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Discussion and Decision
1      Introduction
During last RAN2#94 meeting, it has been agreed the following:
Agreements:


1 NR eNB corresponds to 1 or many TRPs

Agreed requirements


2: 
As baseline, NR shall support a state with network controlled mobility handling and a state with UE controlled mobility.


3: 
For typical NR inter-eNB network controlled mobility, minimise the required measurement configuration to be provided to the UE to configure measurements (e.g. avoid the need to provide detailed 'cell' level information). More detailed information may be provided to address some cases.


4
Minimise context move as a consequence of UE based mobility.

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

In this contribution, we conduct a simulation to evaluate different UE speeds with the current LTE handover procedure based on the beam based measurement with perfect beam tracking in both LoS and NLoS scenarios.  
2      Discussion
Assuming the scenario where the network can configure multiple TRPs belong to a cell. In the example in Figure 1, there are three cells with each consists of multiple TRPs. Two UEs are in mobility. UE1 (in red) is closer to the TRP then UE2 (in green). Both UEs are moving from the TRP belongs to cell 2 towards the TRP belongs to cell 1. It is observed that even in inter-cell handover, the UE is handover from one beam to another beam belong to different TRPs.
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Figure 1: Example of inter-cell/TRPG mobility

Observation 1: Even in inter-cell handover, the UE is handover from one beam to another beam belong to different TRPs.
Below is the interruption time in LTE:
	Component/ Step
	Description
	Time (ms)

	7
	RRC Connection Reconfiguration Incl. mobilityControlInfo
	15

	8
	SN Status Transfer
	0

	9.1
	Target cell search
	0

	9.2
	UE processing time for RF/baseband re-tuning, security update
	20

	9.3
	Delay to acquire first available PRACH in target eNB
	0.5/2.5

	9.4
	PRACH preamble transmission
	1

	10
	UL Allocation + TA for UE
	3/5

	11
	UE sends RRC Connection Reconfiguration Complete
	6

	 
	Minimum/Typical Total delay [ms] 
	45.5/49.5


In current LTE, the total interruption time consists of 40ms handover preparation time (due to X2 latency) and 50ms handover execution time. Assuming NR is 0.2ms per subframe, therefore, air interface time can be scaled by 1/5. Therefore, we can estimate the handover interruption for NR as follow:
· Handover preparation time: 40ms + handover execution time: 10ms = total of 50ms

Figure 2 shows the beam tracking when the UE is in mobility. The UE normally will be at the half beam width location because the UE normally will be at the peak of the antenna gain after beam training. In this example, the UE is moving to the left. While the UE is close to the edge of the serving beam, the TRP will perform beam tracking and adjust the beam (colored dotted purple line) according to the UE location. However, eventually the new beam gain from the beam tracking signal will be degraded and at some point, the UE will no longer be able to receive the signal from TRP if handover to another TRP doesn’t happen in time. 
[image: image2.jpg]-«

"
0

‘o

Ja's

'
0

’ s &

. 0 O

S

¢ ——

@ ‘o

' ' 0

0 |1 C

i s

o :.&’

7} 0

4 '
o 0

: ¥

0
'

UE direction l &
......... ‘

half beam width




Figure 2: beam tracking from the same TRP when UE is in mobility

2.1     Simulation results for LoS UE

Figure 3 shows the simulation result of UE 2 (far from TRP) handover performance. Beam tracking bump is created due to perfect beam tracking belong to the same TRP. In the beam tracking, we assume that the UE measures only the best beam. Figure 4 shows UE 1 (closer to TRP) handover performance. Two handovers are triggered in the same mobility as for UE 2. When the UE is closer to the TRP, it is observed that multiple TRP measured signal are closed to each other in the handover region. Therefore, it is harder to decide which the good candidate TRP for handover is. Therefore, more number of handover is triggered. In addition, due to beamforming UE and network capability, the interference from neigbhouring TRPs are limited. This result better chance of the UE to receive the HO command from the source TRP unlike in LTE scenario assuming there is a perfect beam tracking.
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Figure 3: UE 2 (far from TRP) RSRP over time during handover moving at 120km/h
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Figure 4: UE 1 (close to TRP) RSRP over time during handover moving at 120km/h 
Observation 2: Beam bump creates more than 7dB in measured signal may increase the challenge of handover decision in LoS environment.
Observation 3: UE closer to TRP can have multiple TRP measured signal within the handover region in LoS environment.
Observation 4: If perfect beam tracking is applied, HO command can have higher chance to be delivered to the UE in compare to LTE due to beamforming capability of the UE and TRP.

