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1
Introduction
This contribution discusses the implications of using New Radio (NR) operating at high carrier frequency e.g. above 15 GHz, on the mobility procedure of active UEs. More specifically, we analyse the problems that would arise if the conventional LTE handover procedure is re-used for these NRs.
2
Discussion
In traditional cellular bands that are below 6 GHz, the availability of spectrum is limited. As cellular data traffic demand continues to grow new frequency bands are considered for NR. Unlike traditional cellular bands, large blocks of contiguous spectrum may be allocated at higher frequency bands allowing for larger transmission bandwidths. The availability of such large bandwidth can help to meet the target of achieving peak data rate of 20 Gbps for downlink and 10 Gbps for uplink [1]. 
The propagation conditions at high carrier frequencies are more challenging than low frequencies that are used so far in cellular networks. The distant dependent path loss and penetration loss are much higher for high carrier frequencies. Moreover, diffraction is much lower compared to lower frequencies leading to high signal attenuation if the path between the transmitter and receiver is obstructed. Reflective power exists offering new opportunities for completing the link, but the reflection loss can be up to 20 dB depending on the angle of incidence [2].
Observation 1: Diffraction in high frequency bands is much lower than in low frequency bands.
Fortunately, the high frequency bands allow the usage of multi-element antenna array providing narrow beam with large antenna gain that can alleviate to some extent the high path loss. Nevertheless, the severe shadowing loss in high frequency bands implies that radio link between the transmitter and receiver will be disrupted if the LOS path is obstructed. For a pedestrian walking along the sidewalk in a city, the LOS path may be obstructed by fixed obstacles such as trees, or moving obstacle such as large trucks, or other pedestrians. In a campus courtyard or a tourist hotspot LOS obstruction may be caused by crowds. Other types of LOS obstruction may be caused by user motions such as hand or body rotations. This high susceptibility of the radio link to obstruction along with severe and rapid degradation of the power are new aspects that would challenge the conventional LTE handover procedure, if re-used in NRs operating at high carrier frequencies. 
Observation 2: In high frequency bands, the radio link is disrupted if obstructed by fixed and moving obstacles, pedestrians and UE rotation. 
2.1
Rapid power degradation 
The transition from LOS to NLOS path due to obstruction can cause high and rapid degradation of the radio link. The slope of the link degradation will depend on many factors such as carrier frequency, diffraction angle, speed of the receiver, and distance between the transmitter and receiver. The steeper the link degradation, the less amount of time the UE has to send the neighbour cell measurement report and receive the handover command from the source NB [3]. Accordingly, the amount of time needed for the UE to send the measurement report and the network to complete the handover preparation should be small enough that the UE can still receive the handover command before it loses the link from the source NB. The total amount of time ttotal the UE has to wait for receiving the handover command is shown in Fig. 1. 
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Figure 1: The total amount of time ttotal the UE has to wait for receiving the handover command.
The total amount of time ttotal comprises the delays to send the measurement report from the UE to source NB, i.e., including L1/L3 filtering, hysteresis, Time-to-Trigger, complete the handover preparation between the source and target NBs and send the handover command to the UE. According to [4], the laboratory measurements have shown that the target NB needs 27 msec for processing the Handover Request message [3] and the source NB needs 5 msec for processing the Handover Request Ack and to build the handover command. Moreover, the total signalling delay over X2 interface between source and target NBs is estimated in [4] to be 10 msec, i.e., 5 msec from source to target NB and vice-versa. Any steep and rapid link degradation occurring within a time duration less than ttotal would lead to a Radio Link Failure (RLF) as the UE would fail to receive the handover command in the appropriate time. In [5] it is mentioned that the link can drop by 20 dB within 5-10 msec and such occasional drops will be unavoidable for carrier frequencies between 10 and 30 GHz. The 5-10 msec time duration for link degradation stated in [5] requires further investigation as it can vary depending on many factors as mentioned before.
Observation 3: The rapid degradation of the radio link when transitioning from LOS to NLOS restricts the amount of the time the UE has for sending the neighbour cell measurement report and subsequently receiving the RRC handover command from the source NB before it loses the link.
If the UE loses the radio link to the source NB, the user will experience a data interruption time until the UE re-connects to a new target cell. The data interruption time includes the time to detect first an RLF, i.e., wait for N310 out-of-sync indications and the expiration of T310 timer [7], and then to re-establish the radio link if the Access Stratum (AS) security has been already activated. Even if the UE has successfully received the handover command, the user will still experience a data interruption time as the UE needs to processes the handover command which is estimated in [4] to be 20 msec. performs uplink access to the target cell and sends RRC Connection Reconfiguration Complete message [3]. In [4]
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[6], the data interruption time is estimated to be around 55 msec for contention-free RACH handover and 40 msec for RACH-less handover. In both cases of successful handover and connection re-establishment, the data interruption time exceeds the mobility interruption time target of 0 msec set in [1] for NR and defined as the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any NB during transitions
Observation 4: The data interruption time in successful handover or connection re-establishment exceeds the mobility interruption time target of 0 msec set for NR.
Proposal 1: To achieve data interruption time smaller than in single connectivity some form of multi-connectivity scheme must be considered for mobility in high frequency bands
2.2


