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Introduction
Evaluation parameters for high speed train scenarios were agreed in [1]. In the evaluation assumption, it was agreed to consider both 4GHz and 30GHz as the carrier frequency for “macro + relay nodes”. For the inter-BS distance and BS antenna height, 1732 meters and 35 meters are considered, respectively. When the centre frequency of 4GHz or 30GHz is implemented in evaluation, relay nodes are assumed to be installed on the roof of a train. There are several parameters which were not specified in [1]. In this contribution, we ask for clarification of the parameters and make a proposal regarding inter RRH (Remote Radio Head) distance, number of RRHs in a linear cell and height of the base station.
Number of RRHs per cell and inter RRH distance for 30GHz
In this section, we attempt to clarify the parameters shown in [1] and propose the number of RRHs in a linear cell. The parameters considered in the evaluation should be comprehensive enough to cover diverse use cases in the high speed train scenario.  For an LTE network [2], various high speed scenarios were considered. In practice, RRHs are deployed along the rail track and inter-RRH distance is determined such that cell coverage is maximized. A typical deployment scene of BBU (Base Band Unit) and RRH is illustrated in Figure 1. Several scenarios including SFN (single frequency network) and tunnel scenarios are discussed in Section 6.1 in [2]. In all scenarios considered in [2], the number of RRHs connected to a BU is specified. In the current evaluation assumption [1], the number of RRHs in a cell is not specified.
Thus, we ask the group to clarify the number of RRHs. It is agreed to consider both 4GHz and 30GHz as the carrier frequency in the high speed train scenario [1]. Based on the parameters described in the tables in Section 6.1 in [2], interpreting inter-BS distance (IBD) as inter-BU distance, we recommend the number of RRH to be specified in [1].
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[bookmark: _Ref450313237]Figure 1:  Depiction of deployment of BBU and RRH



[bookmark: _Ref450903895]Figure 2 : RRH placement in a linear cell

In addition, we recommend placement of three RRHs connected to one BBU, equivalent to approximately  for inter-RRH distance for 30GHz. In the following, we provide three reasons to support inter-RRH distance of 580m. 
(1) Configuration of RRHs in a linear cell
The inter-RRH distance of 580 meters is reasonable choice, considering the operation at higher frequency in the current scenario. As shown in Figure 2, two RRHs can be placed at opposite ends of a linear cell. Considering severe attenuation factors such as rain attenuation in 30GHz the third RRH can be placed in the middle of the cell to guarantee the sufficient level of received power at the train in the midsection of the cell. 
(2) Rain attenuation in 30GHz
Attenuation in signal strength due to rainfall will become a great concern at 30GHz. Thus, the parameters for evaluation should be chosen with consideration for attenuation loss due to rainfall. Figure 3 shows the relationship between propagational attenuation with pathloss and propagation distance with rainfall of 40mm/hr, where we assume 1013.25hPa atmosphere pressure, 25 degrees C air temperature, relative humidity of 90%, 0.5g/m3 liquid moisture density [3,4,5,6].
Let us assume that there are 3 RRHs and 1 RRH in a cell for 30GHz and 4GHz, respectively. In Figure 4, assuming there are 3 RRHs in a cell, power adjustment by 4.7dB (=) for the 30GHz curve in Figure 3 is included such that total power transmission from RRHs per cell is equal for 4GHz and 30GHz. From Figure 4, it is clear that -90dB attenuation level can be reached at 4GHz at 1700 meter, roughly equivalent to the IBD considered in [1]. From Figure 4, it is clear that 600 m is the limit for the propagation distance to reach -90dB attenuation level at 30GHz. Thus, 3 RRHs with inter-RRH distance of 580 m is a reasonable choice to maintain the same attenuation level in rain as the 4GHz use case.
(3) Use case on a curved rail
Actual propagation distance may be limited on a curved rail since direct sight between train and RRH may not be available. The experiment results in [7] have shown that approximately 550 m was needed for error free communication at 40GHz. 
Considering configurations of RRHs in a linear cell, rain attenuation and usage on a curved scenario, at least three RRHs in a linear cell are needed, with the separation distance of approximately 580m. For simplification, the proposed inter-RRH distance can be extended to the 4GHz scenario.

