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Introduction

Based on the evaluations presented in RAN2, so far, it is not possible to make a conclusion on UL-based mobility in inactive state. However, as there was study work in RAN2, it is proposed to briefly capture the main results on UE power consumption (X.2.1), signalling overhead (X.2.2) and paging performance (X.2.3).
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TP

Annex X:
Evaluation results on UL-based mobility in RRC_INACTIVE
X.1
Introduction
This section captures evaluations of DL-based mobility and/or UL-based mobility in RRC_INACTIVE for power consumption, signalling overhead and paging performance. 
X.2
Evaluations

X.2.1
Power consumption

X.2.1.1
Evaluation 1

This evaluation is provided from R2-168172. For UL based mobility, UE performs synchronization, serving cell/TRP measurements, UL tracking signal transmission, network monitoring (for network feedback and paging) and zone change measurements. UL tracking signal is transmitted once per DRX cycle. For ‘NUL’, value 0.2 indicates that each UL Tracking Area contains 5 NR cells on average. 
Table X.2.1.1-1: UE power consumption comparison for DRX=640ms, cell size 866m
	Mobility Type
	Energy consumption (mW.ms) per DRX cycle for UE speed = 3 km/hr
	Energy consumption (mW.ms) per DRX cycle for UE speed = 60 km/hr
	Energy consumption (mW.ms) per DRX cycle for UE speed = 120 km/hr

	
	NUL = 5
	NUL = 0.2
	NUL = 5
	NUL = 0.2
	NUL = 5
	NUL = 0.2

	DL mobility
	3793.2
	3793.2
	3845.93
	3845.93
	3901.2
	3901.2

	UL mobility
	4346.35
	4333.05
	4609.64
	4343.58
	4886.77
	4354.67


Table X.2.1.1-2: UE power consumption comparison for DRX=2560ms, cell size 866m
	Mobility Type
	Energy consumption (mW.ms) per DRX cycle for UE speed = 3 km/hr 
	Energy  consumption (mW.ms) per DRX cycle for UE speed = 60 km/hr
	Energy consumption (mW.ms) per DRX cycle for UE speed = 120 km/hr

	
	NUL = 5
	NUL = 0.2
	NUL = 5
	NUL = 0.2
	NUL = 5
	NUL = 0.2

	DL mobility
	9561.58
	9561.58
	9772.21
	9772.21
	9993.91
	9993.91

	UL mobility
	10147.92
	10094.72
	11201.04
	10136.84
	12309.59
	10181.18


X.2.1.2
Evaluation 2

This evaluation is provided from R2-1701806. In this evaluation, the UE does not perform serving cell related measurements, there is no tracking zone, and when moving towards a new cell, the network receives the configuration for the neighbour cell by dedicated signalling, similarly to handover..

Table X.2.1.2-1: UE power consumption comparison for DRX=640ms, cell size 866m
	Mobility Type
	Energy consumption (mW.ms) per DRX cycle

	
	UE speed = 3 km/hr
	UE speed = 60 km/hr
	UE speed = 120 km/hr

	DL mobility
	3793.2
	3845.93
	3901.2

	UL mobility
	3375.6
	3383.5
	3391.9


Table X.2.1.2-2: UE power consumption comparison for DRX=2560ms, cell size 866m
	Mobility Type
	Energy consumption (mW.ms) per DRX cycle for UE speed = 3 km/hr 
	Energy  consumption (mW.ms) per DRX cycle for UE speed = 60 km/hr
	Energy consumption (mW.ms) per DRX cycle for UE speed = 120 km/hr

	
	UE speed = 3 km/hr
	UE speed = 60 km/hr
	UE speed = 120 km/hr

	DL mobility
	9561.58
	9772.21
	9993.91

	UL mobility
	9136.9
	9168.6
	9202.0


X.2.1.2
Evaluation 3

This evaluation is provided from R2-1701783. For UL mobility, the power consumption for UL RS transmission includes two set-points A and B corresponding respectively to a UE transmitting at its max power or a UE will within the cell transmitting at a lower power. For DL mobility, the frequency of UE wakeups is adapted so that the paging miss rate is the same like for UL mobility.

