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Introduction
The NR Mobility Enhancement Work Item [1] was approved in the 3GPP RAN #80 meeting.  An objective of [1] is “to study solution(s) to improve HO/SCG change reliability and robustness especially considering challenges in high/med frequency”. Conditional handover (CHO) has been proposed by some companies as a solution to improve reliability and robustness in FR2. In this contribution, we evaluate the performance of CHO when deployed in NR networks operating in FR2.
Discussion 
Background
The Rel.15 NR work item [2] adopts basic mobility procedures defined for LTE. In the existing NR mobility mechanism, the network controls UE mobility based on UE measurement reports. The serving gNB receives the measurement reports from the UE, and selects a target cell for handover (HO). The serving gNB triggers the handover by sending a HO request to the target cell, and after receiving a HO ACK from the target gNB, the serving gNB initiates the HO by sending a HO command to the UE. The UE performs PRACH to the target cell after RRC is reconfigured with the target cell configuration. 

Although the details of CHO in NR are yet to be discussed, it appears from past proposals that in CHO, the serving cell will prepare some of the neighboring cells for HO based on measurement results provided by the UE. Further, the network informs the UE about conditions which can be used by the UE to initiate HO without explicit signaling from the serving cell. 

NR is expected to work in the frequency range higher than 24 GHz known as FR2 [3]. UE beams are directional in FR2 and therefore when a UE moves or rotates it may experience rapid signal degradation. Such rapid degradation will result in increased signaling, a high frequency of HO and associated failure rates, and finally, more ping-pong between cells. Therefore, HO is considerably more challenging in NR at FR2 than in LTE. 

In this paper, we present simulation results evaluating the performance of CHO when used in FR2. Specifically, we study the impact of slow rotation of the UE on HO frequency when operating in FR2.
Simulation Model
[bookmark: _GoBack]In order to study the mobility performance of NR UEs operating at FR2, it is critical to incorporate the impact of antenna radiation patterns in simulations to more accurately model the impact of UE movements on the received/transmitted signal power. In addition to antenna radiation patterns, the number of antenna panels and their locations (front and/or back) also impact mobility performance.
In RAN2#105, we proposed a simulation model to be used when studying NR mobility in FR2 [5] based on studies in RAN1 and RAN4. In this paper, we use the same simulation model from [5] for the dense urban network in Table 5.2.1.2-1 of TR 38.803 [4] (see Figure 1). In this layout, a micro gNB is randomly dropped on an edge of the cluster circle. All UEs associate and communicate with a micro gNB. A hexagonal grid with ISD of 200 m, 19 macro sites, 3 sectors per site model and wrap around is assumed. 
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Figure 1: Network layout for dense urban from TR 38.803

A summary of relevant parameters from TR 38.803 [4] is given in Table 1:

Table 1: Summary of Simulation Model for FR2
	Scenario (in TR38.803)
	Indoor hotspots
	Dense Urban
	Urban Macro

	Network Layout Model
	Table 5.2.1.3-1
	Table 5.2.1.2-1
	Table 5.2.1.1-1

	Propagation Model
	Section 5.2.2

	BS Antenna Model
	Table 5.2.3.2.3-1
	Table 5.2.3.2.2-1
	Table 5.2.3.2.1-1

	UE antenna element pattern
	Table 5.2.3.3-1

	UE Elevation distribution
	Fixed at 90

	Indoor ratio
	100%
	0%(baseline), 20%, 100%

	Blockage Modeling
	No body blockage and hand grip modelling

	Channel bandwidth
	200MHz
	200MHz
	200MHz

	Traffic model
	Full buffer
	Full buffer
	Full buffer

	BS max TX power in dBm
	23dBm
	43dBm
	33dBm

	UE max TX power in dBm
	23dBm
	23dBm
	23dBm

	UE min TX power in dBm
	-40dBm
	-40dBm
	-40dBm

	BS Noise figure in dB
	9dB

	UE Noise figure in dB
	9dB

	Minimum SINR (for outage)
	-8dB



We assume that the network monitors neighbor cell quality through A4 measurement triggers. The serving cell will prepare neighbors based on A4 triggers with an underlying reporting frequency of 1 report per 100 ms. In our simulation we set the A4 threshold to  -80 dBm with each UE reporting up to a maximum of 10 cells per report. Furthermore, we assume the network configures UEs to perform CHO through A3 triggers with an offset of 3 dB. We assume that the serving cell prepares all the reported neighbors and the target cells stay prepared throughout 5 seconds of simulation time.


