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Introduction
The first task of the HST FR2 WI is to assess the feasible speed that can be achieved for FR2. Following this, RF, RRM and demodulation requirements need to be created. All these tasks require assumptions on the deployment scenario. With that in mind, a Way Forward was agreed at RAN4#97-e with some initial parameters for the deployment scenario.
In this paper, we explore some of the technical considerations that relate to what is feasible and best for the deployment scenario. This includes (i) making correct assumptions for the antenna array, since this will impact both the feasible link budget and the beam pattern, (ii) assessing the link budget, since this will impact the feasible separation between basestations and (iii) considering the differences between uni-and bi- directional in an FR2 perspective.
Antenna array parameters
As discussed during the previous meeting, the antenna parameters assumed for the BS should be revised. Antenna physics links the overall area of an antenna and the antenna gain. Furthermore, if the antenna is split into individual antenna elements, the element vertical and horizontal beamwidths, element peak gain and element spacing are related to one another and cannot be treated individually. A more detailed description is provided in TR 38.820, subclause 7.2.4. The following parameters are determined without considerations to fundamental physical principles. As a consequence, the array antenna model defined in 3GPP TR 37.840 will produce incorrect gain due to the selection of 8dBi element peak gain and 65 degree beamwidths together with 0.5 lamda element spacing:

	Parameter
	Urban macro
30 GHz

	Am
	30

	SLAv
	30

	3dB
	65

	3dB
	65

	GE,max
	8.0

	LE
	1.8

	N
	16

	M
	8

	P
	2

	dv
	0.5l

	dh
	0.5l


Table 2-1: Incorrect antenna parameters

From antenna theory a narrow beam requires larger physical area, hence the current assumption of 65-degree beamwidth and 8dBi gain presupposes an element separation larger than 0.5 lamda. However, in 3GPP RAN4 it was decided to focus on 0.5 lambda element spacing considering antenna arrays for FR2 base stations. If the current parameters are taken together with an assumption of 0.5 lambda spacing, then a large error will be made when modelling the array gain. The gain error can be evaluated by comparing the gain response produced by the 3GPP model with a model where directivity normalization is used. The gain error will vary for different steering directions and parameter sets. In TR 38.803, subclause 5.2.3.2.1, five different parameter sets have been defined for FR2 base stations. In figure 2-1 the gain error for reference direction and typical maximum vertical and horizontal steering directions (defined in TS 38.141-2) is plotted for all given parameter sets for FR2. For the parameter set listed in Table 2-1, indexes 1 and 2 shows the gain error for reference direction and max vertical and horizontal direction for 30 GHz urban macro parameters, other indexes relates to other parameter sets. It can be concluded that the gain error can swing 6 dB, between reference direction to maximum horizontal steering angle, while considering the vertical domain the gain error is constant 4.5 dB. 
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Figure 2-1: Error in array gain modelling for several beam directions if the incorrect element pattern is applied
Observation 1: The antenna model parameters in Table 2-1 result in significant gain errors in the horizontal and vertical cuts, introducing horizontal error of ±6dB and vertical error of 4.5dB.
To model the antenna array correctly, the following parameters should be adopted:

	Parameter
	Urban macro
30 GHz

	Am
	30

	SLAv
	30

	3dB
	90

	3dB
	90

	GE,max
	5.5

	LE
	1.8

	N
	16

	M
	8

	P
	2

	dv
	0.5l

	dh
	0.5l



Table 2-2: Correct antenna parameters
Proposal 1: The following antenna parameters shall be adopted:
	Parameter
	Urban macro
30 GHz

	Am
	30

	SLAv
	30

	3dB
	90

	3dB
	90

	GE,max
	5.5

	LE
	1.8

	N
	16

	M
	8

	P
	2

	dv
	0.5l

	dh
	0.5l



Link budget analysis
The SNR available at a receiver depends on the signal level, noise and interference levels. For an HST deployment, the interference scenario will depend on several aspects of the deployment. There may be interference between BSs in downlink if each train has multiple HST FR2 UEs, which may be served from different BS transmitting in the same direction:

[image: ]
Figure 3-1: Potential for interference between BSs for a uni-directional deployment (depending on beam parameters)

The amount of interference will depend on the beam configurations (beamwidth, beam pointing directions) at the BS and the UE and may not be severe. Further analysis taking into account beam patterns and specific deployment parameters are needed to consider the interference limited scenario. 
A deployment will not be interference limited if the train has only one HST FR2 UE. 
Due to the beamforming, a deployment is also not likely to be interference limited if the train has multiple HST FR2 UEs, but the HST FR2 UEs are served from a bi-directional deployment from different directions because the UE beamforming will reject the interference from the other direction in such cases.
Proposal 2: HST FR2 UE structure as well as number of HST FR2 UEs to assume per train shall be clarified. 
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Figure 3-2: Serving from different directions for a bi-directional deployment (UE beamforming rejects interference)

From a link budget perspective, it is interesting to quantify the relationship between the distance of the train from the serving BS and the SNR available if the link is only noise limited. Uplink is most likely to be noise limited. In order to assess the link budget, the following assumptions are made:

