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1 Introduction
This contribution discusses the effects of blockage events on mobility management for NR system operating in mmWave spectrum. 
2 Effects of Blockage Events on Mobility Management
As discussed in [1], mmWave channels may experience sudden and temporary interruptions of beam quality due to blockage-based beam failures. Based on Blockage Model A (UMi) described in the NR channel model TR 38.900, the mean duration of a single blockage event for 30 km/hr blocker velocity is about 600 ms. Here, the velocity is with respect to the blockers. So even a pedestrian UE in a busy urban area with vehicles in the vicinity moving at moderate velocities (e.g. 30 km/hr) could experience such blockage event durations. 
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Figure 1: Distribution of Blockage Duration

As also discussed in [1], if we assume Poisson arrival of blockers, and a mean interval between successive blockers = 2.4 seconds (based on 3GPP V2X assumptions), the probability of being blocked for a single UE-TRP link is P = 0.25. Additionally, if a UE could be served by beams from one of N TRPs, the blockage events can then be modelled as an effective Poisson process with a mean blocking probability given by,
P’ = P(1 – PN-1)    
    
             


Eqn. (1)

Based on Equation 1 and prior assumptions, it can be estimated that when a UE could be served by beams from 3 TRPs, it may experience a need to perform an inter-TRP beam switch about every 2.56 seconds on average. This estimate indicates that unlike traditional cellular networks in sub-6 GHz frequencies, NR UEs operating in mmWave spectrum may experience significantly more mobility events compared to operation in sub-6 GHz spectrum, regardless of UE velocity.

Observation 1: Regardless of UE velocity, NR UEs operating in mmWave spectrum may experience significantly more mobility events compared to operation in sub-6 GHz spectrum, due to frequent blockage events in mmWave channels.
 Additionally, due to the potentially short duration of blockage events, there may be a need to quickly detect beam failure (please see [1] for a proposed definition of beam failure), and trigger fast beam switching procedures in order to mitigate the impact of blockage events on the UE performance. Due to the above needs, mobility procedures without RRC involvement may be useful to mitigate the effects of blockage since it is expected that mobility procedures without RRC involvement may be executed in much shorter time scales than mobility procedures with RRC involvement.
Observation 2: Mobility without RRC involvement may be useful to mitigate the effects of blockage since mobility procedures without RRC involvement are expected to be executed in much shorter time scales compared to mobility procedures with RRC involvement. 
Proposal 1: RAN2 should design mobility procedures without RRC involvement to effectively operate in mmWave channels, which may require frequent inter-TRP beam switching (as frequent as every few seconds).
Furthermore, when evaluating mobility procedures without RRC involvement and affected RAN2 protocols, it may be necessary to consider sequences of blockage-based beam failure events or Radio Link Interruption (RLI) events (as described in [1]), in order to determine the effectiveness of such procedures and protocols to operate in very challenging mmWave environments. Hence, we propose that RAN2 should consider creation of a mmWave-specific evaluation scenario containing a sequence of blockage-based beam failure events.
Proposal 2: RAN2 should consider creation of a mmWave-specific scenario containing a sequence of blockage-based beam failure events for the evaluation of mobility procedures without RRC involvement and affected RAN2 protocols. 
Sub-6 GHz cellular systems, such as LTE, have developed procedures to minimize loss of data at handover events (e.g. by forwarding of PDCP PDUs to target eNB in LTE). However, for NR system operating in mmWave spectrum where the frequency of mobility events without RRC involvement may be significantly higher than the handover rate in LTE, and somewhat independent of UE velocity, effective user plane protocol measures may need to be designed to minimize loss of data during such mobility event without RRC involvement. Especially, when NR networks are deployed using a split RAN architecture with a Central Unit interfacing with multiple Distributed Units as defined in TR 38.801, mobility without RRC involvement may result in inter-DU switching. RAN2 should consider designing optimized user plane procedures to minimize the loss of data due to frequent mobility events without RRC involvement. Additionally, RAN2 should consider designing optimized mobility management procedures to avoid excessive inter-node signalling overhead, for example, due to frequent reporting/switching.
Proposal 3: RAN2 should consider designing optimized user plane and control plane procedures to minimize loss of data, and to avoid excessive inter-node signalling overhead due to frequent mobility events without RRC involvement.
3 Conclusion
This contribution discussed the effects of blockage events on mobility management for NR system operating in mmWave spectrum, and offered the following observations and proposals for consideration:
Observation 1: Regardless of UE velocity, NR UEs operating in mmWave spectrum may experience significantly more mobility events compared to operation in sub-6 GHz spectrum, due to frequent blockage events in mmWave channels.
Observation 2: Mobility without RRC involvement may be useful to mitigate the effects of blockage since mobility procedures without RRC involvement are expected to be executed in much shorter time scales compared to mobility procedures with RRC involvement. 
Proposal 1: RAN2 should design mobility procedures without RRC involvement to effectively operate in mmWave channels, which may require frequent inter-TRP beam switching (as frequent as every few seconds).

Proposal 2: RAN2 should consider creation of a mmWave-specific scenario containing a sequence of blockage-based beam failure events for the evaluation of mobility procedures without RRC involvement and affected RAN2 protocols. 
Proposal 3: RAN2 should consider designing optimized user plane and control plane procedures to minimize loss of data, and to avoid excessive inter-node signalling overhead due to frequent mobility events without RRC involvement.
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