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1 Introduction

In the last RAN2 meetings, the following agreements are made in the Intra-NR and mobility aspects:

Agreements

Two levels of network controlled mobility:

1: RRC driven at 'cell' level.
2: Zero/Minimum RRC  involvement (e.g. at MAC /PHY) 

FFS what is the definition of a cell
Agreements for DL-based mobility in RRC_CONNECTED mode (optimized for data transmission, at least for network-controlled mobility) mobility with RRC involvement, concerning beams and the relation to the NR cell definition:
1. UE at least measures one or more individual beams and gNB should have mechanisms to consider those beams to perform HO. Note: This is necessary at least to trigger inter-gNB handovers and to optimize HO ping-pongs / HO failures.
–
FFS: whether UE report individual and/or combined quality of multiple beams

2. UE should be able to distinguish between the beams from its serving cell and beams from non-serving cells for RRM measurements in active mobility. UE should be able to determine if a beam is from its serving cell.

–
FFS whether serving/non serving cell may be termed 'serving/non serving set of beam)

–
FFS: whether the UE is informed via dedicated signalling or implicitly detected by the UE based on some broadcast signals.

-
FFS how the cell in connected relates to the cell in idle

3. 
Study how to derive a cell quality based on measurements from individual beams

4. 
In connected mode, intra-cell mobility can be handled by mobility without RRC involvement. 

-FFS whether there may be cases that do require RRC involvement.

As a consequence of the above agreements, it is natural to start DL-based RRC mobility framework assuming LTE RRC. Although lots of efforts have been done to improve handover performance at low frequency, the mobility performance and identifying the issues of high frequency system has not been discussed yet. In HF (High Frequency (Above 6 GHz)) NR, the most basic question is the support of mobile communication due to fragile channel condition compared with legacy LTE band. In the last RAN1 meeting, there is some progress on evaluation assumptions and channel model for HF NR [6][7]. 
In this contribution, we applied RAN1 evaluation assumptions and channel model, and then shows results of “RRC driven” performance of HF-NR assuming LTE handover procedure (Baseline of NR RRC is LTE RRC). After showing the performance evaluation, we identify issues and show some clues how to improve mobility performance in HF-NR system.
2 Simulation Environments

In the simulation, 19-cell with wrap-around topology is assumed. The frequency of LTE cell is 2 GHz and HF-NR cell is 28 GHz. A typical Urban macro scenario with 19-cell and 3-sector is assumed in LTE, whereas Urban micro scenario and 3-sector is assumed in the HF-NR. Channel parameters related to HF-NR are based on RAN1 evaluation assumptions [6][7][8]. The other parameters related to handover simulation are as same as current LTE evaluation methodology [2][3][4]. The details of simulation parameters are shown in Annex B.
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Figure 1 19-cell and 3-sector with wrap-around deployment scenario for HF-NR
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Figure 2 19-cell and 3-sector with wrap-around deployment scenario for LTE
3 Simulation Results
We consider three performance measures defined in TR36.839 [2] as follows:
1. Handover Failure per UE per hour (HOF/UE/hr)

2. Handover Failure Rate (HFR, %)

3. Ping-Pong Rate [%] 
Table 1 HOF/UE/hr
	Loading
	UE Speed
	HOF/UE/hr

	
	
	HF-NR
	LTE

	1
	3km/h
	3.3
	0.0

	
	30km/h
	25.1
	0.3

	
	60km/h
	62.3
	3.7

	0.5
	3km/h
	3.3
	0.0

	
	30km/h
	24.8
	0.0

	
	60km/h
	61.9
	0.5


Observation 1: Handover failure of UE per unit time of HF-NR happens more frequently compared to LTE under the same loading and UE speed.
Table 2 Handover Failure Rate

	Loading
	UE Speed
	HF-NR
	LTE

	1
	3km/h
	2.1 %
	0.0 %

	
	30km/h
	2.6 %
	0.1 %

	
	60km/h
	4.0 %
	0.7 %

	0.5
	3km/h
	2.1 %
	0.0 %

	
	30km/h
	2.5 %
	0.0 %

	
	60km/h
	4.0 %
	0.1 %


Handover failure rate of HF-NR is 2-4% up to 60km/h of UE speed. In LTE case, handover failure rate is only less than 1%. The handover failure of HF-NR does not depend on loading, whereas lighter loading factor decreases handover failure at LTE. As being known in academia paper, HF-NR system with beamforming is noise-limited, whereas LTE system is interference-limited.

