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1   Introduction
A new RAN state, namely “inactive state” is under discussion for NR. The following agreements were made regarding this state in RAN2 [1], [2]; 
RAN2#94:

Agreements:
1. Study the introduction of a RAN controlled “state” characterised by, at least:
a. UEs in RAN controlled state should incur minimum signalling, minimise power consumption, minimise 
resource costs in the RAN/CN making it possible to maximise the number of UEs utilising (and 
benefitting from) this state
b. Able to start data transfer with low delay (as required by RAN requirements)
    FFS whether data transfer is by leaving the "state" or data transfer can occur within the "state"
    FFS whether "state" translates to an RRC state

Potential characteristics of the RAN controlled “state” for study:
      a. the CN/RAN connection is maintained
      b. AS context stored in RAN
      c. Network knows the UE's location within an area and UE performs mobility within that area 
without notifying the network.
      d. RAN can trigger paging of UEs which are in the RAN controlled "inactive state"
      e. No dedicated resources

Further, the following agreements were made regarding mobility procedures in inactive state; 
RAN2#95bis:

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.
In this contribution, we discuss the mobility considerations for this new RAN state and also present signalling, power consumption analysis for the same.
2   Discussion
2.1   Mobility-related requirements
The various requirements for NR are stated in [3]. Some of these requirements which impact the inactive mode UE mobility operation for NR (directly or indirectly) are given below: 
· The mobility speed target should be 500km/h.
· The target for UE battery life beyond 10 years, 15 years is desirable.
· The target for connection density should be 1,000,000 device/km2 in urban environment.
We next discuss the various mobility mechanisms being considered for this new RAN state. 

2.2   DL-based Mobility for Inactive Mode

The downlink measurement based UE mobility (i.e. PSS/SSS/CRS based) has been studied extensively in different LTE study items like NB-IoT, and it has already been observed that downlink measurement based UE mobility can meet most of the above stated requirements (e.g. UE speed, power consumption, connection density) for idle mode operation. 

The inactive state in NR is an intermediate state between Idle and Connected modes where the UE context is stored in the RAN and is valid within an area defined as the DL RAN tracking area. This area is expected to be smaller in size when compared to the MME Tracking area which is used for LTE Idle mode mobility operations. Furthermore, a large number of UEs are expected to be in this new power-saving state. Considering these new changes, the following enhancements can improve the performance of DL-based mobility in NR.
Paging Reliability
SFN-based transmissions can be considered for TRPs within the DL RAN tracking area in order to improve the paging reliability. While SFN-based transmissions may be difficult to support in above-6GHz due to the complex beam management procedures across TRPs [7], it is however a potential candidate for enhancing the system performance in sub-6GHz spectrum. Also, the geometry gains achieved by SFN-based transmissions are significant as shown by numerous studies and can also be applied for paging procedures. Longer cyclic prefixes may be used to support such SFN-based transmissions and realize the potential gains. 
Paging Load 
Since the UE context, that is available in this new inactive state, is valid within a smaller area (DL RAN tracking area), the number of UEs within this particular area is also less when compared to the LTE MME Tracking area. Hence managing the paging load is now less complex as compared to LTE. Also, the flexible configuration of DL RAN tracking area, which is discussed in RAN2, can further help in better managing the paging load. In addition, other enhancements for reducing the paging load such as hierarchical paging can also be studied for enhancing the DL mobility in NR.
NB-IoT has already shown that DL-based mobility can work with a large number of UEs (about 50,000 devices per cell sector [9]) as compared to LTE. Also, the user plane CIoT optimizations in NB-IoT (which is similar in principle to inactive mode in NR) show that DL mobility can successfully work well even for NR inactive state. 
Power Consumption Requirements

It is an essential requirement that the UEs spend as less power as possible in the inactive mode (at least compared to LTE IDLE mode). As shown in the analysis below, the power consumption for DL-based mobility is lesser when compared to the UL-based mobility, (which is being projected as an alternative to the existing DL mobility solution) across a wide variety of scenarios. 
Considering the above design aspects for NR, requirements for new NR state (inactive mode) and potential enhancements for mobility procedures, it is expected that DL-based mobility can sufficiently support UE mobility in inactive state.