Table X.2.1.2-1: UE power consumption under benign low mobility scenario
	Benign low mobility scenario
	Set-point A
	Set-point B

	DL Mobility
	1.67mA

	UL Mobility
	1.85mA
	1.74mA

	Gain (UL compared to DL)
	-10.8%
	-4.2%


Table X.2.1.2-2: UE power consumption under Rural with high speed UEs
	Rural with High Speed UEs (η = 4 and f = 0.27)
	Set-point A
	Set-point B

	DL Mobility
	3.72 mA

	UL Mobility
	1.85mA
	1.74mA

	Gain (UL compared to DL)
	50.2%
	53.2%


For “Rural with high speed UE” scenario, DL mobility has to wake up four times as frequently as UL mobility, and perform neighbour cell search 0.27 times per second to maintain a similar paging-miss rate of about 2%.
X.2.1.3
Evaluation 4
This evaluation is provided from R2-168526.
Table X.2.1.3-1: Power consumption for UL-based vs. DL-based measurements with UE speed 500km/h

	DRX cycle (s)
	DL-based (J)
	UL-based case 1 (J)
	% gain in UL-based case 1
	UL-based- case 2 (J)
	% gain in UL-based case 2

	0.32
	1063.29
	1246.7
	-17.24%
	1158.61
	-8.96%

	0.64
	722.69
	797.68
	-10.37%
	709.60
	1.81%

	1.28
	552.39
	573.18
	-3.76%
	485.09
	12.18%

	2.56
	423.195
	416.88
	1.49%
	372.84
	11.89%


Note: 
Case 1is with neighbour cell measurement duration in UL-based (= 15ms), case 2is with neighbour cell measurement duration in UL-based (= 0ms) 
X.2.1.3
Conclusions
Evaluations 1 and 2 provide opposite observations due to different assumptions on UE behaviour (doing serving/neighbour cell measurements or not) and on the duration of the UL RS used for tracking (1ms vs. 67 µs).
Evaluation 3 and 4 show different results because different deployments are considered. Evaluation 3 assumes xSS for zone is signalled in SFN manner and the xSS signals the same value in the zone while Evaluation 4 assumes xSS per cell is siganaled independently and each cell signals different value in the xSS. The xSS signalling difference makes difference on the power consumption required for serving cell measurement.

X.2.2
Signalling overhead
X.2.2.1
Evaluation 1

This evaluation is provided from R2-168172. For DL based mobility, the MME sends paging message of a UE to all the TRPs within the RAN tracking area which consists of KTA TRPs. For UL based mobility, it is assumed K TRPs receive the UL tracking signal and that the response to the UE is transmitted by 1 TRP. The DTX cycle assumed is 640 ms.
Figures X.2.2.1-1 (left) and X.2.2.1-2 (right): Signalling overhead (K=5, left: KTA=10, right, KTA=100)
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Figures X.2.2.1-3 (left) and X.2.2.1-4 (right): Signalling overhead (K=20, left: KTA=10, right, KTA=100)
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X.2.2.2
Evaluation 2

This evaluation is from R2-1700180.
Table X.2.2.-1: OTA/RAN internal signalling for UL-based mobility in RRC_INACTIVE

	UE speed (km/h)
	3
	3
	30
	30
	60
	60
	120
	120

	ISD (m)
	400
	200
	400
	200
	400
	200
	400
	200

	UL tracking interval (s)
	2,56
	2,56
	2,56
	2,56
	2,56
	2,56
	2,56
	1,28

	Dwelling time per TRP (s)
	377
	188
	38
	19
	19
	9
	9
	5

	OTA signalling (msg/h)
	2841
	2870
	3099
	3385
	3385
	3958
	3958
	7917

	RAN internal signalling (msg/h)
	2879
	2946
	3481
	4149
	4149
	5486
	5486
	10973


Table X.2.2-2: OTA/RAN internal signalling for DL-based mobility in RRC_INACTIVE
	Paging interval (minutes)
	5
	5
	10
	10
	30
	30
	60
	60

	Notification area size (#TRPs)
	300
	1500
	300
	1500
	300
	1500
	300
	1500

	OTA signalling (msg/h)
	3600
	18000
	1800
	9000
	600
	3000
	300
	1500

	RAN internal signalling (msg/h)
	3600
	18000
	1800
	9000
	600
	3000
	300
	1500


X.2.2.3
Conclusions
Evaluations 1 and 2 are assuming the same network behaviour, but with different parameter ranges. The results provide the same conclusion: the signalling load with DL based mobility mainly depends on Tracking area size while the signalling load with UL based mobility is mainly related to UE mobility and, for network internal signalling, the number of TRPs measuring a UE.

X.2.3
Paging performance
X.2.3.1
Evaluation 1

This evaluation is from R2-1701783.
The evaluation considers the highway and high speed train scenarios with the following simulation parameters:

· Layout with 57 UEs (all outdoor) and 57 TRPs with ISD = 1.732Km

· UEs move at a constant speed along linear trajectories with random orientation.

· UE speed for Highway and High-speed train scenarios are 120 Km/h and 480 Km/h, respectively. (3GPP requirement: 500 km/h)

· Channel models follows 36.885, in particular, Scatterers are not re-dropped, but PL and shadowing are periodically updated (every 100ms and 25ms for 120Km/h and 480Km/h, respectively.)