Observation 2: Handover failure rate of HF-NR is around 2-4%, whereas LTE has less than 1%. 
 Observation 3: Handover failure of HF-NR does not depend on loading, whereas lighter loading factor decreases handover failure at LTE.
Table 3 Ping-Pong Rate

	Loading
	UE Speed
	HF-NR
	LTE

	1
	3km/h
	1.1 %
	0.2 %

	
	30km/h
	13.8 %
	9.6 %

	
	60km/h
	 16.3 %
	13.2 %

	0.5
	3km/h
	1.1 %
	0.2 %

	
	30km/h
	13.7 %
	9.9 %

	
	60km/h
	16.3 %
	13.0 %


A handover from cell B to cell A then handover back to cell B is defined as a ping-pong if the time-of-stay connected in cell A is less than a pre-determined minimum time of stay (MTS) [2].
Observation 4: Ping-pong rate of HF-NR is higher than LTE.

4 Discussion

Based on the simulation results, the initial thought for improving mobility performance of HF-NR can be summarized as follows:

Considering mmWave channel characteristics, the first approach could adjust handover parameter (i.e. TTT) for HF-NR system to adapt fast channel variation. 
Table 1 shows the mobility performance of HF-NR system according to various TTT values.
Table 4 HF-NR Handover Failure & Ping-Pong Rate based TTT (UE Speed 60 km/h)
	Loading
	TTT
	Handover Failure Rate
	Ping-Pong Rate 

	
	
	
	

	1
	40 ms 
	2.5 %
	19.4 %

	
	80 ms
	3.0 %
	18.9 %

	
	160 ms
	4.0 %
	16.3 %

	0.5
	40 ms 
	2.6 %
	19.7 %

	
	80 ms
	2.9 %
	19.0 %

	
	160 ms
	4.0 %
	16.3 %


As you can see the result, the smaller TTT value contributes to reduce HO failure rate, whereas, ping-pong rate is also increased simultaneously. Therefore, the usage of small TTT seems to be a trade-off solution scarifying ping-pong performance.
Observation 5: Smaller TTT values contributes to reduce handover failure rate of HF-NR, however, ping-pong rate is also increased.
Additionally, we analyses the reason of handover failure of HF-NR system. As shown in table 5, the main reason of handover failure is due to the failure of measurement report. This observation is not much changed even if small TTT value is used.
Table 5 Analysis of HF-NR Handover Failure (UE Speed 60 km/h)

	Loading
	Reason of Failure
	TTT = 40ms
	TTT = 160ms

	1
	MR Failure 
	84.2 %
	90.0 %

	
	Handover Command Failure
	2.6 %
	2.0 %

	
	Handover Complete Failure
	13.2 %
	8.0 %

	0.5
	MR Failure 
	83.1 %
	90.0 %

	
	Handover Command Failure
	2.9 %
	1.9 %

	
	Handover Complete Failure
	14.1 %
	8.1 %


Observation 6: Handover failure of HF-NR system is mainly for measurement report failure.
[Proposal 1] RAN2 is requested to capture the above performance evaluation results in RAN2 TR (38.804) as of Annex C.
Based on the observations, higher handover failure rate is expected in HF-NR system. The main reason of handover failure comes from failure of measurement report transmitted from UE to serving eNB, which means that the signal quality drop is fast and large in short-time duration. 
To solve the above problem, there will be several potential directions of mobility study in HF-NR system.
1. Enhance LTE handover

Current LTE handover mechanism still can be a baseline of improvement. The mechanism and parameters of LTE handover can be optimized for HF-NR signal quality situation. While this is the simplest way to solve, it is doubt that this improvement can fundamentally fix the HF-NR handover problem.
2. Maintain multiple eNBs connections

