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Introduction
[bookmark: _GoBack]The study item (SI) “Next Generation New Radio Access Technology” was approved at the RAN #71 [1]. The SI aims to develop new radio (NR) technologies satisfying the requirements of the 5G wireless networks for the usage scenarios of eMBB, mMTC, and URLLC. Among them, the eMBB is considered for various deployment scenarios: indoor hotspot, dense urban, rural, urban macro, and high speed scenarios [2].
In the RAN1#84bis meeting, some basic evaluation assumptions for high speed scenario are agreed in [3]. In this contribution, we provide our views on more detailed additional evaluation assumptions that can help consolidate and organize future work on the NR.
Discussion
Cell layout
In [3], straightline eNB placement is assumed both for Option 1 (Macro only) and Option 2 (Macro + relay nodes). RRHs are deployed along the railway in order to guarantee continuous coverage. Each RRH is equipped with an antenna array which can create a narrow beam along the track. In this situation, the NR performance is significantly affected by some deployment parameters such as the distance between RRH and track, beam width, and the distance between neighboring RRHs, as seen in Figure 1. Therefore, these deployment parameters should be considered in the NR evaluation.


[bookmark: _Ref450724133]Figure 1. Straightline eNB deployment
Proposal 1: The deployment parameters such as the distance between RRH and track, beam width, and the distance between neighboring RRHs should be considered for the NR evaluation in high speed scenario.
Uni-directional beamforming  vs. Bi-directional beamforming
Considering the above straightline eNB placement, directional beams can be generated by each RRH either in one direction or in two opposite directions. Figure 2 shows the uni-directional beamforming where all the directional beams are oriented in the same direction. In this case, the Doppler shift maintains constant without sign alterations [4]. Figure 3 shows the bi-directional beamforming where two directional beams of RRH are oriented in opposite directions. The use of bi-directional beams can potentially reduce the number of required RRHs while providing the same coverage at the expense of Doppler shift sign alteration. Therefore, the effect of uni-directional and bi-directional beamforming should be considered.


[bookmark: _Ref450724727]Figure 2. Uni-directional beamforming


[bookmark: _Ref450724930]Figure 3. Bi-directional beamforming
Proposal 2: The uni-directional and bi-directional beamforming should be considered for the NR evaluation in high speed scenario.
Carrier frequency
The carrier frequency bands for high speed scenario are assumed to be around 4 GHz and 30 GHz [2], [3]. The propagation characteristics are quite different between these two frequency bands. For example, due to the reduced wavelength, mmWave signals (i.e., 30 GHz) experience much higher reflection and diffraction losses. However, for mmWave bands, more antennas can be packed into the same antenna aperture areas compared with the low frequency bands, increasing directivity gain and reducing Doppler spread. Although Doppler shift can be higher for the mmWave bands, it can be effectively compensated with frequency offset compensation techniques [5]. Hence, the characteristics among different frequency bands should be considered.
Proposal 3: The characteristics of different frequency bands should be considered for the high speed NR evaluation.
Channel model
In [3], various candidate channel models are proposed including 3D Uma, ITU Rural, ITU high speed train model, RAN4 high speed train model, and 5GCM. Considering realistic railway deployment environments, the high speed channel model for the NR evaluation should consider various railway environments including urban, rural, and tunnel.
Proposal 4: The high speed channel model for the NR evaluation should consider various railway environments including urban, rural, and tunnel.
Transmit power
In [3], the transmit power at a relay node is not defined. Since the power of a train is constantly supplied by the power system instead of a battery, the relay node at a train can transmit with much higher power than the UEs, comparable with that of the eNB. The maximum transmit power of the relay can be determined considering the radio regulation such as EIRP constraint and the allowable inter-eNB interference.
Proposal 5: The maximum transmit power of the relay can be determined considering the radio regulation and interference constraint.
Number of antenna elements
The number of antenna elements are assumed to be up to 256 for the eNB and 32 for the UE [2]. However, the number of antenna elements for the relay node is not determined yet. Since the antenna at a relay node is mounted on the train carriage, more antennas can be deployed compared to the UE considering the amount of available space on the train carriage. 
Figure 1 and Figure 2 shows the 2D antenna array geometry for different numbers of antenna elements of 64 and 256, respectively. Assuming a carrier frequency of 30 GHz with half-wavelength inter-element spacing, the array only spans 35 x 35 mm for the 64 antenna elements case and 75 x 75 mm for the 256 antenna elements case, which can be sufficiently deployed on the train carriage. Hence, the use of 64 and 256 antenna elements should be considered at relay for NR evaluation in the high speed scenario. For the cross-pol configuration, the use of 128 antenna elements can be a candidate option, e.g., 64 elements for vertical (or +45 slant) polarization and 64 elements for horizontal (or -45 slant) polarization.
[image: ]
[bookmark: _Ref450649948]Figure 4. 2D antenna array geometry for 64 antenna elements at 30 GHz
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[bookmark: _Ref450649952]Figure 5. 2D antenna array geometry for 256 antenna elements at 30 GHz
Proposal 6: The use of higher number of antenna elements such as 64 and 256 should be considered at relay for NR evaluation in the high speed scenario. 
UE distribution
In [3], the number of UEs per macro cell is assumed to be 100, but can be redefined according to the discussion result carried out in the RAN email discussion “[RAN#71-03] Open issues on scenarios & KPIs (DOCOMO)”. It seems to be more practical to assume more UEs (e.g., 300 UEs). It is expected that train passengers tend to consume more data traffic when more reliable and high speed internet is provided through the high speed NR technology. According to the NGMN 5G white paper, 500 UEs are considered assuming 50% activity factor [6]. 
Proposal 7: More practical values for the UE distribution should be considered.
Summary
In this contribution, we have provided our views on evaluation assumptions that can be applied to high speed scenario for the NR specification. Proposals are:

Proposal 1: The deployment parameters such as the distance between RRH and track, beam width, and the distance between neighboring RRHs should be considered for the NR evaluation in high speed scenario.
Proposal 2: The uni-directional and bi-directional beamforming should be considered for the NR evaluation in high speed scenario.
Proposal 3: The characteristics of different frequency bands should be considered for the high speed NR evaluation.
Proposal 4: The high speed channel model for the NR evaluation should consider various railway environments including urban, rural, and tunnel.
Proposal 5: The maximum transmit power of the relay can be determined considering the radio regulation and interference constraint.
Proposal 6: The use of higher number of antenna elements such as 64 and 256 should be considered at relay for NR evaluation in the high speed scenario.
Proposal 7: More practical values for the UE distribution should be considered.
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