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1. Introduction
In this contribution, we provide the text proposal for mobility evaluation results for time domain RRM relaxation. Detailed information can be found in [1].
2. Text proposal

---------------------------------------Text proposal start----------------------------------------------- 
6.4
Higher layer procedures for power consumption reduction in RRM measurements

In order to further study the mobility impact for relaxed measurement period in time-domain on mobility performance from RAN2 perspective, we performed system level simulations with different UE speeds and varied the measurement period. 

The simulation scenario is dense urban deployment with 7 sites (3 cells per site, hexagonal grid) where each cell is covered by a sector antenna. Single frequency layer was assumed, thus no inter-frequency measurements were considered. More detailed simulation assumptions are listed in Annex. In these simulations, UE measures [1, 2, 5] samples during one measurement period and the measurement period is varied within 200, 400 and 800ms with UE speeds of 0 km/h,30km/h and 60km/h. That is to say, L3 filter period is from 200ms to 800ms. And L1/L3 sample interval is 40ms if 5 samples per measurement period of 200ms is assumed. Time to trigger value of 0ms, 320ms and 640ms were used respectively. UE mobility/handover model and mobility performance metric follows TR36.839, where the handover is initiated based on an A3 RSRP measurement event (A3 event is also the major event for handover triggering from practical deployment). Detailed simulation model is also provided in Annex.
For RRM measurement relaxation for all UEs in a cell, it is observed that:

· For 3km/h UE speed, relaxing the measurement period by 4 times, i.e. from 200ms to 800ms, impact on handover failure rate is negligible (i.e.,<=0.043% handover failure rate).

· For 30km/h or higher UE speed, relaxing the measurement period by 4 times, i.e. from 200ms to 800ms, impact on handover failure rate is non-negligible.

· For UE speed not higher than 30km/h, the impact of L1 measurement samples on handover failure rate is negligible (i.e., <=0.120% handover failure rate).

Table 6.4-1: Handover failure rate with different measurement periods (5 samples during one measurement period) for RRM measurement relaxation for all UEs in a cell 
	
	UE speed 3km/h
	UE speed 30km/h
	UE speed 60km/h

	L3 Period(ms)
	200
	400
	800
	200
	400
	800
	200
	400
	800

	Timer-to-trigger: 0ms
	0.000%
	0.043%
	0.043%
	0.013%
	0.135%
	3.019%
	0.052%
	2.117%
	15.840%

	Timer-to-trigger: 320ms
	0.000%
	0.043%
	0.043%
	0.069%
	0.334%
	5.135%
	0.375%
	4.823%
	21.461%

	Timer-to-trigger: 640ms
	0.043%
	0.043%
	0.043%
	0.114%
	0.755%
	7.777%
	1.519%
	9.190%
	27.117%


Table 6.4-2: Handover failure rate with different measurement L1 samples and same L3 period (measurement period is 200ms) for RRM measurement relaxation for all UEs in a cell
	
	UE speed 3km/h
	UE speed 30km/h
	UE speed 60km/h

	Samples in 200ms of L3 Period
	5

(L1: 40ms)
	2

(L1: 100ms)
	1

(L1: 200ms)
	5

(L1: 40ms)
	2

(L1: 100ms)
	1

(L1: 200ms)
	5

(L1: 40ms)
	2

(L1: 100ms)
	1

(L1: 200ms)

	Timer-to-trigger: 0ms
	0.000%
	0.000%
	0.000%
	0.013%
	0.019%
	0.019%
	0.052%
	0.057%
	0.036%

	Timer-to-trigger: 320ms
	0.000%
	0.000%
	0.000%
	0.069%
	0.069%
	0.050%
	0.375%
	0.318%
	0.268%

	Timer-to-trigger: 640ms
	0.000%
	0.000%
	0.000%
	0.114%
	0.120%
	0.120%
	1.519%
	1.413%
	1.069%


For RRM measurement relaxation for partial UEs in a cell based on configurable relaxation conditions, e.g. RSRP threshold, it is observed that:

· For stationary or low speed UE, i.e. no more than 3km/h, relaxing the measurement period 4 times, i.e. from 200ms to 800ms, has no impact on mobility performance. 
· For 30km/h UE speed, RRM measurement relaxation for partial UEs in a cell based on RSRP can achieve much lower handover failure rate (i.e., <=0.140% for 400ms measurement period, and <=0.654% for 800ms measurement period) than RRM measurement relaxation for all UEs in a cell, when the RSRP threshold is set to be 50% point of CDF curve for all UEs’ serving cell RSRP.