If UE maintains connections with multiple eNBs, UE still can send the measurement report to network through one of those eNBs when the link to the serving eNB drops suddenly. This direction could be similar with Dual Connectivity in intra-frequency band. However, to maintain connections with multiple eNBs, the additional overhead for both UE and network is expected and it is questionable that UE could see multiple eNBs in the same frequency band.
3. Handover to target eNB without informing serving eNB
Network allows for UE to handover to the target eNB without informing the serving eNB. However, it is controversial that UE chooses the target eNB based on only signal quality not overall network situation.
4. Enhance LTE RLF recovery procedure
Simply admitting link failure and trying to reduce the recovery latency can be another possible approach. This might have longer data interruption time than the above three approaches.
Other approaches which are not described in the above could also be discussed and studied in RAN2.
[Proposal 2] RAN2 is requested to capture the following potential study direction for NR mobility enhancement.
1. Enhance LTE handover

2. Maintain multiple eNBs connections

3. Handover to target eNB without informing serving eNB

4. Enhance LTE RLF recovery procedure

Other approaches which are not described in the above could also be discussed and studied in RAN2.

5 Conclusion

Based on the above, RAN2 is requested to discuss and if possible note on the followings:

Observation 1: Handover failure of UE per unit time at HF-NR happens more frequently compared to LTE.

Observation 2: Handover failure rate of HF-NR is around 2-4%, whereas LTE has less than 1%. 

 Observation 3: Handover failure of HF-NR does not depend on loading, whereas lighter loading factor decreases handover failure at LTE.
Observation 4: Ping-pong rate of HF-NR is higher than LTE.

Observation 5: Smaller TTT values contributes to reduce handover failure rate of HF-NR, however, ping-pong rate is also increased.
Observation 6: Handover failure of HF-NR system is mainly for measurement report failure.
 [Proposal 1] RAN2 is requested to capture the above performance evaluation results in RAN2 TR (38.804) as of Annex C.
 [Proposal 2] RAN2 is requested to capture the following potential study direction for NR mobility enhancement.

1. Enhance LTE handover

2. Maintain multiple eNBs connections

3. Handover to target eNB without informing serving eNB

4. Enhance LTE RLF recovery procedure

Other approaches which are not described in the above could also be discussed and studied in RAN2.
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Annex B: Simulation Parameters

	Parameter
	LTE
	HF-NR

	
	Value
	Ref.
	Value
	Ref.

	Carrier frequency
	2 GHz
	-
	28 GHz
	-

	Bandwidth
	10 MHz
	[2][3]
	1 GHz
	[6]

	ISD
	500m
	[2][3]
	200m
	[6]

	Number of sectors
	3
	[2][3]
	3
	[8]

	Path Loss
	19.57 + 39.09 log10(R)
	[4]
	53.23 + 35.3 log10(R)
	[6]

	Shadowing Standard Deviation
	6 dB
	[4]
	7.82 dB
	[6]

	Penetration Loss
	20 dB
	[2]
	27.88 + N(0, σ) dB
	[6]

	eNB TX Power
	46 dBm
	[2][3]
	33 dBm
	[8]

	UE TX Power
	23 dBm
	[3]
	23 dBm
	[8]

	eNB Antenna Gain 
	15 dBi
	[2][3]
	24 dBi 
	[8]

	BS Antenna Element Gain
	-
	-
	8 dBi
	[8]

	UE Antenna Gain
	0 dBi
	[2][3]
	15 dBi
	[8]

	BS Antenna Height
	25m
	[3]
	10m
	[8]

	Noise Figure
	5 dB
	[5]
	UL: 8(7) dB, DL : 11(13) dB
	-


Annex C: Text proposal

17 Performance evaluation
17.x Mobility performance

17.x.x. Intra-NR RAT (RRC level) 

17.x.x.1. Simulation Environments

In the simulation, 19-cell with wrap-around topology is assumed. The frequency of LTE cell is 2 GHz and HF-NR cell is 28 GHz. A typical Urban macro scenario with 19-cell and 3-sector is assumed in LTE, whereas Urban micro scenario and 3-sector is assumed in the HF-NR. Channel parameters related to HF-NR are based on RAN1 evaluation assumptions. The other parameters related to handover simulation are as same as current LTE evaluation methodology.
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Figure 1 19-cell and 3-sector with wrap-around deployment scenario for HF-NR
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Figure 2 19-cell and 3-sector with wrap-around deployment scenario for LTE
	Parameter
	LTE
	HF-NR

