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1	Introduction
In RAN2-113e meeting it is agreed that to further analyse the paging capacity of IoT-NTN based on the proposals agreed in [2]. In this paper we provide paging capacity analysis for NTN cells of different cell coverage to meet the required paging arrival rate for IoT-NTN devices. Extended coverage and mobility scenarios are also analysed in this document. Draft TP for TR.36.373 is also included as Annexure A. This is revision of R2-2105223 with updates to section 7.3.3.2 for modification in paging capacity calculations.
2	Paging Capacity for IoT-NTN
In RAN2-113e meeting it is agreed that companies can further provide evaluation results based on the proposals of e-mail discussion summary [1]. The main proposals for the paging capacity evaluation agreed are
· The baseline for the paging capacity evaluation is the methodology used in TR 38.821.
· The following aspects are considered in addition to the baseline when evaluating the paging capacity for NB-IoT/LTE-M devices:
· Number of paging narrowbands and paging carriers with equal weight
· Paging over multiple TAs
· Paging over larger cells
· Network Command traffic model in section E.2.3 in TR 45.820 is used when evaluating the paging capacity for NB-IoT and LTE-M in IoT NTN scenarios.
· The following metrics are used when evaluating the paging capacity for NB-IoT and LTE-M:
· whether paging capacity meets the expected traffic models for a given UE density and cell size as in TR 38.821.
· paging load in terms of number of paging per second for a given UE density and cell size as in TR 38.821.
2.1 UE Density Assumption for IoT-NTN cell
For paging capacity calculations UE density of 400 users /sqkm is assumed with cell radius depending on the NTN cell coverage. Table 1 provides numbers for different LEO, GEO and MEO NTN cell deployments.
	satellite beam diameter [km]
	LEO 
50
	LEO
1700
	GEO
3500
	MEO
4018

	UEs per beam (max. density)
	78560
	90792040
	384845120
	507188920


[bookmark: _Ref71457771]Table 1 UE density as a function of satellite beam diameter.
2.2 Paging Capacity Calculation
The paging capacity of IoT network depends on the paging configuration of the cell. The configuration parameters affecting the paging capacity are 
· Maximum number of repetitions for paging search space.
· Number of PF per DRX cycles. (NB)
· Number of PO per PF.
In IoT networks, the NB value which defines the spacing between paging occasions needs to ensure that there is no overlap of paging search-space between paging occasions. If cell is configured with large number of repetitions for paging search space there will be corresponding reduction in the NB value to avoid the above situation.
For paging capacity calculation the following values in Table 2 are assumed. NB value is reduced according to the maximum coverage needed for the paging channel. This is based on the assumption that around 10% the users will require higher repetition level. When paging message includes paging for extended coverage the paging transmission is extended for multiple paging occasions and it will not be possible to schedule on interim paging occasions. Moreover this also lead to false wake-up of UE of other paging occasions.
	Parameter 
	Value

	Number of Paging records per paging message
	16

	DRX Cycle
	1024

	NB 
	4T, T, T/16 (Note )

	Number of Repetitions 
	1, 4,128

	Note:  Number of paging occasions are reduced according to Rmax of the paging search space. This is to minimize the impact of higher coverage UE paging in successive paging occasions.


[bookmark: _Ref71457743]Table 2 NB-IoT paging parameters.

For the above configuration the number of paging occasions per second were calculated based on the NB value which depends on the number of repetitions. In case of 4T there will be 4 PO for every 10 msec and it will be 1 PO for every 10 msec in case of T.
The paging capacity of a cell based on the above configuration for different repetition values is given below in Table 3. The paging capacity is defined as the number of paging messages /sec that can be delivered by the network without any additional delay for waiting to next paging occasion.
	Maximum number of Repetitions
	Number of paging occasions per radio frame
	Paging capacity : Paging messages/ Second

	1
	4
	6400

	4
	1
	1600

	128
	1/16
	100


[bookmark: _Ref71457837]Table 3 Paging Capacity calculation for different coverage extension scenarios.

Observation 1: Paging capacity of IoT paging carrier reduces significantly if coverage extension is required 

2.3 Paging Load Estimation for IoT-NTN
For MT traffic of IOT devices NW command traffic model specified in TR45.820 is assumed (see Table 4).

	Characteristic
	

	Application payload size distribution
	Pareto distribution with shape parameter alpha = 2.5 and minimum application payload size = 20 bytes with a cut off of 200 bytes i.e. payloads higher than 200 bytes are assumed to be 200 bytes.

	Periodic inter-arrival time
	Split of inter-arrival time periodicity for MAR periodic is: 1 day (40%), 2 hours (40%), 1 hour (15%), and 30 minutes (5%)


[bookmark: _Ref71457898]Table 4 NW Command traffic model
Assuming each of the network commands requires one paging message, the paging load for IoT NTN cell having different coverage area for UE density of 400 user /sqkm is given in the below Table 5.
	satellite beam diameter [km]
	LEO 
50
	LEO
1700
	GEO
3500
	MEO
4018

	Estimated Paging Traffic (Paging/Second)
	100
	117690
	498870
	657460


[bookmark: _Ref71458040]Table 5 Paging Traffic calculation for IoT-NTN scenarios.