The goal of our simulations is to study the performance of CHO on UEs with slow rotation movement by measuring the number of HO attempts and handover failure due to RLF. We assume UEs are at fixed locations but rotating with a frequency of 0.2 Hz. We therefore measure downlink RSRP from all surrounding cells over a 5 seconds duration. Furthermore, we assume 100 ms is required to sweep across all Rx beams to find the best RSRP maximizing Rx beam from each of the neighboring cells. Each UE sends a measurement report every 100 ms. Therefore, consecutive HOs are at least 100 ms apart from each other. We assume that a UE can initiate HO to a prepared and suitable cell that fulfils CHO conditions upon detecting RLF to the last target cell. 
Simulation Results
We measured the number of A4 measurement reports sent by each UE within 5 seconds. Figure 2 shows the CDF of the number of A4 reports. We see that 50% of users send at least 7 A4 reports within 5 seconds while a significant fraction of UEs also send tens of reports. 
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Figure 2: CDF of number of A4 reports

Observation 1: UEs may send a large number of measurement reports due to fast changes in RSRP in FR2 stemming from signal directionality.

Figure 3 compares the CDF of the total number of attempted handovers to the best neighbors prepared through the CHO method as well as the number of handovers for which the best neighbor is not prepared through CHO. We observe that the number of attempted handovers is high in FR2 due to fast changes in RSRP. Furthermore, we observe that in most cases the UE can reliably find a suitable neighbor prepared through CHO.
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Figure 3: CDF of number of HO attempts


Observation 2: Number of attempted HO is large in FR2 due to rapid rate of change in RSRP on account of signal directionality.

Observation 3: A UE can reliably find a suitable neighbor already prepared through CHO which reduces signaling overhead and expedites HO.

We also studied the number of handover failures (HoF) due to RLF when CHO is implemented. As mentioned above, we assumed that a UE can attempt to connect to a different cell from the list of prepared cells fulfilling CHO conditions if the HO to the first target cell fails. In order to measure HoF, we counted the number of RLF happening from time HO command from serving cell is received by UE to time that UE accesses to the target cell. Table 2 shows the simulation results and shows that HoF rate due to RLF using Rel. 15 NR mobility solutions is high in FR2. Furthermore, we observed that CHO decreases HoF in FR2 but that HoF is still significantly high. Even with CHO there is a chance that a UE experiences rapid RSRP degradation during HO to the otherwise suitable cell, resulting in RLF.
Table 2: HoF rate due to RLF
	HoF (NR Rel. 15)
	8%

	HoF (CHO)
	1%



Observation 4: The HoF rate due to RLF using NR release 15 mobility solutions is high in FR2.

Observation 5: CHO decreases HoF rate in FR2 but that HoF rate is still significantly high. 

Given our observations we propose the following for Rel. 16 with the objective of improving the reliability and robustness of mobility.

Proposal 1: RAN2 adopts conditional handover (CHO) as the baseline solution for NR mobility reliability and robustness in Rel. 16. 
Proposal 2: To improve the performance of CHO, particularly in FR2, RAN2 should take into account but not limit its study to the following issues:
· Large number of measurement reports needed to prepare sufficient number of neighboring cells within a suitable period of time
· High handover failure rate due to RLF
· Large amount of RRC signaling due to a large number of HO attempts
Proposals (for approval)
In this paper, we presented simulation results showing the performance of conditional handover for NR UEs using directional antenna and operating in FR2. We particularly studied the impact of slow rotations of UE on the number of HO attempts, handover failure rate, and number of measurement reports. We showed some advantages and also issues of deploying CHO in NR at FR2.

Based on the simulation results, the following observations and proposal are made:

Observation 1: UEs may send a large number of measurement reports due to fast changes in RSRP in FR2 stemming from signal directionality.

Observation 2: Number of attempted HO is large in FR2 due to rapid rate of change in RSRP on account of signal directionality.

Observation 3: A UE can reliably find a suitable neighbor already prepared through CHO which reduces signaling overhead and expedites HO.

Observation 4: The HoF rate due to RLF using NR release 15 mobility solutions is high in FR2.

Observation 5: CHO decreases HoF rate in FR2 but that HoF rate is still significantly high. 

Proposal 1: RAN2 adopts conditional handover (CHO) as the baseline solution for NR mobility reliability and robustness in Rel. 16. 

Proposal 2: To improve the performance of CHO, particularly in FR2, RAN2 should take into account but not limit its study to the following issues:
· Large number of measurement reports needed to prepare sufficient number of neighboring cells within a suitable period of time
· High handover failure rate due to RLF
· Large amount of RRC signaling due to a large number of HO attempts
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