams depends on half-power beam width of antenna arrays.
Regarding the discussion on UE parameter setting for HST is the benefits of implementing more beams per UE panel. In this section, we discuss the performance of different number of RX beams per UE panel and Rx beam angles based on L1-RSRP (with sliding window size of 3) and SINR. We particularly consider the settings in Table 1.
	Setting
	Number of Rx beams per UE panel
	Rx beam(s) azimuth angles [in degree]

	Rx beams 80
	1
	80

	Rx beams 8070
	2
	80, 70

	Rx beams 8075
	2
	80, 75

	Rx beams 807060
	3
	80, 70, 60

	Rx beams 807570
	3
	80, 75, 70

	Rx beams 90807060
	4
	90, 80, 70, 60

	Rx beams 85807570
	4
	85, 80, 75, 70


Table 1
Based on serving beam L1-RSRP traces and SINR distributions, respectively shown in Figures 5 and 6, we observe that increasing the number of Rx beams is beneficial only if the additional beam is within a range of Rx azimuth angles. This is not surprising considering the radio angle of arrival in HST scenario is limited. It is also clearly shown in the L1-RSRP traces and CDF distributions, where increasing the number of RX beams beyond two beams and beyond three beams does not have benefit when the distance between neighbouring beams is 10 degrees and 5 degrees, respectively. For example, having two Rx beams with azimuth angles {80, 75} degrees are better than having three Rx beams with azimuth angles {80, 70, 60} degree or four Rx beams with {90, 80, 70, 60} degrees.
Increasing the number of Rx beams is beneficial only if the added beam is within a range of Rx azimuth angles. 
We can also observe that all the Rx beam settings have the same performance through most of the train track coverage. This indicates the Rx beam with azimuth angle of 80 degrees is dominant throughout the majority of the RRH coverage area. The Rx beams with lower azimuth angles, thus pointing more sideward direction towards the RRH, have better performance than the Rx beam with 80-degree azimuth in the coverage area closer to the RRH. It should be noted that handover does not occurs immediately after we pass through an RRH.
: Even with multiple Rx beams, only one Rx beam is dominant. If the Rx azimuth angles are set optimally, the Rx beam pointing towards the dominant radio angle of arrival is the best Rx beam throughout most of an RRH’s coverage area.
Considering the above observations, having more than two beams adds little benefit for Rx beams with width of 25 degrees and not significantly overlapping beams. Increasing the number of Rx beams to more two would be beneficial with a more overlapping Rx beams, but the gain from adding additional beam diminishes as the number of Rx beams increases.
No significant benefits are observed by using more than two Rx beams per UE panel.
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[bookmark: _Hlk79187589]Figure 5 L1-RSRP values
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Figure 6 SINR

Conclusion
1. Based on our system-level simulations in scenario B, no potential HO issues are observed.
1. From system simulations, there are advantages of bi-directional deployment over uni-directional deployment but not significant. 
1. Both uni- and bi-directional deployment can be considered for Scenario B. 
1. In RRH, the number of beams depends on half-power beam width of antenna arrays.
1. Increasing the number of Rx beams is beneficial only if the added beam is within a range of Rx azimuth angles. 
1. : Even with multiple Rx beams, only one Rx beam is dominant. If the Rx azimuth angles are set optimally, the Rx beam pointing towards the dominant radio angle of arrival is the best Rx beam throughout most of an RRH’s coverage area.
1. No significant benefits are observed by using more than two Rx beams per UE panel.
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TP to TR 38.854 – beam dwelling time for FR2 HST
Referring to the agreement in the WF [1], a TP to TR 38.854 for beam dwelling time which is obtained from system simulations. Background information including beam coverage analysis which influences determines beam dwelling time is also included.
	· Beam dwelling time: 
· The value or range of beam dwelling time is not necessarily to be agreed; 
· Companies’ analysis on beam dwelling time is encouraged to be captured in TR38.854: 
· Contribution-driven
· Individual analysis can be conducted based on companies’ selected parameters and scheme. 




