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1 Introduction
In RAN2 95bis meeting, the following agreements were made for support of UL based mobility in RRC_INACTIVE state:
Agreement

1: Concerning RRC driven UL-based connected mode mobility:

•
For connected active state mobility, DL-based handover is supported, and UL based mobility can continue to be studied.

•
For connected inactive state, DL-based reselection is supported, and UL-based mobility can also be studied

•
Benefits of UL based mobility, compared to DL based mobility, should be studied with performance analysis.

This contribution discusses the principles of the UL based mobility and the benefits of the UL based mobility in RRC_INACTIVE state.
2 Principles on UL based mobility
The RAN2 contribution [1] shows how UL based mobility works. This contribution clarifies the principles of the UL based mobility, which were used to model the system for the simulations provided in [2] and [3]. The principles on UL based mobility are proposed in [6] and this contribution’s analysis is made based on the principles.
3 Open issues raised in the previous meetings
In last RAN2 meeting, some companies raised the following open issues with the UL based mobility. This section provides the answers for them.
1. Handover mechanism at boundary of region, and/or inter-frequency

UE always switches the measurement mode from UL to DL at the zone edge (zone = the network region mentioned in section 2).

Answer: There are two cases; 

1) NW controlled measurement mode switch and 

2) UE autonomous mode switch.

Basically NW has a responsibility to mitigate the UL interference so NW should reconfigure the UE at the zone edge TRP with the DL based mobility mode.

However if NW couldn’t do that in time (e.g. too long DRX cycle), then UE should perform autonomous UL based mobility to DL based mobility switch upon detection of the current zone SYNC degradation or upon detection of a new zone SYNC signal to perform zone reselection in case UE wakes up at the zone edge or UE performs a UL based mobility with new UMICH/KA resources given by the new zone SYNC signal in case UE wakes up in the completely new zone.

2. How does the network configure potential target gNBs for uplink measurement

Answer: For RRC_INACTIVE, in our design, UL reference signal uses RA resource and all the TRPs in the zone are able to monitor the RA resources without UL RS monitoring configuration prior to receiving the UL RS.
On the other hand, in RRC_CONNECTED state, RAN needs to explicitly configure the neighbour TRPs of the current serving TRP to monitor UL RS as UL RS is something like SRS.
3. Design (format/channel) of the uplink RS, choice of signatures, etc.

a. Related to how many signatures can be distinguished, and how often signature changes are needed

Answer: see section 4.
4. In RRC_INACTIVE state, is the DL cell reselection required to be performed in parallel with UL-based mobility?

Answer: A UE is required to perform either DL based mobility or UL based mobility but not required to perform them in parallel.
4 Performance analysis
We provided the performance analysis with the simulation results in terms of the paging performance and the energy saving performance in [2] and [3] before.
In addition, we provide another simulation results of dense urban scenario in RAN1 [5] and it proves that UL based mobility performs better than DL based mobility in terms of paging miss probability.
According to the simulation studies in [2], [3] and [5], we have the following observations: 

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

Observation 5: In mobility challenging scenario, to achieve the same paging reliability, UL based mobility can reduce the UE power consumption compared to DL based mobility.

Observation 6: UL based mobility has some performance gain in terms of paging miss probability and energy saving performance in high speed train, highway and dense urban scenarios.
In RAN2#95bis meeting, some companies questioned if the UL based mobility is scalable. 
Therefore this time we bring a RAN1 paper [4], which includes the scalability analysis and it concludes:

Observation: PUMICH can be designed to support large number of UEs per zone (270k-420k) for UL based mobility
Where PUMICH is uplink reference signal for UL based mobility in RRC_INACTIVE.

Observation 7: UL reference signal for RRC_INACTIVE can be designed to support large number of UEs (270k-420k) per zone for UL based mobility

5 Conclusion
According to the above analysis and discussion, we have the following observation and the proposal:
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

Observation 5: In mobility challenging scenario, to achieve the same paging reliability, UL based mobility can reduce the UE power consumption compared to DL based mobility.

Observation 6: UL based mobility has some performance gain in terms of paging miss probability and energy saving performance in high speed train, highway and dense urban scenarios.