	UE output power (dBm, TRP)
	23

	Carrier bandwidth (MHz)
	100

	UE element gain (dBi)
	5

	UE number of elements in array Az
	2

	UE number of elements in array El
	4

	UE element HPBW (deg)
	90

	BS element gain (dBi)
	5

	BS number of elements in array Az
	4

	BS number of elements in array El
	8

	BS element HPBW (deg)
	90

	BS Noise Figure (dB)
	10

	UE antenna height (m)
	5

	UE downtilt (deg)
	0

	UE azimuth offset to track (deg)
	0

	BS antenna height (m)
	15

	BS downtilt (deg)
	0

	BS azimuth offset to track
	0

	Min BS-UE distance
	10, 30, 50

	Additional loss
	3


Table 3-1: Link budget assumptions
For the downlink, the output will be larger. Also, for the uplink, since the UE will be a train mounted UE and the power will be very directional along the railway track, it could be envisaged that higher power, up to the power of a BS could be used. The parameters in table 3-1 are the most conservative, and it is quite possible that more power could be made available.
The azimuth offset and downtilt are set to zero for both BS and UE because it is assumed that the BS is close to the track and pointing along the track, and at the point of maximum distance from the BS the UE-BS angular offset will be almost zero in both planes. Beamforming assumes perfect beam steering, with the gain shaped according to the element pattern. An additional 3dB loss is included to account for real beamforming and RRM considerations.
Figure 3-3 depicts the available UL SNR vs UE-BS distance assuming that the link is noise limited and the BS is located 10m from the trackside.
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Figure 3-3: Link budget vs BS-UE distance with 10m BS-trackside distance

It should be noted that SNR of 40-50dB will not be achieved in reality as other factors such as EVM will limit the maximum SNR. The slight increase in SNR around 10-30m from the BS occurs because the azimuth offset from the BS to UE drops from near 90 degrees when the UE is close to the BS to around 0 degrees (i.e. element boresight) as the UE moves away. Also, the link budget is much better than typical FR2 deployments due to the assumption of line of sight. Whether line of sight can really be achieved in a railway environment, considering the impacts of power lines, railway infrastructure etc. may need further consideration.
The chart suggests that even with this quite conservative assumption on available power, SNR of around 17-19dB can be obtained at 800m separation. 20dB SNR is achievable at around 600m separation and 25dB at around 400m separation. Greater power would obviously imply larger SNR.
Figures 3-4 and 3-5 depict the link budget assuming 30m and 50m BS to trackside distance. The SNR around the BS differs, but the BS to trackside distance does not impact the largest supportable BS-UE separation very much.
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Figure 3-4: Link budget vs BS-UE distance with 30m BS-trackside distance

[image: ]
Figure 3-5: Link budget vs BS-UE distance with 50m BS-trackside distance

Observation 2: Link budget considerations do not seem to constrain any of the deployment scenarios
Considerations on uni- and bidirectional deployments
Different deployment scenarios lead to different characteristics of the received and transmitted signals. Path loss has been covered above, and other aspects include for instance Doppler shift and timing of received signals. 


Figure 4-1: Deployment scenarios. (a) Bi-directional HST deployment, (b) uni-directional HST deployment
The deployment scenarios are illustrated in Figure 4-1 above. In bi-directional deployment switching of serving beam occurs midways between BSs (0.5Ds, 1.5Ds, ...), and when passing a BS (Ds, 2Ds, 3Ds), whereas in a uni-directional deployment, the switching of serving beams occurs close to a BS (e.g. 0.9Ds, 1.9Ds, 2.9Ds). For bi-directional deployment it means that the dominating beam is at most at Ds/2 distance to the UE along the track, whereas for uni-directional deployment it is at most at about Ds distance to the UE along the track. Exact propagation distance between each respective BS and the UE further depends on minimum distance between track and BS, Dmin, and height of the BS relative to the UE, ΔH. Analysis of impact on Doppler shift and timing by different geometries has been carried out using the following parameter values:
	Ds [m]
	Dmin [m]
	ΔH [m]

	800, 650, 500
	10
	10

	300
	50
	10

	200
	30
	10


 Table 4-1: Assumptions on parameter values for Doppler and timing analysis
Normalized Doppler shifts in serving beam received by UE are illustrated in Figures 4-2 and 4-3 for bi-directional and uni-directional deployment, respectively.
In a bi-directional deployment, the normalized Doppler shift of the serving beam alternates between +1, -1, ... at Ds/2, Ds, ..., whereas in a uni-directional deployment the normalized Doppler shift of the serving beam received is in a range close to +1 or to -1, depending on in which direction the train is moving.
[image: ][image: ]
Figure 4-2: Normalized Doppler shift for signal received by UE for serving beam in a bi-directional deployment scenario. 

