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Introduction
[bookmark: _Hlk71405257]During the RAN4 98-bis-e meeting the following issues related to Scenario-B deployment aspects in FR2 HST were left FFS [1]:
· Number of beams per RRH panel for uni- and bi- directional deployment
· Number of beams per UE panel for uni- and bi- directional deployment
· RRH Beam switching point for uni-directional RRH deployment, Scenario-B
· Beam dwelling time for uni-directional and bi-directional RRH deployment, Scenario-B
· Pros and cons between bi-directional deployment and uni-directional deployment
In this contribution we provide our views on the above-mentioned issues
Discussion
[bookmark: _Hlk71595817]As in our previous contributions for justification of the proposals made in this paper, we will refer to the link budget analysis. The main assumptions were described in [2] and [3]. For the analysis in this paper we used the antenna parameters agreed during the last meeting: [Mg, Ng, M, N, P]=[1, 1, 8, 8, 2] at RRH side and [Mg, Ng, M, N, P]=[1, 1, 4, 4, 2] at the UE side. For RRH antenna orientation we use the boresight angle -12deg (pointed to the projection of the next RRH to the railway). The CPE antenna orientation is aligned with that value and its boresight angle is (180-12)deg (when the CPE is located at the projection of the RRH to the railway it looks to the previous RRH). In Sections 2.1 and 2.3 single fixed boresight CPE beam is considered.
RRH beam considerations
The azimuth angle from RRH to UE smoothly changes in a wide range during the UE movement in Scenario-B, unlike Scenario-A where this angle is almost static on the most part of the UE path. It is difficult to cover this wide angular range by a single narrow beam. Wider beams might be required. Proper beam design can give us wider beams but with sacrifice of gain. 
An example of wide beam is shown in Figure 1 in blue (8x8 antenna array is assumed). This beam was obtained by applying the following set of phases in the antenna array phase shifters in azimuthal plane: [-π/2, -π/2, π/2, π/2, π/2, π/2, π/2, π/2]. Let’s compare it with the narrow beam focused in the boresight direction by setting same phases for all antenna elements. This beam is shown by red line in Figure 1. In Figure 2 the SNR along the track is shown for both cases of wide beam (blue line) and narrow beam (red line). Dashed line in Figure 2 is related to the SNR required for 64QAM rank-2 DL transmission. We can see that with wider beam we increased coverage closer to RRH and have better SNR at some short distances comparing to narrow beam. But the farther UE is from the RRH the worse performance of the wide beam becomes comparing to the narrow beam. Wide beam cannot compensate the pathloss at the most distance. 
Observation 1: For Scenario-B wide RRH beam can increase the coverage near the RRH while narrow beam can compensate the pathloss far from RRH. Increasing the beamwidth in order to cover more area will lead to performance degradation on most of the distance.
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Figure 1. Wide (“custom”) beam vs. narrow (“phased”) beam radiation pattern
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Figure 2. Wide (“custom”) beam vs. narrow (“phased”) SNR along the track



As at is shown in Figure 2, in the case of single narrow beam there is an area between RRHs where the SNR from the previous RRH is already decreased due to pathloss and SNR from the closest RRH is still small due to limited coverage of the narrow beam. The second beam might be required to cover that area. Figure 3 shows the radiation patterns for two beams to be used. These beams have peaks in boresight direction (-12deg in the figure) and 14 deg relative to boresight direction. 
	[image: ] 
Figure 3. Radiation patterns of two RRH beams to be used in Scenario-B 
(the antenna orientation shift of 12deg is considered)



Figure 4 shows the SNR along the track for two cases: only boresight beam is used (blue curve), both beams from Figure 3 are used (red curve). As we can see, the second beam fills the gap and provides much better SNR in the area where the SNR from boresight beam of the previous RRH is already decreased due to pathloss and SNR from the boresight beam of the closest RRH is still small due to its limited coverage. The CPE will switch to new RRH earlier than in case of single RRH beam – Ds_offset = 232m vs. Ds_offset = 362m. The corresponding beam dwelling time for two beams in this case is 5.17s for the boresight beam and 2.03s for the second beam.
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Figure 4. DL SNR along the track for the cases when one (blue curve) and two (red curve) beams are used at RRH.



Proposal 1: For uni-directional Scenario-B deployment RAN4 to consider 2 beams per RRH panel
[bookmark: _Hlk71656983]Proposal 2: For uni-directional Scenario-B deployment RAN4 to consider beam dwelling time equal to 5.17s for the boresight beam and 2.03s for the second beam.
Proposal 3: For uni-directional Scenario-B deployment RAN4 to consider switching point between RRHs at Ds_offset = 232m.
CPE beam considerations
All the SNR analysis in Section 2.1 assumed single fixed CPE beam. In current section we compare that assumption with the case when multiple beams at the CPE side are available and the best of them is used. 
The radiation patterns of 8 CPE beams is shown in Figure 5. Here the beam drawn with blue bold line in the center corresponds to the broadside beam which was considered in previous section. 
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Figure 5. Radiation patterns of 8 CPE beams 
(the antenna orientation shift of 168deg is considered)


[bookmark: _Hlk71379422]Figure 6 shows the comparison between DL SNR along the track for the case when one (red curve) and eight (blue curve) beams are used at the CPE. As we can see, the benefit of increasing the number of CPE beams is limited to the area where the second RRH beam is used. It is explained by misalignment between the second RRH beam and boresight CPE beam. However, in this area we already have sufficient link budget with single CPE beam. Moreover, the issue of the CPE beams number is mostly related to RRM where we need to define the number of beams for beam search. The RRM requirements for SNR are much lower than the demodulation requirements for high MCS used in our analysis, so we are more than fine with the SNR provided by single beam.
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Figure 6. DL SNR along the track for the cases when one (red curve) and eight (blue curve) beams are used at the UE



