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< Start of change >

[bookmark: _Toc98503614][bookmark: _Toc99087614]6.3.3	Link Performance and Throughput Performance

Note: Text without changes is omitted.

[bookmark: _Toc98503630][bookmark: _Toc99087630]6.3.3.3.3 Scenario-B, Uni-directional RRH Deployment
To consider the number of beams and coverage, a deployment has been analyzed considering scenario B. The RRH antennas are rotated by 13 degrees towards the track, whilst the UE antenna points parallel to the track. Up to 3 RRH beams and up to 2 UE beams are considered. Uplink SNR is considered for depicting the coverage of the beams, since UL SNR is the most critical scenario. DL SNR will be larger than UL SNR. 
The x axis represents the distance along the track from the point on the track that is closest to the RRH. (That implies, at zero on the x axis the UE on the side is parallel to the RRH, which is 150m away from the side of the track). The y axis represents UL SNR assuming 10dB noise figure at the RRH and 23dBm UE TRP.


[image: ]
Figure 6.3.3.3.3-1: Coverage of RRH beam 1 + UE beam 1

[image: ]
Figure 6.3.3.3.3-2: Coverage of RRH beam 2 + UE beam 1

[image: ]
Figure 6.3.3.3.3-3: Coverage of RRH beam 3 + UE beam 2

Figure 6.3.3.3.3-1 indicates that the first RRH beam can provide coverage from around 300-400m along the track to around 1km along the track. This means that the RRH can provide coverage to a point well beyond the following RRH. Figures 6.3.3.3.3-2 and 6.3.3.3.3-3 indicate that the remaining beams can provide coverage closer to the RRH.
There is little point in providing more beams. Beam 3 provides coverage from around 100-150m from the RRH. Closer to the RRH, beam 1 from the previous RRH is able to provide coverage. Further beams closer to the RRH would be narrow in coverage and do not improve SNR.
Figure 6.3.3.3.3-4 indicates the SNR if a single TX/RX beam (beam 1) is used and coverage close to the RRH is provided from the previous/next RRH. The figure indicates that good UL SNR of above 15dB (DL SNR will be larger than this) can be provided along the length of the track with one TX and one RX beam.

[image: ]
Figure 6.3.3.3.3-4: Coverage provided from next and previous RRH with 1 beam per RRH and UE antenna.

Figure 6.3.3.3.3-5 depicts the coverage obtained with 3 beams per RRH antenna and 2 beams per UE antenna, considering both the current and previous RRH. The figure shows that the lowest SNR level can be improved a few dB compared to the single beam case.

[image: ]
Figure 6.3.3.3.3-5: Coverage provided from next and previous RRH with 3 beams per RRH antenna and 2 beams per UE antenna.

Thus, we observe that it is perfectly feasible to assume just on beam per antenna also for scenario B as long as the RRH antenna is oriented slightly towards the track. There is some scope for further optimization if 3 RRH / 2 UE beams are considered. Also, allowing for more beams offers more robustness for covering track curves.


[bookmark: _Toc98503631][bookmark: _Toc99087631]6.3.3.3.4 Scenario-B, Bi-directional RRH Deployment
For bi-directional deployment, half of the distance along the track would be covered by one RRH and the other half by the following RRH

[image: ]

Figure 6.3.3.3.4-1: Bi-directional deployment scenario

The figure below depicts the achievable coverage using 3 beams at the RRH and 3 beams at the UE, with the RRH and UE antennas pointed parallel to the track. After 350m along the track, coverage would be provided by the next RRH. To avoid a break in coverage close to the RRH, the next nearest RRH should be used to serve the UE when it is close in to a RRH.