System-level evaluation assumptions used for the analysis in the following sections are defined in R1-168488.

Figure X.2.3.1-1: Paging-miss rate for DL-based mobility under highway scenario
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Figure X.2.3.1-1 shows paging-miss, cell-search and cell-reselection rates as a function of cell-search RSRQ threshold under DL-based mobility for Highway deployment scenario and RRC inactive state.

Increasing cell-search threshold reduces paging-miss rate at the cost of increasing cell-search rate and hence UE power consumption. However, there is a limit to how low the paging-miss can be pushed, e.g. even at a threshold of -2dB and DRX 750ms, paging miss it still 2.7%. One of the reasons for paging-miss is due to L3 filtering, at cell boundaries filtered RSRQ’s (used for cell-search and reselection) drop or rise slower than instantaneous L1 PDCCH SINR’s. In other words, by the time neighbor cell L3-filtered RSRQ becomes offset (i.e., 1dB) better than serving cell, the instantaneous L1 PDCCH SINR is too low for successful decoding of paging. This is despite the aggressive hysteresis value used (i.e., 1dB compared to specification’s recommendation of 3dB).

Reducing paging-miss rate any further requires reducing the DRX-cycle. Reducing DRX-cycle from 1.5s to 750ms allows the paging-miss to be reduced to 2.7% for a threshold of -2dB, which is still high. This however increases the cell-search rate and hence UE power consumption (note that the figure shows the paging-miss, cell-search and cell-reselection rates per DRX wakeup.) Cell-reselection rate (per second) is not very sensitive to cell-search threshold as it is more a function of UE movement between DRX wakeups.

Figure X.2.3.1-2: Paging-miss rate for DL-based mobility under high speed train scenario
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Figure X.2.3.1-2 shows paging-miss and cell-search rates as a function of cell-search RSRQ threshold under DL-based mobility for High Speed Train deployment scenario and RRC inactive state. DL-based mobility’s paging-miss rates are high even with very aggressive cell-search threshold and low DRX cycles (i.e., 5.6% for cell-search threshold of -2dB and DRX cycle of 375ms.)

Figure X.2.3.1-3: Paging-miss rate for UL-based mobility under Highway and High-speed train (HST) scenarios
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Figure X.2.3.1-3 shows paging-miss, cell-search and cell-reselection rates as a function of cell-search RSRQ threshold under UL-based mobility for Highway and High Speed Train deployment scenarios (RRC inactive state.)

As the figure shows paging-miss rates under UL-based mobility are very low. In fact for Highway and High Speed Train deployment scenarios paging-miss rates are 1.3% and 2.3%, respectively, compared to 5.6% and 22% for DL-based mobility (at the same DRX cycle of 1.5s). Ideally the paging-miss should be zero as there are no coverage holes in the layout. The residual paging-miss (e.g., 2.3% under High Speed Train scenario) is due to mismatch between UL and DL interference profiles and can be eliminated through an optimized cell-search algorithm that takes this mismatch into account. Another point to note is that cell search is carried by network, which can be further reduced through optimization.    

The reason behind UL-based mobility’s increased reliability is that UE and Network perform a closed-loop L1 handshake at each DRX wakeup (i.e., UE transmitting a reference signal and Network sending back a response signal), providing them both with more accurate and timely information on channel state. This closed-loop L1 handshake is absent in DL-based mobility where UE relies on open-loop L3 filtered measurements of Network transmitted reference signals, which are less accurate and up-to-date.
Figure X.2.3.1-4: Comparison of UL and DL-based mobility paging-miss and DL cell-search under highway and high-speed train scenarios

[image: image8.emf]0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

DL BASED

MOBILITY,

DRX CYCLE

= 0.375s

DL BASED

MOBILITY,

DRX = 1.5s

UL-BASED

MOBILITY,

DRX = 1.5s

DL BASED

MOBILITY,

DRX CYCLE

= 0.375s

DL BASED

MOBILITY,

DRX CYCLE

= 1.5s

Comparison of UL and DL-based Mobility

(Left: Paging-miss, Right: DLCell-search/sec) 

Highway(120Km/h) High-speed Train(480Km/h)


Figure X.2.3.1-4 compares paging-miss rates for UL and DL-based mobility under Highway and High Speed Train deployment scenarios. The rates correspond to a cell-search RSRQ threshold of -4dB (increasing the threshold beyond -4dB reduces paging-miss rate only marginally but increases cell-search rates significantly).