Figure 5 shows UE 1 at speed of 60km/h under the same configuration as in Figure 4. Figure 4 and 5 are very similar expect the time duration is double for 60km/h UE (run 8s instead of 4s in compare to 120km/h case. The handover region is double when the UE is moving slower. Figure 6 shows a slow moving UE of 3km/h, the handover region starts at 10s and end at 40s. The handover region is 30s. Because of the region is long with the large signal fluctuation, 3 handovers are results if the same configuration applies. 
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Figure 5: UE 1 (close to TRP) RSRP over time during handover moving at 60km/h 
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Figure 6: UE 1 (close to TRP) RSRP over time during handover moving at 3km/h 

Observation 5: Slow moving UE has longer handover region than fast moving UE assuming the same threshold for HO.
2.2     Simulation results for non LoS UE

Figure 7-10 shows UE 1 and 2 at different UE speeds in a non LoS scenario. Beam bump is not observed in non LoS case, therefore, beam bump is created due to the antenna gain from both TRP and the UE. In addition, the handover region is much shorter in compare to LoS case. In compare to LoS case, non LoS signal is about 40dB difference. So UE can easier distinguish if it is a LoS case or a non LoS case. Furthermore, for slow moving UE (3km/h UE), the serving cell signal almost maintains the same level for more than 40s and the neigbouring TRP signals are just slightly lower than the serving TRP. This results in many event triggering hence measurement reporting and handover. It is worst for UE2.
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Figure 7: UE 1 (close to TRP) RSRP over time during handover moving at 120km/h
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Figure 8: UE 1 (close to TRP) RSRP over time during handover moving at 60km/h

Observation 6: Beam bump may not be observed in non LoS scenarios.

Observation 7: Beam bump can be created by the antenna gain from TRP and UE.
Observation 8: The serving signal in non LoS can be about 40dB lower than the LoS case.

Observation 9: Slow moving UE maintains a similar signal level for very long period of time for both serving TRP and neigbouring TRP.

Observation 10: Slow moving UE may result in frequent event triggering and hence may many measurement reporting and handover.
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Figure 9: UE 1 (close to TRP) RSRP over time during handover moving at 3km/h
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Figure 10: UE 2 (close to TRP) RSRP over time during handover moving at 3km/h
Proposal 1: Handover performance should be evaluated. 
Proposal 2: RAN2 should study how to consider UE speed in handover in NR.

3      Conclusion
Observation 1: Even in inter-cell handover, the UE is handover from one beam to another beam belong to different TRPs.
Observation 2: Beam bump creates more than 7dB in measured signal may increase the challenge of handover decision in LoS environment.
Observation 3: UE closer to TRP can have multiple TRP measured signal within the handover region in LoS environment.
Observation 4: If perfect beam tracking is applied, HO command can have higher chance to be delivered to the UE in compare to LTE due to beamforming capability of the UE and TRP.

Observation 5: Slow moving UE has longer handover region than fast moving UE assuming the same threshold for HO.
Observation 6: Beam bump may not be observed in non LoS scenarios.

Observation 7: Beam bump can be created by the antenna gain from TRP and UE.
Observation 8: The serving signal in non LoS can be about 40dB lower than the LoS case.

Observation 9: Slow moving UE maintains a similar signal level for very long period of time for both serving TRP and neigbouring TRP.

Observation 10: Slow moving UE may result in frequent event triggering and hence may many measurement reporting and handover.
Proposal 1: Handover performance should be evaluated. 

Proposal 2: RAN2 should study how to consider UE speed in handover in NR.
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