[image: ]
Figure 6.3.3.3.4-2: UL SNR with 3 beams per UE and RRH in each direction with DPS switching between beams and RRH
[bookmark: _Toc98503627]6.3.3.4 Throughput Performance from Nokia
The throughput CDFs are obtained from fully dynamic system-level simulations, which were carried out to evaluate RRM requirements and mobility performance under high-speed train scenarios in FR2. Simulations were performed with train speed 350 km/h in both uni-directional Scenario-A and -B. In bi-directional case only throughput results for Scenario-B are covered. 50MHz channel bandwidth is assumed.
The results include “non-SFN and non-DPS” (i.e., without DPS) transmission scheme analysis corresponding to L3-mobility based on the traditional HO procedure. In these simulations, it is assumed that each BBU has only one RRH corresponding to a more challenging mobility scenario due to longer delays. Alternatively, simulation results for Dynamic Point Selection (DPS) deployments assume that all RRHs are connected to the same BBU, i.e., the mobility is based on L1 measurements and is provided by beam management procedures instead of HO.
On the RRH side, the number of Tx beams is chosen according to the deployment, i.e., only 1 Tx beam in Scenario-A, and 1 or 2 Tx beams in Scenario-B.
The simulation assumptions and parameters for the evaluation of mobility performance are shown in Table 6.3.8.1-1 6.3.4.1.1-1 and 6.3.4.1.2-1 without DRX.
Throughput statistics are shown in figures 6.3.3.4-1, 6.3.3.4-2, 6.3.3.4-3, 6.3.3.4-4, 6.3.3.4-5, 6.3.3.4-6, 6.3.3.4-7 and 6.3.3.4-8. The used metric is windowed user (CPE) throughput where each sample represents average throughput over 100 ms window of the CPE. The maximum achievable CPE throughput in this scenario setting with 50 MHz and maximum modulation 64QAM is about 300 Mbps when there is only one CPE served by a cell at a time. Both the performance with enhanced RRM requirements (Req: Enhanced) and legacy RRM requirements (Req: Legacy) are shown in the figures.
The results demostrate that in the investigated uni-directional scenarios maximum throughput is achieved over 90% of the time. The reason for such a high performance is that there is only one CPE in the simulated area at a time creating very favorable interference conditions. Propagation condition is fully LOS, which causes the coverage area of a RRH to be long along the track. Also, mobility performance (see 6.3.4.1) in non-DRX case is sufficient to keep CPE most of the time in the cell and beam with good signal conditions. In the uni-directional scenario where train is traveling to opposite direction than RRH beams are pointing to the throughput performance tends to be lower than in the cases where train is traveling to the same direction as RRH beams are pointing to. The reason for this is in the mobility performance that is clearly better in the same direction case. However, enhanced requirements clearly also improve the throughput performance of the opposite direction case. The throughputs in DPS deployment are higher than without DPS in all uni-directional cases.
In the bi-directional scenarios maximum throughputs are achieved more seldom i.e., 40-60% of the window samples. One reason, why throughput in bi-directional Scenario-B is not optimal might be because UE is not connected to the closest RRH but to the next closest one, e.g., like it is shown in Figure 5.2.2-3. Bi-directional scenarios are also affected by more frequent handovers and beam switches compared to uni-directional scenarios, which can cause small breaks in data transmission affecting throughput for some of the sampled windows. However, also bi-directional scenario throughput performance gets better when enhanced RRM requirements are applied, despite the lower number of Rx beam options in use compared to legacy RRM requirements. The delay in switching to a better cell or beam gets lower with enhanced requirements. The throughputs in DPS deployment are higher than without DPS in all bi-directional cases.
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Description automatically generated]
Figure 6.3.3.4-1: Windowed user throughput in uni-directional Scenario-A without DPS
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Description automatically generated with medium confidence]
Figure 6.3.3.4-2: Windowed user throughput in uni-directional Scenario-A with DPS
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Figure 6.3.3.4-3: Windowed user throughput in uni-directional Scenario-B without DPS (RRHBeams:1)
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Figure 6.3.3.4-4: Windowed user throughput in uni-directional Scenario-B with DPS (RRHBeams:1)
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Figure 6.3.3.4-5: Windowed user throughput in uni-directional Scenario-B without DPS (RRHBeams:2)
[image: Line chart

Description automatically generated with medium confidence]
Figure 6.3.3.4-6: Windowed user throughput in uni-directional Scenario-B with DPS (RRHBeams:2)
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Figure 6.3.3.4-7: Windowed user throughput in bi-directional Scenario-B without DPS
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Figure 6.3.3.4-8: Windowed user throughput in bi-directional Scenario-B with DPS

< End of change >
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