· If the RSRP threshold is set to be an even higher value, e.g., 80% point of CDF curve for all UEs’ serving cell RSRP, or set to be the threshold of S-measure, the handover failure rate is expected to be more negligible and even near to 0.

At least RRM measurement relaxation for partial UEs in a cell based on configurable relaxation conditions, e.g. RSRP threshold, needs to be further considered.

Table 6.4-3: Handover failure rate comparison between RRM measurement relaxation for all UEs in a cell and RRM measurement relaxation for partial UEs in a cell based on RSRP
	
	UE speed 30km/h

	
	L3 period = 400ms
	L3 period = 800ms

	
	TTT=0ms
	TTT=320ms
	TTT=640ms
	TTT=0ms
	TTT=320ms
	TTT=640ms

	RRM relaxation for all UEs in a cell
	0.135%
	0.334%
	0.755%
	3.019%
	5.135%
	7.777%

	RRM relaxation for partial UEs in a cell based on RSRP
	0.019%
	0.082%
	0.140%
	0.206%
	0.387%
	0.654%


For stationary or low speed UE, i.e. no more than 3km/h, relaxing the measurement period 4 times, i.e. from 200ms to 800ms for all UEs in a cell, should be supported. The RRM measurement relaxation criteria based on the measurment of serving cell quality can be further considered, e.g. when the measurement results is higher than a threshold, the RRM measurement relaxation can be appled.

Note: The above simulation results apply when the NW can reliably determine the UE speed (e.g. stationary, 3km/h, 30km/h).
1. Annex: Evaluation methodologies 

Simulation assumptions
	Parameter
	Assumption

	Cell layout
	Hexagonal grid, 7 sites, 3 cells per site, with wrap-around

Dense urban with one frequency layer(i.e. 4.0GHz)

	Macro inter-site distance
	200 m

	UE mobility
	UE speed 3 and 30km/h

UEs with random direction and straight movement 

	UE deployment
	Uniform UE deployment with 20% UEs outdoor and 80% UEs indoor

	BS antenna configuration
	1 sector antenna per sector

Antenna downtilt 15 degrees

	Macro BS Tx power
	44 dBm

	Channel model 
	NR channel model [4] 

	Pathloss model
	Uma [4] 

	Network load 
	100% RB usage

	Measurement interval
	200, 400, 800ms

	L1 measurement filter samples
	5,2,1

	Layer3 Filter Parameter K
	1

	Handover criteria
	Event A3, RSRP

	A3 event threshold
	2 dB

	A3 event hysteresis
	1 dB

	A3 event time-to-trigger
	0 ms, 320 ms, 640ms 

	Radio Link Failure Qout SINR
	-8 dB

	Radio Link Failure Qin SINR
	-6 dB

	Radio Link Failure timer T310
	1000 ms


Handover failure rate = (number of handover failures) / (Total number of handover attempts)
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Figure 5.2.1.3.1: A handover failure is declared when the criterion 1) is met in state 2. [TR36.839]


[image: image2.emf]Event entering 

condition

RLF timer T310 T311

Radio prolem 

detection 

CQI< Qout 

T310 started

TTT

HO execution 

time 

Radio Link 

failure

HO 

command

HO 

complete

HO Prep. 

Time

HO failure

State 1

Radio link 

monitor 

process

HO 

process

State 2 State 3

Measure

ment 

report 

triggered


Figure 5.2.1.3.2: A handover failure is declared when the criterion 2) is met in state 2.

---------------------------------------Text proposal end----------------------------------------------- 
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