Observation 7: UL reference signal for RRC_INACTIVE can be designed to support large number of UEs (270k-420k) per zone for UL based mobility

Proposal: RAN2 is requested to capture the abovementioned performance evaluation results in RAN2 TR (38.804) as of Annex A.
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Annex A. Text Proposal
17 Performance evaluation
17.x Mobility performance

17.x.x. Intra-NR RAT (Highway and High-speed Train)

17.x.x.1 Simulation Environments
Figure A-1 shows the deployment layout for the Highway and High Speed Train scenarios. The following gives further details:

· 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.)

[image: image1]
Figure A-1. Deployment Layout for Highway and High Speed Train Scenarios

Table A-1 shows System-level evaluation assumptions for Rural with high speed UEs scenario, Table A-2 shows the evaluation assumptions for Highs Speed Train scenario and Table A-3 shows the evaluation assumptions for Dense Urban scenario.
Table A-1 Rural with high speed UEs
[image: image2.png]Parameters High Speed Rural
Layout Single layer

Macro layer: Hex. Grid
Inter-BS distance 1732m
Carrier frequency 4GHz

Simulation bandwidth

20MHz per CC

Channel model

3D UMa

BS Tx power

49dBm PA scaled down with simulation BW when system BW is
higher than simulation BW. Otherwise, 49dBm

BS antenna configurations

(8,1,2) with directional antenna element (HPBW=65u,directivity 8dB)
other values are not precluded

UE antenna configurations

(1,1,2) with omni-directional antenna element
other values are not precluded

UE Tx power 23dBm
BS antenna height 35 m
BS receiver noise figure 5dB
UE receiver noise figure 9dB

UE distribution

Outdoor vehicles 120km/h
10 UEs per TRPs
UE location/movement direction randomly chosen

BS receiver noise figure

5dB

UE receiver noise figure

9dB

UE and BS receiver

Realistic

Network Synchronization

Synchronized TRPs . Asynchronized TRPs FFS.





Table A-2 Highs Speed Train
[image: image3.png]Parameters

High Speed Train

Layout

Follow 38.913

Inter-BS distance

1732m

Carrier frequency

4GHz, other frequency not precluded

Simulation bandwidth

20MHz per CC

Channel model

ITU Rural

BS antenna (8,1,2) with directional antenna element (HPBW=6SU, directivity 8dB)
configurations other values are not precluded

BS Tx power 49dBm

UE antenna (1,1,2) with omni-directional antenna element

configurations other values are not precluded

UE Tx power 23dBm

UE distribution

1000 UEs per train and 30% active UEs
100% of users in train at 480 km/h
Each company should open how to model NW configuration

BS receiver noise figure

5dB

UE receiver noise figure

9dB

UE and BS receiver

Realistic

Network Synchronization

Synchronized TRPs . Asynchronized TRPs FFS.





Table A-3 Dense Urban [image: image4.png]Parameters

Dense urban

Layout

Two layer
Macro layer: Hex. Grid

Micro layer: Random drop 9 micro BSs per macro BS

Inter-BS distance

Macro layer: 200m

ICarrier frequency

4 GHz

Simulation bandwidth

20MHz per CC

IChannel model

3D UMa (Macro layer) and 3D UMi (Micro layer)

BS Tx power

Macro layer
44 dBm PA scaled down with simulation BW when system BW is higher than

simulation BW. Otherwise, 44 dBm

Micro layer:
33dBm for 20MHz system bandwidth

when system BW is higher than simulation BW. Otherwise, 44 dBm.

BS antenna configurations

(8,1,2) with directional antenna element (HPBW=65“,directivity 8dB)
other values are not precluded

UE Tx power

23dBm

UE antenna configurations

(1,1,2) with omni-directional antenna element
other values are not precluded

BS antenna height

25m for macro cells and 10m for micro cells

UE antenna height

1.5m

UE distribution

10 users per macro TRP, 10 users per micro TRP
100% outdoor,30km/h (basleine), 3, 60 km/h (optional)
Simultaneous UEs within a slot

UE location/movement direction randomly chosen

BS receiver noise figure  |5dB
UE receiver noise figure  [9dB
UE s receiver Realistic

Network Synchronization

Synchronized TRPs . Asynchronized TRPs FFS.