--------------Start of text proposal-------------
[bookmark: _Toc32331962][bookmark: _Toc37429876][bookmark: _Toc43738947][bookmark: _Toc46346708]6.y.1		Simulation results
The system simulation assumptions for beam dwelling time is shown in table 6.y.1-1. The simulation results of beam dwelling time are obtained from system-level simulations which were carried out to evaluate legacy RRM requirements under high-speed train scenarios. 
Table 6.y.1-1: Simulation assumptions for beam dwelling time
	Parameter
	Value

	Number of sites (separate gNBs)
	12

	Inter-site distance (ISD, Ds)
	700 m

	RRH distance to track (Dmin)
	10 m (Scenario A), 150 m (Scenario B)

	RRH height (D_RRH_Height)
	15 m

	CPE height (D_CPE_Height)
	5 m

	Carrier frequency
	28 GHz

	Bandwidth
	50 MHz

	Subcarrier spacing
	120 kHz

	Propagation and channel model
	TR 38.901 RMa with LOS only

	RRH TX output power
	31 dBm

	RRH antenna panel
	[Mg, Ng, M, N, P] = [1, 1, 8, 8, 2]
Panel is pointing towards the track at the x-axis where the next site is situated (ISD away)

	RRH antenna panel direction in relation to train in uni-directional deployments
	Opposite direction (train moves east, RRHs pointing west)
Same direction (train moves east, RRHs pointing east)

	SSB beams per RRH
	Uni-directional:
1 beam:
Pointing into the boresight of the RRH antenna panel
2 beams:
One beam is pointing into the boresight and the other beam is pointing 20 degrees towards the track from boresight
4 beams:
One beam is pointing into the boresight and the other beams are pointing 20, 40, 60 degrees towards the track from boresight

Bi-directional:
1 beam:
Pointing into the boresight of the RRH antenna panel
2 beams:
One beam is pointing into the boresight and the other beam is pointing towards the track at Ds/2
4 beams:
One beam is pointing into the boresight and the other beams are pointing towards the track at Ds/2, Ds/4, Ds/8

	CPE (Train) speed
	350 km/h

	CPE antenna panel
	[Mg, Ng, M, N, P] = [1, 1 or 2, 4, 4, 2]
In uni-directional case where RRHs point east CPE has one antenna panel pointing west
In bi-directional case CPE has two antenna panels pointing to 180 degrees opposite directions (west-east)
MPUE assumption: only one panel can be used at a time for measurements

	Number of beams per CPE panel
	1 beam (even though it is 1, scaling factor 8 is assumed for RRC measurements, L1 measurements and cell detection delays in simulations)

	Traffic
	DL Full Buffer

	Inter-cell interference
	Only one train with one CPE is simulated meaning there is no inter-cell interference

	DRX
	DRX disabled (DRX 0), 40, 80, 160, 256, 320 ms cycles

	SMTC period
	20 ms

	Handover assumptions
	Event A3 with SS-RSRP
Offset: 3 dB
Time-to-trigger: 80 ms

	RRC measurement period
L1 RSRP measurement period
	Note: N=8 assumed in scaling
DRX 0: 480 ms
DRX 40: 1440 ms
DRX 80: 2880 ms
DRX 160: 5760 ms
DRX 256: 9216 ms
DRX 320: 11520 ms

	Cell detection delay
(TPSS/SSS_sync_intra)   
	Note: N = 8 is assumed in scaling
DRX 0: 600 ms
DRX 40: 1440 ms
DRX 80: 2880 ms
DRX 160: 5760 ms
DRX 256: 9216 ms
DRX 320: 11520 ms

	RLM assumptions
	Note: N=8 assumed in scaling
TEvaluate_out_CSI-RS: 600, 3600, 7200, 14400, 23040, 28800 ms (DRX 0, 40, 80, 160, 256, 320)
TEvaluate_in_CSI-RS: 300, 1800, 3600, 7200, 11520, 14400 ms (DRX 0, 40, 80, 160, 256, 320)
N310: 2 samples
N311: 2 samples
Qout threshold SINR: -8 dB
Qin threshold SINR: -6 dB

