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1   Introduction
In RAN4 #97e meeting, the scope and deployment for FR2 HST was discussed and a WF was approved [1]. In this contribution, we provide our view on deployment scenario and possible enhancement.
2   Discussion
Based on the options on the agreed WF [1], we present our view on feasibility of combinations of options in different subjects, and what scope RAN4 should focus on based on the progress in previous meeting
2.1   Number of beam and coverage analysis based on deployment scenario
Five possible scenarios are listed on the WF [1] with different combinations of Ds and Dmin:

	Scenario
	Ds (meter)
	Dmin (meter)

	1
	800
	10

	2
	650
	10

	3
	500
	10

	4
	300
	50

	5
	200
	30
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Additionally, baseline assumption for D_RRH_height and D_UE_height is captured. Based on these parameters, the angle between train track and direction to RRH can be derived for distance to RRH from 0 to Ds (the figure presents the view from top of the track, double blue line represents the track):
ϴ=Angle(x) = arctan(z/x), where x is the train distance to RRH, ranges from 0 to Ds.
Note that z can be derived by (the figure presents the view towards the track direction)

[image: image3.png]


z=sqrt(Dmin^2+( D_RRH_height - D_UE_height)^2)

It is expected that Angle(x) drops fast from 90 when x is small. Since UE can’t switch beams infinite fast, we assume only y ms after UE passed RRH, y = 600 based on the requirement of PSS/SSS detection (minimum time needed to detect a new beam). Then from Angle(speed*600ms) and Angle (Ds or Ds/2), we can derive the angle change after UE is able to switch to a new beam after passing RRH, based on different combination of parameters. Note that Ds is used for uni-directional model, and Ds/2 is used for bi-directional model. We plot scenario 1 as an example below, in which the angle change from Angle(speed*600ms) to Angle (Ds) is just 12.6 degree:
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Figure 2‑1 Angle change plot example
Obviously, if the angle change is too small, RRH shouldn’t even bother to change beams, one beam is enough to cover entire region from 0 to Ds or Ds/2. On the other hand, if the angle change is large, more beams are required to cover the entire region in order to acquire enough antenna gain to combat the path loss. 
In WF, it is also agreed to use RAN1 evaluation framework, a few baseline parameters are captured. However, these parameters determine the angular coverage of each beam, then once the angular coverage of each beam is determined, together with angle change derived by Ds and Dmin, number of beams is determined.

Therefore, we propose to decide number of beams and RRH antenna array parameter (Mg, Ng, M, N, P) by Ds and Dmin combination, following the analysis provided above.
Note that link budget analysis and building channel model require antenna gain information, which is based on the above analysis for deployment parameters and antenna array parameters. Therefore, RAN4 should first agree on deployment parameters before start discussion on link budget and channel model.

Beam coverage overlapping to enable UE successfully detect the next beam before leaving the coverage of the current beam needs to be considered when designing the number of beams together with deployment parameters, based on the analysis framework we proposed in previous meeting [2] and captured in WF.

Proposal 1: The following parameters need to be determined jointly to ensure beam management and mobility are feasible in FR2 HST system design:

(1) Ds, Dmin, D_RRH_height, D_UE_height: determines the angular change range to be covered by all beams
(2) RRH antenna array parameters (Mg, Ng, M, N, P): determines how large each beam can cover in angular domain
(3) Beam dwelling time and overlapping: need to support the mobility according to train speed, based on RAN4 requirement (with possible enhancement)
(4) Number of beams: this should be derived based on the above three items, angular change range, beam coverage in angular domain, beam overlapping and dwelling time
2.2   Uni-directional and bi-directional deployment

In this section, we explain our view on uni-directional and bi-directional models, and the corresponding configurations that should be discussed together with selection between these two models. 
Within the scope discussed in previous meeting, in addition to Ds and Ds/2 for angular change analysis in previous section, at least the following configurations are tied to the selection between uni- and bi- directional models:

(1) RRH antenna array orientation 

In uni-directional model, the track from the location of current RRH i to the location of next RRH i+1 is expected to be covered by RRH i, therefore boresight is expected to point the range in [Ds/2, Ds] when RRH i location is set to 0. [0,Ds/2] is not preferred because this range has much smaller path loss.

