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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The IMT Vision-Framework document [1] and [2] outlines the following mobility related requirements for NR
·    Support mobility up to 500 kmph
·    Mobility interruption time should be 0ms
·    User experience data rate of 100 Mbit/s          
[bookmark: _GoBack]In this contribution, we explore the advancement of beam management strategies for handling high mobility (with emphasis on HST) scenarios in FR2 to discuss strategies for designing appropriate beam forming models and channel models. We also discuss the architecture of existing HST scenarios, given the limitations of beam-tracking in FR2 frequencies and propose necessary changes.  

2. Discussion on beam management strategies in high mobility scenarios 
The major constraint in the implementation of High Speed Train scenarios for mmWave bands is the high doppler spreads at these frequencies. However, it has been shown that beamforming at mmWave frequencies is advantageous in greatly reducing Doppler spread due to the use of highly directional beams [4] [4]. It is also pointed out in [4] that tracking algorithms like extended Kalman filters can be used to effectively track moving mobile nodes in connected state to enable beam-tracking. 
It is also learned that the concept of channel coherence time which is used in isotropic transmission is too restrictive in beamforming scenarios, where the use of beam coherence time which is much higher than channel coherence time, offers more flexibility in beam management [5][5] given the extra overhead involved in beam-tracking and beam realignment in mobility scenarios. The trade-off between directivity and beamwidth and the need to minimize rate of change of beamwidth in a high mobility scenario become important considerations here.
In the discussions thus far in RAN4 on mobility at mmWave frequencies, velocities higher than 120 Kmph have not been considered. However, we note that high speed beam tracking has been demonstrated at career frequency of 28 GHz at velocity of 170 km/h while providing DL throughout of 3.6 Gbps [6][6]. We observe that by reducing the downlink throughput requirement to match the lower IMT user experience rate requirement, much higher UT velocities can be supported at the same frequency. 
We note from [4][4], the utilization of Non-Standalone Access (NSA) which uses a LTE overlay over NR minimizes the overhead due to Initial Acquisition, link failure reporting and recovery. NSA, therefore, supports increased reliability of beam-management in high mobility scenarios which is prone to link failures and tracking errors. 
We also note that in the HST scenario where the motion of the Mobile Relay mounted on top of the train relative to the gNB is deterministic due to which instantaneous beam-tracking will not be required and pre-calculated beams can be used after initial connection with the gNB is established [7][7].
With the above considerations, this contribution argues for further study of HST scenarios with Beamforming in FR2, takes a relook at the proposed high speed train scenario for FR2 in [2][2] and proposes changes to the scenario and recommends channel models tailored to the modified scenario in the next section. 

3. Channel Model for High mobility scenarios

Proposal 1:
· It is recommended to consider longer Track-BBU distance than the one suggested in Figure 6.1.5-2 in [2][2] :
· The location fairness and path-loss vs location analysis in [7][7] indicates that very small ratio of BBU-Track distance and Inter RRH distance will lead to large path loss changes within a small time duration, thus increasing decreasing the beam-alignment accuracy
· The use of NSA scheme with LTE overlay and longer reception range made possible with beamforming, can facilitate Track-BBU distance comparable to HST-SFN scenario in [9]. 
· Fast changing Doppler shifts due to very small ratio of BBU-Track distance and Inter RRH distance will lead to frequency offset correction errors in the UE
· The path loss vs train location analysis should be carried out for different HST scenarios and mmWave carrier frequencies to find optimalon BBU and RRH placements from the Rail Track
· Details for the modified HST scenarios is FFS

Proposal 2:
· We propose the use of dynamic CDL models for HST scenarios:
· Given the discussions on the concept of beam coherence time and the unchanging nature of the HST scenario in the previous section, dynamic beamforming models and hence dynamic CDL models can be adopted rather than static unidirectional SFN scenarios for beamforming situation described in [10]
· In the dynamic CDL model, the Angles of Arrival(AOA), Angles of Departure(AOD) and angle spreads will vary over time according to the beam forming model in HST scenarios and cover the entire inter-BBU length for each specific scenario
· The Beamforming models on which the dynamic CDL models are based on pre-computed beam metrics tailored to HST scenarios as recommended in [7][7]
· The initial conditions of the CDL models, including angles and LOS path delay profiles can be derived from Rural Macro(RMA) scenarios in [8][8]
· Details of the model is FFS

4. Conclusion
In this contribution, we have the following proposals for FR2 beamforming for HST scenarios

Proposal 1:
· Consider longer Track-BBU distance than the one suggested in Figure 6.1.5-2 in [2][2]
Proposal 2: 
·  Use dynamic CDL models for HST scenarios.
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