Observation 1: DL-based mobility can sufficiently support UE mobility in the NR inactive state.
2.3   UL Measurement-based Mobility for inactive mode
Uplink measurement based UE mobility scheme for inactive mode is presented in [4] and [5]. For UL measurement based mobility, network configures UE with UL resources within a configured area (called UL tracking area), within which UE performs regular UL tracking signal transmission. This signal can be used to determine UE’s position (e.g. cell/TRP/beam level). Network, in turn, uses the determined UE position to correspondingly send the paging message for the given UE, only in the identified area (e.g. cell/TRP/beam) where it previously received the UL tracking signal. When the UE moves out of coverage of the UL tracking area, the UE performs a UL tracking area update procedure (similar to DL RAN tracking area update) in order to get new configuration for continuing with UL measurement based mobility. 
The following issues must first be addressed before further analysis about UL mobility can be performed. 

UL Tracking Area Update
The UL tracking area is defined as a set of TRPs which are all synchronized. Inside each UL tracking area, a UE needs a different signal to identify that the UL tracking area has changed and to make measurements thereafter. Furthermore, the success of this procedure depends on the frequency of the UL tracking signal transmission, the UE speed, network deployments, the success probability of decoding the network response etc. As shown in the analysis below, the performance of UL mobility schemes significantly depends on the size of the UL tracking area in relation to the cell size. Furthermore, when the UE is moving away from the UL tracking area, it is not clear how the NW identifies this change and how the NW can resolve the confusion in cases where several tracking areas overlap. 
Observation 2: UL mobility performance depends on the UL tracking area definition in relation to the cell size.
Network Feedback

The network feedback operation involves the network sending an acknowledgement (along with paging message) for each UL tracking signal transmission by the UE [4]. Most gains for UL mobility seem to be achieved due to the SFN-based assumptions [4], [6]. However, these design aspects can also improve the DL mobility performance as stated earlier. Hence, it is not clear if this is the main advantage of UL mobility. Also, as discussed in [9], a synch sequence is needed as response to the UL tracking signal such that the detection works well even under poor radio conditions (similar to the synch sequences used for initial access which work at low signal levels as well). A proper design for this synch sequence is therefore necessary and the overhead for this mechanism must be accounted for in the mobility procedure comparisons.
Resource Allocation

UL tracking signal resources can be allocated uniquely per UE or shared by a group of UEs, within an area. Inactive state is power saving state for the UE, so large number UEs will exist in this state and if resources for UL tracking signals are uniquely allocated then this may imply shortage of resources for UL data transmission for UEs in connected state. However, when resources are shared by a group of UEs, the network may not be able to reliably identify the UE’s position to a single cell/TRP/beam. Furthermore, it is not yet clear whether or not this can be supported via contention-based mechanisms as RAN1 has not yet concluded on the performance on contention-based/ grant-free transmission schemes. When this contention-based procedure fails, it may result in multiple paging messages of a single UE being sent to different cells/TRPs/beams due to lower position accuracy.
Observation 3: UL mobility performance is highly dependent on the success of contention-based procedures.
Timing Alignment
If the timing alignment for the UL tracking signal is not available a priori, then the UL tracking signal cannot be decoded by the NW appropriately. For the purposes of gathering the TA for UL tracking signal purposes, the UE will have to perform RACH-type procedures which will increase the UE power consumption. This requirement again suggests the sub-optimal performance of UL-based mobility when compared to the DL-based solution.
The above mentioned aspects should be considered by RAN1 for reliable evaluation of the UL measurement based inactive mode mobility scheme before prematurely concluding that UL mobility works for NR. 

Considering the above discussion, we make the following proposal; 
Proposal 1: 
· RAN1 should study DL mobility procedures’ performance in NR inactive state with priority
· RAN1 should consider UL mobility only after concluding about the performance of contention-based procedures.
2.4   Power Consumption Analysis

This section provides the power consumption model used for UL based mobility and DL based mobility.

For DL based mobility, UE is expected to perform following operations:

1) Synchronization: UE decodes synchronization signals from the serving cell/TRP every DRX cycle before its configured paging occasion (PO). UE spends about 8 subframes for synchronization.

2) Serving cell/TRP measurements: UE estimates the signal strength of the serving cell/TRP to check if the serving cell is suitable to camp on.