	BFD assumptions
	Note: N=8 assumed in scaling
TEvaluate_BFD_CSI-RS: 300, 1800, 3600, 7200, 11520, 14400 ms (DRX 0, 40, 80, 160, 256, 320)

	Simulation length
	100 seconds (20 drops of 100 seconds simulated, and statistics samples are gathered from all drops)



The simulation results of beam dwelling time are shown in figures 6.y.1-1-3 for unidirectional scenarios with a different number beams transmitted by RRH. The simulation results of beam dwelling time are shown in figures 6.y.1-4-6 for bidirectional scenarios with different number of beams transmitted by RRH. 
It is worth noting that the simulation results are the average beam dwelling time. In the simulation, beam dwelling time is influenced by beam coverage and beam switching rate (including hysteresis). Beam coverage is discussed in detail in clause 6.y.2, where ideal beam dwelling time is investigated.
In the case of multi-beam operation cases shown in figures 6.y.1-2, 6.y.1-3, 6.y.1-5 and 6.y.1-6, it can be observed that the dwelling time of Beam 0 is the shortest because the coverage of Beam 0 is the smallest.  
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[bookmark: _Hlk79065421]Figure 6.y.1-1: Average beam dwelling time with 1 beam per RRH for unidirectional scenarios
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Figure 6.y.1-2: Average beam dwelling time with 2 beams per RRH for unidirectional scenarios
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Figure 6.y.1-3: Average beam dwelling time with 4 beams per RRH for unidirectional scenarios
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Figure 6.y.1-4: Average beam dwelling time with 1 beam per RRH for bidirectional scenarios
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Figure 6.y.1-5: Average beam dwelling time with 2 beams per RRH for bidirectional scenarios
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Figure 6.y.1-6: Average beam dwelling time with 2 beams per RRH for bidirectional scenarios

6.y.2		Beam coverage analysis
In HST deployment scenarios, the footprint of an RRH beam can be represented by an ellipse as shown in figure 6.y.2-1. It is assumed that UE aboard an HST is moving with constant velocity  and its trajectory is a straight line. An RRH is located at the point  in which its antenna array boresight for the th beam is oriented towards a point  which is along the trajectory of UE. 
[image: ]
Figure 6.y.2-1: RRH beam footprint
The ellipse centred at  can be expressed as 
           
where
,     
 
,    ,       
From trigonometry,  can be derived from the elevation HPBW , elevation pointing angle , semimajor axis  and the magnitude of  as follows 
 
In the equation of the semi-minor axis,  is the angle between the vectors  and , which can be expressed in terms of the semi-major axis , elevation HPBW  and elevation pointing angle . 
 
Referring to figure 6.y.2-1, the segment length of the UE’s trajectory covered by the footprint of beam  is the line segment joining the points  and , which are the intersection points of the ellipse with the line , . In determining these two points, rewriting the ellipse equation as a quadratic equation for  gives
 
where the coefficients are
 
 
[bookmark: _Hlk77114554] 
      
The two solutions to the quadratic equation are 
,	 
The segment length  (in metres) of the UE/CPE’s trajectory covered by beam  is given by
 
Thus, the dwelling time  (in seconds) for beam  is defined by 
 
In order to determine the width of the footprint provided by beam , it is the points of intersection of the ellipse with a straight line passing through  perpendicular to the line , . The width  (in metres) of the footprint defined by beam  is expressed as 
 
where
,	 
 
 
 
 
Table 6.y.2-1 shows the coverage length, width and dwelling time for 3 beams where the boresight is pointing to different positions along the UE’s trajectory for Scenario A. 
Table 6.y.2-1: Beam coverage length, width and dwelling time
	,      ,    

	Beam 
	
	
	
	

	0
	
	57 m
	14 m
	0.6 s

	1
	
	244 m
	31 m
	2.5 s

	2
	
	813 m
	60 m
	8.4 s








--------------end of text proposal-------------
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