[image: ][image: ]
Figure 4-3: Normalized Doppler shift for signal received by UE for serving beam in a uni-directional deployment scenario (UE moving in direction towards transmission source)
In E-UTRA legacy, where omni-directional UE antennas and simultaneous transmissions from two or more RRHs is assumed, the alternating Doppler shift potentially causes problems since the signals from different directions are received simultaneously and through the same receiver branch. The differences in Doppler shift then potentially leads to increased interference in the received signal. In NR FR2, such problems are avoided since beamforming is used on the UE side. Hence the UE receives signals from different directions using different receive beams, and therefore can apply separate Doppler estimation and compensation schemes before applying e.g. soft combining or selection combining.
Observation 3: 	In uni-directional deployment, the Doppler shift of source and target serving beams is essentially the same.
Observation 4: 	In bi-directional deployment, the Doppler shift of source and target serving beams has essentially the same magnitude but opposite signs.
Observation 5: In bi-directional deployment, signals with different Doppler shifts are received using separate beams. There is no mixing of signals with opposite Doppler shifts as was the case e.g. in EUTRA.
Since speed up to 350kmph and inter-site distance of 200 up to 800ms is considered, the UE may experience alternating Doppler shifts frequently when in a bi-directional deployment. It is of essence for the system performance that the UE can compensate for Doppler shifts timely when the serving beam is switched. We therefore propose that strategies for Doppler shift compensation are studied for HST FR2 UEs that are receiving one serving receive beam at a time. It should be noted that whenever the Doppler shift changes, the UE panel used for reception also changes.
Proposal 3: Strategies for Doppler shift mitigation in bi-directional deployment shall be studied, considering that Doppler shift is related to the UE panel.
Propagation delays are illustrated in Figures 4-4 and 4-5 for bi-directional and uni-directional deployment, respectively. 
In a bi-directional deployment, the propagation delay is the same for source and target beams when switching serving beam. In a uni-directional deployment, the propagation delay is different for source and target beams. For the combination of geometries in Table 4-1 and numerologies considered in the WID, SCS 60 and 120kHz, the timing change between source and target beams may exceed the cyclic prefix, see Table 4-2. 
[image: ][image: ]
Figure 4-4: Propagation delay for signal received by UE for serving beam in a bi-directional deployment (UE moving in direction towards transmission source)
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Figure 4-5: Propagation delay for signal received by UE for serving beam in a uni-directional deployment.

	SCS [kHz]
	CP [µs]

	60
	1.172

	120
	0.586


Table 4-2: Cyclic prefix length

Observation 6: 	In bi-directional deployment, when UE is switching serving beam, source and target beams have essentially the same propagation delay and hence similar downlink timing at the UE.
Observation 7: 	In uni-directional deployment, when UE is switching serving beam, source and target beams have very different propagation delays, and the change in downlink timing at the UE may exceed a cyclic prefix.  
Hence in a uni-directional deployment, there may be a negative impact on the system performance when the UE is switching beam, since downlink timing and therefore uplink transmit timing may change significantly when switching from one serving beam to another and before the UE has had a time to sync up to reference signals transmitted in the target beam.  We therefore propose that strategies for handling change of downlink hence uplink timing when switching from the coverage of one beam to another in uni-directional deployment are studied.  
Proposal 4: 	Strategies for handling changes in receive timing when changing beam in uni-directional deployment shall be studied.
Conclusion
This paper has considered deployment aspects relating to HST operation in FR2. The following observations and proposals are suggested for further discussion:
Observation 1: The antenna model parameters in Table 2-1 result in significant gain errors in the horizontal and vertical cuts, introducing horizontal error of ±6dB and vertical error of 4.5dB.
Proposal 1: The following antenna parameters shall be adopted:
	Parameter
	Urban macro
30 GHz

	Am
	30

	SLAv
	30

	3dB
	90

	3dB
	90

	GE,max
	5.5

	LE
	1.8

	N
	16

	M
	8

	P
	2

	dv
	0.5l

	dh
	0.5l



Proposal 2: HST FR2 UE structure as well as number of HST FR2 UEs to assume per train shall be clarified. 
Observation 2: Link budget considerations do not seem to constrain any of the deployment scenarios
Observation 3: 	In uni-directional deployment, the Doppler shift of source and target serving beams is essentially the same.
Observation 4: 	In bi-directional deployment, the Doppler shift of source and target serving beams has essentially the same magnitude but opposite signs.
Observation 5: In bi-directional deployment, signals with different Doppler shifts are received using separate beams. There is no mixing of signals with opposite Doppler shifts as was the case e.g. in EUTRA.
Proposal 3: Strategies for Doppler shift mitigation in bi-directional deployment shall be studied, considering that Doppler shift is related to the UE panel.
Observation 6: 	In bi-directional deployment, when UE is switching serving beam, source and target beams have essentially the same propagation delay and hence similar downlink timing at the UE.
Observation 7: 	In uni-directional deployment, when UE is switching serving beam, source and target beams have very different propagation delays, and the change in timing may exceed a cyclic prefix.  
Proposal 4: 	Strategies for handling changes in receive timing when changing beam in uni-directional deployment shall be studied.
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