3) Paging reception: UE decodes PDCCH in its configured paging occasion in order to receive the paging message.
4) Cell-reselection measurements: UE performs cell-reselection measurements if serving cell signal strength is below a certain threshold configured by the network. It may involve both intra-frequency and inter-frequency measurements.

For UL based mobility, UE performs following operations:

5) Synchronization: Similar to DL based mobility

6) Serving cell/TRP measurements: Serving cell/TRP measurements are required at least for tracking signal transmission power adjustment, neighbour cell search criteria, etc. 

7) UL Tracking Signal Transmission: UE periodically transmits UL tracking signal which can be tracked by multiple TRPs. For this paper we assume that periodicity of tracking signal transmission is same as DRX cycle used for DL based mobility.

8) Network Monitoring: DL control monitoring for network feedback/acknowledgement and paging message reception. We assume that UE immediately starts network monitoring after transmission of UL tracking signal.

9) Zone change measurements: UE performs cell measurements required for zone change if serving zone signal strength is below a certain threshold which configured by the network. It may involve for intra-frequency and inter-frequency measurements.

Note from the above assumptions, for UL measurements based mobility, UE is required to perform cell search (or cell re-selection) measurements only when UL tracking area changes. While DL based mobility procedure requires UE to perform these measurements after each NR cell change operation. The size of UL tracking area and NR cell can be different.

Based on the above assumptions, the energy consumption (in mW-sec) for the DL based mobility and UL based mobility per DRX cycle can be estimated as:

PDL = Psleep + Pramp + Psync + Pserv + PPagingRx + freselect-meas*Preselect-meas,

PUL = Psleep + Pramp + Psync + Pserv + PTrackingTx + PAckRx + fzone-meas*Pzone-meas,

Where, freselect-meas and fzone-meas represent the rate at with which UE performs cell reselection measurements for DL based mobility and zone change measurements for UL based mobility, respectively. For very low signal strength threshold values to start intra-frequency measurement, it is expected that these values would be similar to rate of cell changes and UL Tracking Area changes UE experience while mobbing through the network. 

In these equations, some parameters are common to both UL based mobility and DL based mobility, Pramp indicates the energy spent on ramp up and ramp down operation for each DRX operation, Psleep is the idle mode sleep energy per DRX cycle, Psync is the energy spent on acquiring synchronization signal and Pserv is the energy spent on serving cell/TRP measurements. PPagingRx and Preselect-meas are power consumption due to receiving paging message and performing cell-reselection measurements and are applicable only for DL based mobility. PTrackingTx, PAckRx and Pzone-meas are the power consumption for tracking signal transmission, network response monitoring, and zone change measurements, respectively.
As, zone change procedure may involve finding the best cell for UE to camp on and subsequently connect to the target cell to retrieve UL based mobility configuration, we assume that Pzone-meas and Preselect-meas will have similar power consumption values. The major impact in the overall power consumption of the UE will be dependent on size of UL Tracking Area in comparison to NR cell. If UL Tracking Area has smaller size as compared NR cell, we expect that UE will have to perform zone-change measurements more frequently, which will lead to overall higher power consumption. While, larger size of UL Tracking Area as compared to NR cell may reduce the power consumption of the UE due to cell change measurements. Note that, we have not considered the impact of UL Tracking Area update procedure (signalling such as new resources for UL valid within this zone, new UE_ID etc) and RAN tracking update procedure on the power consumption of the UE.
Note that, for the analysis we assume that DTX cycle for UL based mobility (i.e. tracking signal periodicity) is same as DRX cycle for DL based mobility.

Table 1 Power Consumption Model [3]
	
	Value                              Unit

	DRX cycle
	0.64, 2.56
	Sec

	Sync duration
	8
	ms

	Ramp up
	10
	ms

	Ramp down
	5
	ms

	NW monitoring time
	1
	ms

	UL RS transmit time
	1 
	ms

	DL RS measurement duration
	5
	ms

	Power model (Tx, Rx, sleep) (TR 45.820)
	545, 90, 3
	mW


NW monitoring time, i.e. the monitoring time for UE to receive network’s response for the UL tracking signal, is assumed to be 1 ms (from the time UE sends UL tracking signal). The value is assumed in consideration of latency arising from paging signalling exchanged between TRP and gNB after receiving UE tracking signal. UL tracking signal duration is taken to be 1ms (similar to LTE RACH preamble format 0).
The parameter values used for the power consumption analysis are derived from Table 1 and are provided below.