[bookmark: _Ref450925646]Figure 3  : Propagational attenuation with path loss vs. propagation distance for frequencies at 4GHz and 30GHz with 40mm/hr rainfall [3,4,5,6]


[bookmark: _Ref450925440]Figure 4 : Propagational attenuation with path loss and power adjustment with 3 RRHs in a cell vs. propagation distance for frequencies at 4GHz and 30GHz with 40mm/hr rainfall [3,4,5,6]

Antenna height of RRH and tunnel scenario

[image: ]
Figure 5: RRH deployment in the tunnel scenario

[bookmark: _GoBack]In [1], base station height is assumed to be 35 meters. In practice, at both 4 GHz and 30GHz, beam tracking at train will be needed. In general, beam tracking with elevation is more difficult than tracking with no elevation due to wider range of coverage. Illustrative examples are shown in Figure 6 and Figure 7 to show differences in coverage of angles. As illustrated in Figure 6, when RRH is placed high above the ground, a wide range of angles must be covered during beam tracking and the range depends on the location of the train. For example, when the train is directly under the RRH, a wide range of angles must be covered. On the other hand, when the train is located close the edge of the RRH coverage, a narrow coverage for angles is sufficient. When RRH is set at lower height, the angle range the beam tracker has to cover is narrow, as illustrated in Figure 7.

[image: ]
[bookmark: _Ref450908228][bookmark: _Ref450908214]Figure 6: Beam tracking for high placement of RRH
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[bookmark: _Ref450908229][bookmark: _Ref450908215]Figure 7: Beam tracking for low placement of RRH

In addition, studies have found that higher antenna height at RRH in mobility applications leads to considerable loss in received power [8]. Thus, referring to one of the parameters used in [2], we propose to adapt 2.5 meters for the antenna height. The recommended value is close to a typical height of a train, resulting in minimization of power loss at the relay stations and narrowing coverage for beam tracking at the train. We note that similar values were considered when obtaining propagation characteristics in millimetre wave band for a mobility scenario [7]. As explained in the subsequent paragraph, antenna height depends on the deployment scenario and unifying the antenna height at 2.5m is also motivated by the tunnel scenario as well.
In [9], several companies have shown interests in including the tunnel scenario in the evaluation and the working group will decide whether the tunnel scenario should be included in evaluation. Considering deployments of New Radio technologies in mountainous regions, evaluation in tunnel scenarios is needed. In the high speed train scenario for LTE [2], several tunnel scenarios were discussed. In [7], the tunnel scenario is identified as a one of the deployment scenarios. Thus, we propose to include a tunnel environment in the evaluation. Following the parameter used in Scenario 2d in [2], and considering typical height of tunnels is 5 to 10 meters [7], we recommend 2.5 meters for the base station height.

[image: ]
[bookmark: _Ref450476263]Figure 8: Depiction of tunnel and open-air scenario

Conclusion
With the aforementioned proposal of new parameters, the following evaluation scenarios can be considered:
Option I. Consider a mixture of open-air and tunnel scenario such as the scenario depicted in Figure 8 as a “generic” scenario with unified parameters for base station height and inter-RRH distance, 2.5m and 580m, respectively
Option II. Consider tunnel and open-air scenarios separately: separate parameters for two scenarios
To minimize the number of evaluation scenarios, we recommend Option I. However, if the group agrees, Option II, in which tunnel and open-air scenarios are considered separately, can be adopted.
In this contribution, we have four proposals:
Proposal 1: Adopt three RRHs as the number of RRHs connected to 1 BBU, separated by 580 meters for the 30GHz scenario (Alt. 2 in [1])
Proposal 2; Adopt three RRHs as the number of RRHs connected to 1 BBU, separated by 580 meters for the 4GHz scenario (Alt. 1 in [1])
Proposal 3: Adopt 2.5 meters as the antenna height for RRH
Proposal 4: Include a tunnel scenario in evaluation and consider Option I in Section 4
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