Frequent handovers
Due to the high dependency of the radio link on LOS path, the number of handovers in NRs operating at high carrier frequency is expected to be much higher than traditional cellular networks. 
Observation 5: In high frequency bands, the number of handovers is expected to be much higher than in low frequency bands.
The average handoff intervals have been estimated in [8] for different handoff trigger type and user actions and they are shown in Table 1.
Table 1: Estimated average handoff intervals for different handoff trigger types [8].

	Handoff trigger type
	User action
	Handoff interval

	Fixed obstacle in a street (e.g. trees every 15 m)
	Pedestrian moving

along sidewalk
	11.6 s

	
	User in a vehicle

moving at 25 km/h
	1.3 s

	Moving obstacle in a street (e.g. trucks at 30 km/h and 1 truck in every 100 m)
	User in sidewalk
	6 s

	Rotation
	User following a live

action (e.g. tennis rally)
	1.3 s

	
	Incidental motion
	0.75 s

	Pedestrian

obstacle:
	Single

encounter
	User sitting or standing

on a sidewalk
	3 s

	
	Dense crowd
	User sitting or standing

in a college courtyard

lawn
	1-1.5 s


According to Table 1, the average handoff interval can vary between 0.75 s for incidental rotation of the UE to 11.6 s for a pedestrian moving along sidewalk and obstructed by trees separated by 15 m. 
Observation 6: The average handoff interval in high frequency bands can vary between 0.75 s to 11.6 s depending on the handoff trigger type comprising fixed and moving obstacles and UE rotation.
The small handoff intervals would lead to a higher number of handover and in turn to an increase in number of signalling message (load) on X2 interface between source and target NBs, S1-C interface between NB and MME and S11 between MME and S-GW  during handover preparation and completion (downlink path switch), 
Observation 7: Small handoff intervals in high frequency bands can increase the number of signalling messages (load) on X2, S1-C and S11 interfaces during handover preparation and completion.
3
Conclusion
This contribution sheds the light on the new aspects that shall be considered when designing the mobility procedures for active UEs in NRs operating at high carrier frequencies. The conventional LTE handover procedure, whose design is tailored for low frequency band below 6 GHz, would be unable to cope adequately with the new propagation conditions of high frequency bands and the new requirements set for NR. The following has been observed:
Observation 1: Diffraction in high frequency bands is much lower than in low frequency bands.

Observation 2: In high frequency bands, the radio link is disrupted if obstructed by fixed and moving obstacles, pedestrians and UE rotation.

Observation 3: The rapid degradation of the radio link when transitioning from LOS to NLOS restricts the amount of the time the UE has for sending the neighbour cell measurement report and subsequently receiving the RRC handover command from the source NB before it loses the link.

Observation 4: The data interruption time in successful handover or connection re-establishment exceeds the mobility interruption time target of 0 msec set for NR.

Observation 5: In high frequency bands, the number of handovers is expected to be much higher than in low frequency bands.

Observation 6: The average handoff interval in high frequency bands can vary between 0.75 s to 11.6 s depending on the handoff trigger type comprising fixed and moving obstacles and UE rotation.

Observation 7: Small handoff intervals in high frequency bands can increase the number of signalling messages (load) on X2, S1-C and S11 interfaces during handover preparation and completion.
Based on aforementioned observations, the following is proposed:
Proposal 1: To achieve data interruption time smaller than in single connectivity some form of multi-connectivity scheme must be considered for mobility in high frequency bands.
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