17.x.x.2 Paging reliability analysis for Rural with high speed UEs/High speed train scenarios
17.x.x.2.1 DL-based mobility paging reliability performance

Figure A-2 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.

As the figure shows, 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. As Figure A-2 shows 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.) As a final note, 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. 
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Figure A-2. Paging-miss rate for DL-based mobility under Highway scenario

Figure A-3 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. As the figure shows, 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.) 
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Figure A-3. Paging-miss rate for DL-based mobility under High Speed Train scenario
17.x.x.2.2 UL-based mobility paging reliability performance 

Figure A-4 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.
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Figure A-4. Paging-miss rate for UL-based mobility under Highway and High-speed train scenarios
Figure A-5 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.
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Figure A-5. Comparison of UL and DL-based mobility paging-miss and DL cell-search under Highway and High-Speed scenarios 

17.x.x.2.3 Observations
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

17.x.x.3 Power Analysis between UL and DL-based Mobility
The approach taken in this analysis is to estimate power add-ons specific to UL and DL mobility procedures on top of a baseline DRX wakeup UE power consumption. The power and energy numbers are reported in units of mA and mA.ms, respectively, assuming a battery voltage of 3.7V, e.g., 1mA and 1mA.ms correspond to 3.7mW and 3.7uJ, respectively. 

The baseline DRX wakeup UE power consumption, PDRX-wakeup, includes the following procedures

−
Resynchronizing to serving cell and serving cell measurements

−
Monitoring Paging

While PDRX-wakeup is technology dependent, a reasonable estimate for a UE with a 10MHz bandwidth is 1000 mA.ms per DRX wakeup. 

PDRX-wakeup excludes the sleep power, Psleep, which is the power drained from the battery by a stand-by UE and is independent of DRX cycle and mobility procedure. While Psleep is technology dependent, a reasonable estimate is 1mA, or 1500mA.ms per a DRX cycle of 1.5 seconds.

The power add-on specific to DL mobility is the power spent on neighbour cell search and measurement, Pneighbour-search.

UE can reduce Pneighbour-search by taking advantage of the synchronicity of the deployment (which is favourable for UL mobility as SYNC and measurement signal can be transmitted in an SFN manner) through re-using buffered samples from DRX wakeup Sync/Paging detection. This allows the UE to greatly reduce Pneighbour-search by eliminating the need for receiving and buffering new samples and by just doing extra processing. We assume Pneighbour-search amounts to around 200mA.ms per DRX wakeup.
17.x.x.3.1 UL-based Mobility UE Power Add-ons  
Figure A-6 depicts the signalling timeline used in this analysis for estimating power add-ons specific to UL mobility.
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Figure A-6. UL mobility signalling timeline

Table A-4 gives the parameters used to evaluate UL mobility power add-ons under two representative set-points A and B. As can be seen the choice of parameters for set-point A are very conservative, in particular it is assumed that the UE transmits UL reference signal at full headroom limit of 23dBm with an insertion loss of 4dB and PA efficiency of 40%. Set-point B corresponds to a UE well within the cell, transmitting UL reference signal at a 0dBm transmit power level. At such low transmit power levels, PA is bypassed, and a fixed 17dBm overhead is assumed. Both set-points assume conservative UL reference signal and NW response durations of 0.5ms. The delays between Zone Sync to UL reference signal and UL reference signal to NW response (for a maximum total of few milliseconds) can easily be absorbed in baseline DRX wakeup’s timeline.
Table A-4 UL mobility parameters
	Parameter
	Set-point A
	Set-point B

	UL Ref. Signal Tx Power
	23dBm
	0dBm

	Insertion Loss
	4dB
	PA is bypassed, 

17dBm fixed overhead

	PA Efficiency
	40% (~-4dB)
	

	UL Ref. Signal Duration (TulRef)
	0.5ms
	0.5ms

	NW Response Duration (TnwResp)
	0.5ms
	0.5ms

	Tsync2ulRef, Tul2nwRes
	Absorbed in DRX wakeup timeline
	Absorbed in DRX wakeup timeline


Based on these parameters, the power add-on due to transmitting UL reference signal, PUL-reference are 170mA.ms and 7mA.ms per DRX wakeup for set-point A and B, respectively. We estimate all other UL mobility specific power add-ons, PUL-misc., including power to turn on Tx RF circuitry, power for receiving NW response, etc., to amount to 100mA.ms per DRX wakeup. 