	
	Value
	Value

	Carrier frequency
	2 GHz
	28 GHz

	Bandwidth
	10 MHz
	1 GHz

	ISD
	500m
	200m

	Number of sectors
	3
	3

	Path Loss
	19.57 + 39.09 log10(R)
	53.23 + 35.3 log10(R)

	Shadowing Standard Deviation
	6 dB
	7.82 dB

	Penetration Loss
	20 dB
	27.88 + N(0, σ) dB

	eNB TX Power
	46 dBm
	33 dBm

	UE TX Power
	23 dBm
	23 dBm

	eNB Antenna Gain 
	15 dBi
	24 dBi 

	BS Antenna Element Gain
	-
	8 dBi

	UE Antenna Gain
	0 dBi
	15 dBi

	BS Antenna Height
	25m
	10m

	Noise Figure
	5 dB
	UL: 8(7) dB, DL : 11(13) dB


17.x.x.2. Simulation results
Three performance measures defined in TR36.839 as follows:

1. Handover Failure per UE per hour (HOF/UE/hr)

2. Handover Failure Rate (HFR, %)

3. Ping-Pong Rate [%] 

4. Table 1 HOF/UE/hr

	Loading
	UE Speed
	HOF/UE/hr

	
	
	HF-NR
	LTE

	1
	3km/h
	3.3
	0.0

	
	30km/h
	25.1
	0.3

	
	60km/h
	62.3
	3.7

	0.5
	3km/h
	3.3
	0.0

	
	30km/h
	24.8
	0.0

	
	60km/h
	61.9
	0.5


Table 2 Handover Failure Rate

	Loading
	UE Speed
	HF-NR
	LTE

	1
	3km/h
	2.1 %
	0.0 %

	
	30km/h
	2.6 %
	0.1 %

	
	60km/h
	4.0 %
	0.7 %

	0.5
	3km/h
	2.1 %
	0.0 %

	
	30km/h
	2.5 %
	0.0 %

	
	60km/h
	4.0 %
	0.1 %


Table 3 Ping-Pong Rate

	Loading
	UE Speed
	HF-NR
	LTE

	1
	3km/h
	1.1 %
	0.2 %

	
	30km/h
	13.8 %
	9.6 %

	
	60km/h
	 16.3 %
	13.2 %

	0.5
	3km/h
	1.1 %
	0.2 %

	
	30km/h
	13.7 %
	9.9 %

	
	60km/h
	16.3 %
	13.0 %


Additional performance measures as follows:
1. HF-NR Handover Failure & Ping-Pong Rate based TTT 
2. Analysis of HF-NR Handover Failure

Table 4 HF-NR Handover Failure & Ping-Pong Rate based TTT (UE Speed 60 km/h)
	Loading
	TTT
	Handover Failure Rate
	Ping-Pong Rate 

	
	
	
	

	1
	40 ms 
	2.5 %
	19.4 %

	
	80 ms
	3.0 %
	18.9 %

	
	160 ms
	4.0 %
	16.3 %

	0.5
	40 ms 
	2.6 %
	19.7 %

	
	80 ms
	2.9 %
	19.0 %

	
	160 ms
	4.0 %
	16.3 %


Table 5 Analysis of HF-NR Handover Failure (UE Speed 60 km/h)

	Loading
	Reason of Failure
	TTT = 40ms
	TTT = 160ms

	1
	MR Failure 
	84.2 %
	90.0 %

	
	Handover Command Failure
	2.6 %
	2.0 %

	
	Handover Complete Failure
	13.2 %
	8.0 %

	0.5
	MR Failure 
	83.1 %
	90.0 %

	
	Handover Command Failure
	2.9 %
	1.9 %

	
	Handover Complete Failure
	14.1 %
	8.1 %


17.x.x.3. Observations
1. Handover failure of UE per unit time at HF-NR happens more frequently compared to LTE.

2: Handover failure rate of HF-NR is around 2-4%, whereas LTE has less than 1%. 
3. Handover failure of HF-NR does not depend on loading, whereas lighter loading factor decreases handover failure at LTE.
4. Ping-pong rate of HF-NR is higher than LTE.

5. Smaller TTT values contributes to reduce handover failure rate of HF-NR, however, ping-pong rate is also increased.

6. Handover failure of HF-NR system is mainly for measurement report failure.