As the figure shows, there exists a tradeoff between paging-miss rate and DL cell-search rate and DRX-cycle (which affect UE power consumption.) More precisely, DL-based paging-miss can be brought down at the cost of increased UE-power consumption. For UL-based mobility, the cost of cell-search (in terms of power or computational complexity) is mostly shifted to Network at the expense of UE transmitting UMICH.

Observation 1: For RRC inactive state, in mobility challenging scenario, DL based mobility can have high paging miss probability

Observation 2: For RRC inactive state, in mobility challenging scenario, paging missing probability for DL based mobility can be improved at the expense of UE power consumption increase, e.g. more frequent and longer cell-search

Observation 3: For RRC inactive state, in mobility challenging scenario, UL based mobility can still provide reliable paging because of fast closed-loop L1 handshake at each DRX wakeup (i.e., UE transmitting a reference signal and Network sending back a response signal)

Observation 4: For RRC inactive state, in mobility challenging scenario, UL based mobility can provide better paging reliability and UE power consumption tradeoff, compared to DL based mobility
X.2.3.2
Evaluation 2

This evaluation is from R2-1701571.
This evaluation is only about DL mobility. It includes system level simulations in order to study the effect of paging-miss and paging delay as a function of DRX/paging cycle and system load.
Table X.2.3.2-1:
Simulation parameters

	Parameter
	Assumption

	System bandwidth
	20 MHz

	Carrier frequency
	4.0 GHz

	Cell layout
	Hexagonal grid, 7 sites, 21 cells per site, with wrap-around

	Network synchronization
	Synchronized

	UE mobility
	120 km/h, 480 km/h

	UE deployment
	Uniform random starting location and direction

	Macro inter-site distance
	1.732 km

	BS antenna height
	35 m

	DL antenna configuration
	2x2 LMMSE-IRC

	Macro BS Tx power
	49 dBm

	Traffic
	Keep alive

	UE maximum Tx power
	23 dBm

	Channel model 
	3D channel model from TR 36.873

	Pathloss model - macro
	3D-UMa from TR 36.873

	Spatial consistency:
LOS/NLOS transition model
	Soft LOS transition from TR 36.873

	PDCCH decoding threshold
	-7 dB

	Cell reselection criteria
	RSRQ

	Cell reselection hysteresis
	3 dB

	Measurement filtering L1
	3 samples (2 DRX cycles in time) 

	Measurement filtering L3
	Coefficient 6, weight 0.35 on newest sample

	Measurement bandwidth
	6 RBs


Figures X.2.3.2-1 (left) and X.2.3.2-2 (right): Cell reselections/UE/s for 120 km/h (left) / 480 km/h (right)
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Observations:

-
120 km/h: Regardless of DRX cycle and load, the number of cell reselection is quite low (between 1 cell reselection in 9 s for DRX cycle 375 ms down to 1 cell reselection in 20 s for DRX cycle 1.5 s)

-
480 km/h: Similar observation as for 120 km/h, but the number of cell reselections is clearly higher (up to 1 cell re-selection in 5 s)

Figures X.2.3.2-3 (left) and X.2.3.2-4 (right): Paging miss rate for 120 km/h (left) / 480 km/h (right)
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Observations:

-
Increasing the DRX cycle, the paging miss rates remain rather low to pose any problems in DL 

-
120 km/h: very low page-miss rates (at most 3.0%)

-
480 km/h: low paging-miss rate for DRX cycle 375 ms (up to 3%, when the interference in the network is high), while for DRX cycle 1.5 s the paging-miss rate is 12-17% (for intermediate to high interference in own network)

Figures X.2.3.2-5 (left) and X.2.3.2-6 (right): Paging delay for 120 km/h (left) / 480 km/h (right)
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The average delay depends primarily on the DRX/paging cycle length (i.e. on average the delay is at least half the paging cycle), less on the paging miss rate. For this reason even getting zero paging miss rates with UL based mobility, we cannot really go for much longer paging cycles without significantly increasing the average paging delay.
Observation 1: DL based mobility provides good paging performance even for high speed UEs. 

Even if somewhat smaller paging miss rates could be achieved with UL based mobility, the average paging delay is primarily determined by the DRX/paging cycle. 

Observation 2: Lower paging miss rate doesn’t significantly improve paging delay which follows basically DRX cycle length. 
X.2.3.3
Conclusions
Evaluations 1 and 2 show the DL paging performance and both evaluations show that the longer the DRX cycle is, the more paging miss rate of the DL based mobility is observed. Besides evaluation 1 shows the UL based mobility has a better paging performance over the DL based mobility in different DRX cycle periods and the UL based mobility gives a reasonable paging miss rate even when long DRX cycle (1.5 sec) is applied.
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