Table A-5 UL mobility power add-ons
	UL mobility power add-on
	Set-point A
	Set-point B

	PUL-reference
	170 mA.ms per DRX-wakeup
	7 mA.ms per DRX-wakeup

	PUL-misc.(includes Tx-RF circuit, NW resp. Rx, etc.)
	100 mA.ms per DRX-wakeup
	100 mA.ms per DRX-wakeup

	PUL-add-ons
	270 mA.ms per DRX-wakeup
	107 mA.ms per DRX-wakeup


17.x.x.3.2 Comparative UE Power Analysis between UL and DL Mobility
The UE power consumption under UL and DL mobility can be written as for every DRX cycle:

· PUL-mobility = Psleep + PDRX-wakeup + PUL-add-ons
· PDL-mobility = Psleep + ηPDRX-wakeup + f*DRX_Cycle*Pneighbour-search
In these equations η denotes the number of times DL mobility UE has to wake up, compared to UL mobility UE to match its paging miss. Also, f, represent the number of neighbour cell searches per second that DL mobility has to do.

Two scenarios will be considered next. Table A-6 shows UE power consumptions under a benign low mobility setting where DL and UL mobility UEs will wake up with the same DRX periodicity of 1.28sec and DL mobility perform no neighbour cell searches, i.e., η = 1 and f = 0. As the expected, UL mobility entails some loss as such benign low mobility is ideal for DL mobility, however the losses are moderate (4.2% to 10.8%).

Table A-6. UE power consumption under benign low mobility scenario, i.e., η = 1 and f = 0

	Benign low mobility scenario (η = 1 and f = 0)
	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%


Next we consider more challenging mobility scenarios. Figure A-5 summarized the performance comparison of UL and DL mobility for “Rural with high speed UEs” (a.k.a., Highway) and “High speed train” scenarios.

As can be seen, 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%, i.e., η = 4 and f = 0.27. Table A-7 shows UE power consumptions for this scenario. In other words, UL mobility shows gains of 52.5% to 55.6% compared to DL mobility in Rural with high speed UE.
Table A-7. UE power consumption under Rural with high speed UEs, i.e., η = 4 and f = 0.27 
	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%


As Figure A-5 shows, for High-speed train, the DL mobility has to wake up even more frequently to maintain a paging miss rate comparable to UL based, if possible at all. Hence the UL mobility gains in UE power consumption compared to DL mobility is even larger than that of “Rural with high speed UEs.”

17.x.x.3.3 Observations
This simulation study compares UE power consumption under UL and DL mobility by estimating power factors specific to UL and DL based mobility and adding them to a baseline UE DRX-wakeup and sleep power consumptions. Our analysis shows significant advantage (i.e., 50.2% to 53.2%) of UL over DL mobility for “Rural with high speed UEs” and a larger gain for “High speed train” scenario with respect to UE power consumption. UL mobility entails some loss compared to DL mobility for benign low mobility scenarios, but these losses are moderate (i.e., 4.2% to 10.8%). A hybrid mobility which adaptively switches between UL and DL mobility can provide best of the two approaches.

Observation: In mobility challenging scenario, to achieve the same paging reliability, UL based mobility can reduce the UE power consumption compared to DL based mobility.

