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1	Introduction
In this contribution we discuss such deployment aspects of FR2 HST as the number of RRH TX beams for different scenarios, CPE assumptions and transmission mode in the multi-RRH deployment.
2	Discussion
2.1	Link budget analysis
During the previous RAN4 meeting it was agreed to focus on two main deployment scenarios for FR2 HST:
· Scenario A: Ds = 700m; Dmin = 10m
· Scenario B: Ds = 700m; Dmin = 150m
In [1] we presented the extensive link budget analysis for the scenarios which were on the table before RAN4 98-e meeting. Here we would like to have similar link budget analysis Scenarios A and B.
In Table 2.1 the assumptions used for link budget analysis are shown
	Parameter
	Value

	Carrier frequency
	30 GHz

	RRH Tx Power
	31 dBm

	RRH antenna array model
	[Mg, Ng, M, N, P]=[1, 1, 4, 8, 2]
5.5dBi per element antenna gain

	RRH height
	15 m

	Propagation model
	RMa LOS

	Interference margin
	1 dB

	UE antenna height
	4 m

	UE noise figure
	10 dB

	UE antenna array model
	[Mg, Ng, M, N, P]=[1, 1, 2, 4, 2],
5dBi per element antenna gain

	UE RF implementation margin
	13 dB



In Figures 1 and 2 for Scenario A and Scenario B respectively we demonstrate the SNR comparison between the cases of multiple and single TX beam per RRH panel. We can see that the number of TX beams per panel can be reduced without performance degradation.
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	Figure 1: Link budget for Scenario A


Observation 1: For Scenario A single fixed TX beam per RRH panel is enough for sufficient link budget 
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	Figure 2: Link budget for Scenario B


As we can see, for Scenario B it is difficult to find a single beam which will cover the most part of the track. Multiple TX beams should be considered.
Observation 2: Multiple TX beams at the RRH should be considered for Scenario B
2.2	CPE assumptions
2.2.1	Number of panels per CPE
In order to ensure sufficient service for trains moving in different directions either Network or CPE (or both) should support bidirectional operation. 
The most straightforward way to support bi-directional operation is to equip CPE with two panels pointing to opposite directions. Another option is to cover two directions with a single panel pointing orthogonal to the railway. In this case analog beam is directed to forward and backward by adjusting phase-shifter array. However, FR2 antennas are patch antenna arrays with directional antenna elements. The radiation pattern of the antenna array depends on radiation pattern of a single antenna element. Figure 3 demonstrates the gain of a single antenna element observed on the railway for different panel orientation. The curves were plotted using the parameters for of a single antenna element radiation pattern which were agreed during the previous meeting. From the figure we can see that orienting the panel in non-optimal direction will lead to significant loss of antenna array gain.
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	Figure 3. Gain of a single antenna element


Observation 3: Either Network or CPE (or both) should support bidirectional operation to ensure service for trains moving in different directions.
Observation 4: Single panel at the CPE covering both directions leads to non-optimal antenna gain exploitation on the most part of the distance.
Proposal 1: RAN4 to consider CPE to be equipped with two panels pointed in opposite directions
2.2.2	Number of CPE devices per train
In the FR2 HST scenario the link RRH-UE is considered as a backhaul link. That means that we need to serve a UE with all available time-frequency resources in order to provide the maximum possible throughput. So, in this section we discuss the possibility of spatial separation of multiple UEs
· MU operation with one RRH:
Since for FR2 HST scenario LOS propagation is assumed we can say that azimuth angle from RRH to UEs is the main determinant for the possibility of their spatial separation. Figure 4 demonstrates the dynamics of this azimuth angle for a UE during its movement from one RRH to the neighboring. 
As we can see from the figure, it is challenging for RRH to separate UEs in spatial domain in Scenario A as azimuth angle is almost constant at the most part of the distance. For Scenario B two beams with low mutual interference can be found but constant fine beam tuning will be required to provide low inter-stream interference level at the whole distance
UEs can be separated by polarizations but it is better to use this separation for SU-MIMO and provide the maximum throughput to a single UE.
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 Figure 4. RRH to UE azimuth angle dynamics during UE movement to the neighboring RRH



· MU operation with multiple RRHs
Another option for spatial separation in FR2 HST is to use different RRHs for different UEs. Two UEs per train can be served by different RRHs in bidirectional deployment (see Figure 5). In this case we have two options for UE beam management:
· Fixed RX beams (see Figure 5a,b ). UEs operate as they are in two uni-directional deployments in different directions
· Coordinated RX beam switch (see Figure 5a,c ). UEs switch panels simultaneously to avoid operation in the same direction
	a 
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	b
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	c
	[image: ]

	
	Figure 5. MU operation with multiple RRHs



We should mention that such operation is possible only in bi-directional deployment and with DPS transmission mode. However, we do not see any impact of the MU operation on the RAN4 requirements definition 
Observation 5: MU operation requires bidirectional deployment and DPS transmission
Observation 6: No impact of MU operation on the RAN4 requirements identified. 
Proposal 2: RAN4 requirement can be defined based on the baseline of 1 CPE device per train
2.3	Transmission mode
Two options of transmission mode are considered for FR2 HST multi-RRH deployment: 
Joint Transmission for all channels (JT). In this case all RRHs transmit the same signal. 
Dynamic Point Selection (DPS). The signal is transmitted from only one serving RRH.
We don’t see the benefits in JT. For Uni-directional deployment no benefits in JT is observed since propagation delay difference from different RRHs is always higher than CP. For bi-directional deployment the benefits could be in PDSCH combining from different directions, but it was agreed that in FR2 HST scenario CPE can receive with only one panel (i.e. from one direction) at a time.
At the same time, we see the benefits of DPS in reduction of unnecessary emission and interference and in possible usage of unoccupied RRH for serving another UE
Proposal 3: RAN4 to focus only on DPS transmission mode for FR2 HST.  

3	Conclusion
In this contribution, we discussed the deployment aspects for HST in FR2. After discussion, the following conclusions are provided:
Observation 1: For Scenario A single fixed TX beam per RRH panel is enough for sufficient link budget 
Observation 2: Multiple TX beams at the RRH should be considered for Scenario B
Observation 3: Either Network or CPE (or both) should support bidirectional operation to ensure service for trains moving in different directions.
Observation 4: Single panel at the CPE covering both directions leads to non-optimal antenna gain exploitation on the most part of the distance.
Proposal 1: RAN4 to consider CPE to be equipped with two panels pointed in opposite directions
Observation 5: MU operation requires bidirectional deployment and DPS transmission
Observation 6: No impact of MU operation on the RAN4 requirements identified. 
Proposal 2: RAN4 requirement can be defined based on the baseline of 1 CPE device per train
Proposal 3: RAN4 to focus only on DPS transmission mode for FR2 HST.  
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