Proposal 4: For uni-directional Scenario-B deployment RAN4 to consider 1 beams per UE panel
Bi-directional deployment
Both proposal on number of RRH beams and CPE beams are also applicable for bi-directional deployment with the only difference on the number of active panels which is doubled for bi-directional deployment. 
Proposal 5: For bi-directional Scenario-B deployment RAN4 to consider 2 beams per RRH panel, two panels per RRH (4 beams in total).
Proposal 6: For bi-directional Scenario-B deployment RAN4 to consider 1 beam per UE panel, two panels per UE (2 beams in total).
In Figure 7 we introduce DL SNR along the track for the case of bi- directional deployment. Comparing to the case of uni-directional deployment we can see that there is some performance improvement on the half of the distance. At the same time we have more switching points in bi-directional deployment (dash-dotted lines in Figure 7). These switching points split the inter-RRH distance into 4 intervals which correspond to two beam dwelling times - 0.97s and 2.63s
Proposal 7: For bi-directional Scenario-B deployment RAN4 to consider beam dwelling time for two types of intervals equal to 0.97s and 2.63s.

	

Figure 7. DL SNR along the track for the cases of uni- and bi- directional deployments 



In Figure 7 for each interval we added a notification in purple which RRH serves this interval. As we can see, UE during its movement jumps frequently between the RRHs alternating the direction of its connection and changing serving RRH at each switching point. Such behavior will require complex Doppler shift model which will need to consider all these intervals.
Switching positions are located at Ds_offset = [-700, -445, -350, -255, 0, 255, 350, 445, 700]
Observation 2: For bi-directional Scenario-B deployment with two RRH beams switching positions are located at Ds_offset = [-700, -445, -350, -255, 0, 255, 350, 445, 700]. At each of this points UE changes the serving RRH and the serving direction.
Another problem lies in the cell boundary where such frequent RRH switching will turn into handover ping-pong effect. In the extreme case of a single RRH per BBU, at each switching point UE will change the serving cell. Number of RRH switching points should be minimized
[bookmark: _Hlk71601450]From the overall system performance point of view, we think that the best way to exploit two directions is to double total system throughput by serving two UEs in uni-directional mode in two opposite directions
Observation 3: The following pros and cons of bi-directional Scenario-B deployment were identified:
· Frequent change of serving RRH and consequent change of the direction to the serving RRH leads to complicating of Doppler model which will need to consider each of these switches.
· In the cell boundary frequent RRH switching will turn into handover ping-pong effect 
· Comparing to the case of uni-directional deployment there is moderate performance improvement on the half of the distance. 
· From the overall system performance point of view the best way to exploit two directions is to double total system throughput by serving two UEs in uni-directional modes in two opposite directions
Based on the Observation 3 the following we propose not to consider bi-directional deployment in Scenario-B
[bookmark: _Hlk71405359]Proposal 8: RAN4 to consider only uni-directional deployment for Scenario-B. 
Signalling
In Scenario-B the RRHs are placed 150m away from the railway every 700m. In total such system will cover quite a big area even if the RRH antennas will be oriented only to the railway. Obviously in this area there will be lots of other non-HST FR2 UEs. It would be a huge waste of resources if the network will not serve them. It needs to differentiate them from HST CPE devices. This differentiation can be done through UE capability signalling.
The UE capability might also be helpful to allow future extensions of HST FR2.
Proposal 9: UE capability signalling for FR2 HST support need to be introduced
Conclusion
[bookmark: _Hlk71603305]In this paper we provided view on issues related to Scenario-B deployment aspects and made the following proposals:
Observation 1: For Scenario-B wide RRH beam can increase the coverage near the RRH while narrow beam can compensate the pathloss far from RRH. Increasing the beamwidth in order to cover more area will lead to performance degradation on most of the distance.
Proposal 1: For uni-directional Scenario-B deployment RAN4 to consider 2 beams per RRH panel
Proposal 2: For uni-directional Scenario-B deployment RAN4 to consider beam dwelling time equal to 5.17s for the boresight beam and 2.03s for the second beam.
Proposal 3: For uni-directional Scenario-B deployment RAN4 to consider switching point between RRHs at Ds_offset = 232m.
Proposal 4: For uni-directional Scenario-B deployment RAN4 to consider 1 beams per UE panel
Proposal 5: For bi-directional Scenario-B deployment RAN4 to consider 2 beams per RRH panel, two panels per RRH (4 beams in total).
Proposal 6: For bi-directional Scenario-B deployment RAN4 to consider 1 beam per UE panel, two panels per UE (2 beams in total).
Proposal 7: For bi-directional Scenario-B deployment RAN4 to consider beam dwelling time for two types of intervals equal to 0.97s and 2.63s.
Observation 2: For bi-directional Scenario-B deployment with two RRH beams switching positions are located at Ds_offset = [-700, -445, -350, -255, 0, 255, 350, 445, 700]. At each of this points UE changes the serving RRH and the serving direction.
Observation 3: The following pros and cons of bi-directional Scenario-B deployment were identified:
· Frequent change of serving RRH and consequent change of the direction to the serving RRH leads to complicating of Doppler model which will need to consider each of these switches.
· In the cell boundary frequent RRH switching will turn into handover ping-pong effect 
· Comparing to the case of uni-directional deployment there is moderate performance improvement on the half of the distance. 
· From the overall system performance point of view the best way to exploit two directions is to double total system throughput by serving two UEs in uni-directional modes in two opposite directions
Proposal 8: RAN4 to consider only uni-directional deployment for Scenario-B. Proposals 5-8 should be discarded
Proposal 9: UE capability signalling for FR2 HST support need to be introduced
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