17.x.x.4 Power Analysis between UL and DL-based Mobility
Table A-3 gives system-level evaluation assumptions for the dense urban scenario used in this simulation study. The assumptions closely follow those of the dense urban in [X], with one modification. Whereas the dense urban in [X] consists of two layer, one Macro hexagonal grid with ISD of 200m and one Micro layer with 9 micro TRPs randomly dropped per macro TRP, our model consists only of one Macro hexagonal grid but with a smaller ISD of 67m. This modification makes the two model comparable in terms of number of TRPs per unit area. 
17.x.x.4.1 DL-based mobility performance analysis
Figure A-7 shows paging-miss, cell-search and cell-reselection rates as a function of cell-search RSRQ threshold under DL-based mobility for dense urban and RRC-CONNECTED Inactive state. As the figure shows, DL-based mobility’s paging miss is unacceptably high, e.g., 26.0% for a DRX of 1.28 seconds and at a threshold of -2dB, even after taking into account the deployment’s 3.6% paging coverage hole. Increasing cell-search threshold reduces paging-miss rate at the cost of increasing cell-search rate and hence UE power consumption (see [2] for a detailed comparative UE power analysis under UL- and DL-based mobility). There is a limit to how low the paging-miss can be pushed, however, e.g., for a DRX of 1.28 seconds and at a threshold of -2dB, cell-search is performed in 89.5% of DRX wake-ups. 
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Figure A-7. Paging-miss rate for DL-based mobility for dense urban scenario

Figure A-8 shows paging-miss and handoff rate (per DRX) as a function of L3 (1st-order IIR) filter’s coefficient, i.e., alpha. Note that alpha values of 0.33, 0.5, 0.67 and 0.8 roughly correspond to moving averages over 5, 4, 3 and 2 L1 measurements. As the figure shows although increasing alpha reduces paging-miss rate, the reduction is not nearly enough, e.g., for an alpha of 0.8, i.e., averaging over only two DRX cycles, the paging miss is still above 20%. Less L3 filtering also makes DL-based mobility more prone to measurement noise. 
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Figure A-8. Paging-miss rate for DL-based mobility for dense urban scenario as a function of L3 filtering 1st-order IIR filter coefficient
Figure A-9 shows paging-miss and handoff rate (per DRX) as a function of cell-reselection hysteresis. As the figure shows lowering the hysteresis reduces paging-miss, but not nearly enough. In fact eliminating hysteresis all together, i.e., 0dB hysteresis, only reduces the paging-miss to 21.7%. Note from the figure that using very small hysteresis values makes DL-based mobility more prone to ping-pong handoffs and measurement noise.
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Figure A-9. Paging-miss rate for DL-based mobility for dense urban scenario as a function of cell-reselection criteria’s hysteresis
Reducing paging-miss rate any further requires reducing the DRX-cycle. As Figure A-10 shows reducing DRX-cycle from 1.28s to 160ms allows the paging-miss to be reduced from 26.0% to 11.9% (for a cell-reselection threshold of -2dB, alpha of 0.33 and hysteresis of 1dB) which is still unacceptably high even taking into account deployment’s 3.6% paging coverage hole. Note that reduced DRX cycle however increases UE wake-up the cell-search rate and hence UE power consumption (see [2].) Note also that the figure shows the paging-miss and cell-reselection rates per DRX wakeup. 
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Figure A-10. Paging-miss and handoff rate (per DRX) for DL-based mobility for dense urban scenario as a function of DRX cycle
17.x.x.4.2 UL-based mobility performance analysis
Figure A-11 shows paging-miss, cell-search and cell-reselection rates as a function of cell-search RSRQ threshold under UL-based mobility for dense urban scenario and RRC-CONNECTED Inactive state. As figure shows paging-miss rate under UL-based mobility can be made much lower, e.g., 6.1% for a cell-search threshold of -3dB (only 2.4% above deployment’s paging coverage hole of 3.7%), compared to 26.0% for DL-based mobility (at same DRX cycle of 1.28s). Note also that while cell-search rate is high, it is carried out by the Network, hence it is not negatively impacting the UE power consumption. Also, the cell-search rate at Network may be 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.
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Figure A-11. Paging-miss rate for UL-based mobility for dense urban scenario
Figure A-12 compares paging-miss rates for UL and DL-based mobility for dense urban deployment scenario. 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. 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 reference signals.
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Figure A-12. Comparison of UL and DL-based mobility paging-miss and DL cell-search rates, dense urban scenario 
17.x.x.4.3 Observations
In this simulation study, performance analysis for DL and UL based mobility procedures in RRC-CONNECTED inactive state for a dense urban scenario is provided. 

Observation: UL-based mobility provides benefits over DL-based mobility for dense urban in terms of increased reliability (i.e., reduced paging-miss rate) and reduced cell-search at UE which affects UE power consumption and computational complexity
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