On the other hand, for bi-directional model, the track from Ds/2 behind the location of current RRH i to Ds/2 ahead is expected to be covered by RRH i, therefore boresight is expected to point the range in [0, Ds/2) when RRH i location is set to 0, Ds/2 is excluded because that’s where the transition to next RRH coverage is expected to happen.
(2) Number of panels per RRH and per CPE

For uni-directional model, CPE UE expect to receive signal from behind the current location (w.r.t. moving direction) only, in this case one panel is enough to cover this single direction. On the other hand, for bi-directional model, CPE UE expect to receive signal from both behind and ahead of current location, therefore two panels are preferred to cover both directions.

Proposal 2: The following issues should be bundled with uni-directional and bi-directional model discussion:

(1) RRH antenna array orientation 

(2) Number of panels per RRH and per CPE

In the following table, we summarize the difference between uni-directional and bi-directional model:

	
	Uni-directional
	Bi-directional

	Doppler spread (Dp = fc*v/speed of light)
	0 if single path, <Dp if mult-path is considered
	2*Dp if signal is received from two RRHs closest to UE on opposite side

	TCI state (if different TCI states are configured for different RRHs)
	TCI state switch happens on the RRH location
	TCI state switch happens at the midpoint between two RRHs

	Path loss
	In the range of path length [0,Ds]
	In the range of path length [0,Ds/2]


Observation 1: Comparison of uni-directional and bi-directional models are listed in the following table:

	
	Uni-directional
	Bi-directional

	Doppler spread (Dp = fc*v/speed of light)
	0 if single path, <Dp if mult-path is considered
	2*Dp if signal is received from two RRHs closest to UE on opposite side

	TCI state (if different TCI states are configured for different RRHs)
	TCI state switch happens on the RRH location
	TCI state switch happens at the midpoint between two RRHs

	Path loss
	In the range of path length [0,Ds]
	In the range of path length [0,Ds/2]


2.3   SSB index mapping

Two options are listed in WF: SSB indexes are shared consecutive RRHs or assigning different SSB indexes. We explain the potential issue for both bi-directional and uni-directional models with shared SSB indexes. 

For bi-directional model, UE receives signals from RRHs on both sides (behind and ahead of UE). These two signals are with opposite Doppler shift, therefore, if RRHs have the same SSB indexes, UE may receive the SSBs with the same index but opposite Doppler shift, which results in large Doppler spread for SSB and PSS/SSS detection (when accumulating across SSBs) and PBCH decoding become problematic. Furthermore, whenever these SSBs are QCLed to other RS and channels, the QCL relationship becomes useless because other RS and channels may not experience the same Doppler spread as SSBs.

For uni-directional model, UE receives signals possibly from two RRHs behind it. When SSB indexes are shared for these two RRHs, UE may receive the same SSB coming from two RRHs with different distances to UE, which results in different path loss and delay, thus delay spread can be large in this case. Similarly, large delay spread can lead to failed PSS/SSS detection and PBCH decoding, and the QCLed RS and channels to these SSBs don’t necessary experience the same delay spread and the QCL relationship becomes useless.
Therefore, we propose to have different SSB indexes for consecutive RRHs.
Proposal 3: Using different SSB indexes for consecutive RRHs.
3   Conclusion
Proposal 1: The following parameters need to be determined jointly to ensure beam management and mobility are feasible in FR2 HST system design:

(1) Ds, Dmin, D_RRH_height, D_UE_height: determines the angular change range to be covered by all beams
(2) RRH antenna array parameters (Mg, Ng, M, N, P): determines how large each beam can cover in angular domain

(3) Beam dwelling time and overlapping: need to support the mobility according to train speed, based on RAN4 requirement (with possible enhancement)
(4) Number of beams: this should be derived based on the above three items, angular change range, beam coverage in angular domain, beam overlapping and dwelling time
Proposal 2: The following issues should be bundled with uni-directional and bi-directional model discussion:

(1) RRH antenna array orientation 

(2) Number of panels per RRH and per CPE

Observation 1: Comparison of uni-directional and bi-directional models are listed in the following table:

	
	Uni-directional
	Bi-directional

	Doppler spread (Dp = fc*v/speed of light)
	0 if single path, <Dp if mult-path is considered
	2*Dp if signal is received from two RRHs closest to UE on opposite side

	TCI state (if different TCI states are configured for different RRHs)
	TCI state switch happens on the RRH location
	TCI state switch happens at the midpoint between two RRHs

	Path loss
	In the range of path length [0,Ds]
	In the range of path length [0,Ds/2]


Proposal 3: Using different SSB indexes for consecutive RRHs.
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