Active_TimeDL = Ramp_UP + RAMP_Down + Sync + TRP measurements + Paging =29 ms
Active_TimeUL = Ramp_UP + RAMP_Down + Sync + TRP measurements + Tracking Signal + NW Monitoring = 29.07 ms

Psleep = 3mW * (DRX cycle – Active Time)

PRamp =  (90+3)/2 * (10+5) = 697.5 mW.ms

Psync = 90 * 8 = 720 mW.ms

Pserv = 90 * 5 = 450 mW.ms

PPagingRx = 90 * 1 = 90 mW.ms (paging subframe = 1ms)

Preselect-meas = 90 * 100  = 9000 mW.ms (cell reselection time is assumed as 100 ms [4])

PTrackingTx = 545 * 1 = 545 mW.ms 

PAckRx = 90 * 1 = 90 mW.ms

Pzone-meas = 90 *100  = 9000 mW.ms (zone change measurement will be same order of cell change measurements)
freselect-meas = x cell changes/sec * DRX cycle 

fzone-meas = NUL * x zone changes/sec * DRX cycle (assuming n zones comprises 1 cell) 

We assume cell size of 866m for the analysis, and the two UE speeds of 3km/hr and 120 km/hr. The associated number of cell change rate (‘x’) is 1.732 and 69.284 per hour [5]. Here, NUL represents number of UL Tracking Areas contained within one NR cell. We consider two values for ‘NUL’, i.e. 5 and 0.2, where value 0.2 indicates that each UL Tracking Area contains 5 NR cells on average. Note that the size of zone with respect to the cell size depends on the TRP synchronization requirements and is yet to be defined. 
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 \* MERGEFORMAT  and  provide the energy consumption values comparing DL based mobility and UL based mobility for different UE speeds and DRX cycles. It can be observed that for higher UE mobility, the energy consumption values are dependent on relative size difference between UL Tracking Area and NR cell. While for the case of low UE speed, the energy consumption of UL based mobility is slightly higher than the DL based mobility, mainly because of extra uplink transmission operation being performed by UL based mobility procedure.
Table 2 UE energy consumption comparison for DRX=640ms
	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

	energy consumption overhead for UL mobility
	14.58%
	14.23%
	19.85%
	12.93%
	25.26%
	11.62%


Table 3 UE energy consumption comparison for DRX=2560ms
	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

	energy consumption overhead for UL mobility
	6.13%
	5.57%
	14.6%
	3.73%
	23.17%
	1.87%


Observation 4: UL measurement based mobility consumes more power than DL measurement based mobility.

Impact of Contention-based resources

The above analysis does not incorporate the impact of contention based resources usage for UL tracking signal transmission. Due to potential collisions that may happen during the transmissions of UL tracking signal on common resources, these power levels for UL mobility are expected to be higher. A complete analysis of the UL mobility should be performed on a system level, where multiple UEs are present in the inactive state and are transmitting UL tracking signal over a fixed set of resources.

2.5   Signalling Overhead Analysis

In this section, we try to estimate the network signalling overhead incurred due to operation of UL based mobility and DL based mobility. For the analysis, we assume that a RAN tracking area consists of KTA TRPs. 

In DL based mobility, the total number of network signalling can be estimated based on the assumption that the MME sends paging message of a UE to all the TRPs within the RAN tracking area, which is then subsequently transmitted by all the given TRPs in the configured paging occasion of the paged UE. The total number of X2 signalling messages for such operation for each paging message (where a paging message may contain ids for multiple UEs) is KTA. If UE receives a paging message with rate given by Npage messages/sec, then the network signalling overhead is given by

DL Mobility Signalling Overhead (X2+air) = 2 * KTA * Npage

DL Mobility Signalling Overhead (X2) = KTA * Npage

For UL based mobility, following operations are considered for analysis:

1) UE transmits UL tracking signal in its configured DTX cycle:

a. If DTX cycle of the UE is TDRX sec, then amount of radio signalling overhead per second per UE is 1/TDTX
2) TRPs, which receive the UL tracking signal, reports the UL tracking signal reception to the centralized unit 

a. Assuming K TRPs receive the UL tracking signal, then amount of signalling overhead per second per UE is K/TDTX
3) The centralized unit sends acknowledgment to the TRPs which received the UL tracking signal. If a paging message for the UE is available with centralized unit, then the paging message is sent (along with the acknowledgment) to one or more of the TRPs which reported the UL tracking signal. 

a. If K TRPs reported the UL tracking signal, then amount of signalling overhead per second per UE is K/TDTX.

4) The network acknowledgment (along with paging message if available) is transmitted by the TRPs which received the UL tracking signal from the UE.

a. Assuming that only one TRP sends the response to UE, the radio signalling overhead per sec per UE is 1/TDTX
The overall signalling overhead for UL based mobility is estimated as,

UL Mobility Signalling Overhead (X2+air) = 2 * (K+1) / TDTX
UL Mobility Signalling Overhead (X2) = 2 * K / TDTX
Note that, above analysis does not include extra network signalling due to tracking area update and UL Tracking Area update procedures, which may impact the overall signalling overhead based on the relative size of UL Tracking Area and RAN tracking area.

Figure 1,2,3,4 show the network signalling overhead gain (in terms on number of network messages passed per second) for UL based mobility in comparison to DL based mobility for different values of paging message arrival rate per UE. The DTX cycle assumed is 640 ms.

  

 SHAPE  \* MERGEFORMAT  [image: image1.png]Number of Network Signalling/Second

18

16

14

12

10

2

0

——DL Mobility ——UL Mobility

_—  —
F & & &L PP P&
FTFFIEFTSFIT ST ES

Paging Messages Per Second Per UE

L
o
S
Q‘D Q‘o




  [image: image2.png]Number of Network Signalling/Second

18

16

14

12

10

2

0

——DL Mobility ——UL Mobility

u u u T T u T T T T T
3 \2 < > o N © 9 O > N
L N N N N > 3 )V P> {0 o
SEFTIFTEFLFFLFFLEE S
Q Q Q Q Q Q AN} ) ) ) )

Paging Messages Per Second Per UE

o





 [image: image3.png]Number of Network Signalling/Second

70

60

50

40

30

20

10

0

——DL Mobility ——UL Mobility

F & & &L PP P&
FTFFIEFTSFIT ST ES

Paging Messages Per Second Per UE

L
o
S
Q‘D Q‘o




 

 SHAPE  \* MERGEFORMAT  [image: image4.png]Number of Network Signalling/Second

70

60

50

40

30

20

10

0

——DL Mobility ——UL Mobility

u u u u u u T T u T T
3 \2 < > o N © 9 O > N

L N N N N > 3 )V P> {0 o
SEFTIFTEFLFFLFFLEE S
Q Q Q Q Q Q AN} ) ) ) )

Paging Messages Per Second Per UE

o




 
It can be observed from the figures that UL base mobility incurs higher signalling overhead as compared to DL based mobility for lower values of paging arrival rate. But, the overall gain in signalling overhead reductions for DL based mobility, as compared to UL based mobility, reduces marginally as the paging arrival rate or the size of RAN tracking area increases. Note that, lower DTX cycle values are expected to increase the network signalling for UL based mobility.

Observation 5:  The signalling overhead for UL measurement based mobility is higher than that of DL based mobility. 

3   Summary
In this contribution, we discuss different aspects of UE mobility for inactive mode. Following observations and proposals are made;
Observation 1: DL-based mobility can sufficiently support UE mobility in the NR inactive state.
Observation 2: UL mobility performance depends on the UL tracking area definition in relation to the cell size.
Observation 3: UL mobility performance is highly dependent on the success of contention-based procedures.
Observation 4: UL measurement based mobility consumes more power than DL measurement based mobility. 
Observation 5: The signaling overhead for UL measurement based mobility is higher than that of DL based mobility.
Proposal 1: 
· RAN1 should study DL mobility procedures’ performance in NR inactive state with priority
· RAN1 should consider UL mobility only after concluding about the performance of contention-based procedures.
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