2.4 Analysis on Paging Capacity Requirements for IoT-NTN scenario
Based on the paging capacity (Table 3) and paging traffic information (Table 5) given in the above sections, the paging capacity cannot meet the expected paging traffic for IoT-NTN cells with large cell radius (LEO 1700 km, GEO 3500 km and MEO 4018 km) with the assumed user density of 40 users per sqkm.
Observation 2: The paging capacity of single IoT-NTN carrier is not sufficient to handle the paging load of NTN cell having larger cell radius above 850 km without coverage extension.
With additional non-anchor carriers, the paging load of NTN cell can be increased up to 16 times. The paging capacity of cell with one anchor carrier and 15 non-anchor carriers is given in below Table 6.
	Maximum number of Repetitions
	Number of paging occasion per radio frame
	Paging capacity : Paging messages/ Second per carrier
	Paging Capacity: With all paging carriers (16)

	1
	4
	6400
	102800

	4
	1
	1600
	25600

	128
	1/16
	100
	1600


[bookmark: _Ref71458224]Table 6 Paging Capacity calculation for Full Capacity (All paging carriers)
With Full paging capacity with maximum paging carriers, the paging capacity can be met only if all the UE served by the cell are in normal coverage. 
Observation 3: The paging capacity can handle the expected paging traffic with additional paging carriers for all larger cell cases for normal coverage scenario.
Even with the full capacity of NB-IoT cell with 16 carriers, the paging load corresponds to the camped users cannot be met for some larger cell radius scenarios. For example, if 4 repetitions are used per PO the GEO and MEO capacities are insufficient, while the LEO scenarios can be handled.
Observation 4: If extended coverage is to be supported the paging load cannot be met even with full paging capacity of the cell for some IoT-NTN cell with larger radius.
Figure 1  provides an illustration of the impact of user density (1, 10 and 40 per square kilometer) for various cell diameters. The dashed lines indicate the paging capacity per second given in Table 6. The large GEO and MEO cells will be challenged if they have to support a high user density with coverage enhancement. 
[image: ]
[bookmark: _Ref71459479]Figure 1 Paging messages per second as a function of cell diameter and user density. Dashed lines indicate paging capacity as a function of repetitions and number of POs per PF.
Figure 2 contains an evaluation of the number of carriers required to support the paging as a function of cell diameter and UE density. The evaluation is made for a scenario using 4 repetitions and 1 PO per PF. 
[image: ]
[bookmark: _Ref71459685]Figure 2 Number of carriers needed for paging support.
If the paging over tracking area rather than on the last connected cell is considered for the paging traffic, the offered load increases linearly with the number of cells paging in the tracking area. If the network applies paging strategy of step wise paging of paging in last connected cell followed by paging over tracking area, the paging traffic considering tracking area wide paging for paging retransmission does not increase drastically compared to the scenario of paging in tracking area directly for the first paging. 
In case of mobile IoT devices in NTN cell direct paging over complete tracking area may be required to avoid the paging delay. In this scenario the expected paging traffic increases based on number of cells per tracking area. The increase of offered paging load also depend on the percentage of mobile IoT-NTN devices within network.
Observation 5: For mobile IoT devices the estimated paging traffic increases significantly based on the number of cells per tracking area.
Observation 6: Paging capacity requirements of IoT-NTN depends on the percentage of mobile devices within connection density of the network.
As per above analysis, the paging capacity is impacted based on the following key factors.
· Ratio of users between normal coverage and extended coverage is important factor impacting the paging capacity as the paging to extended coverage uses the possibility of scheduling normal users in multiple paging occasions.
· Tracking area wide paging impacts the paging load significantly. Tracking area wide paging for the first paging message is required only for UE with high mobility. Ratio of mobile users within the IoT-NTN devices served will have direct impact on the paging capacity.
· Analysis considered 16 carriers per cell to calculate the maximum paging capacity possible. Eventhough this number is possible from specification, In actual deployments the number of carriers depends on the allocated bandwidth for IoT operation. So we expect the practical limitation for additional carriers in NB-IoT/eMTC cell as 5-6.
Proposal 1: Impact of extended coverage on paging capacity should be considered while determining the maximum coverage extension for IoT-NTN cell.
Proposal 2: Tracking area dimensioning of IoT-NTN network shall consider the percentage of mobile IoT devices within system and its impact on paging capacity.
In Annexure A we have provided the text proposal for TR36.373 for paging capacity sub-section where we have included the paging capacity calculation for the cell size and user density numbers used in TR-38.3821 for NR-NTN Study. This analysis is inline with the proposals agreed for capacity evaluation in [2]. Hence we propose to consider the TP for inclusion in TR36.373.
Proposal 3: The text proposal given in Annexure A is considered for inclusion in TR 36.373

3	Conclusion
Observation 1: Paging capacity of IoT paging carrier reduces significantly for extended coverage scenarios.
Observation 2: The paging capacity of single IoT-NTN carrier is not sufficient to handle the paging load of NTN cell having larger cell radius above 850 km for normal coverage scenarios.
Observation 3: The paging capacity can handle the expected paging traffic with additional paging carriers for all larger cell cases for normal coverage scenario.
Observation 4: If extended coverage is to be supported the paging load cannot be met even with full paging capacity of the cell for some IoT-NTN cell with larger radius.
Observation 5: For mobile IoT devices the estimated paging traffic increases significantly based on the number of cells per tracking area.
Observation 6: Paging capacity requirements of IoT-NTN depends on the percentage of mobile devices within connection density of the network.
Proposal 1: Impact of extended coverage on paging capacity should be considered while determining the maximum coverage extension for IoT-NTN cell.
Proposal 2: Tracking area dimensioning of IoT-NTN network shall consider the percentage of mobile IoT devices within system and its impact on paging capacity.
Proposal 3: The text proposal given in Annexure A is considered for inclusion in TR 36.373
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Annexure : Text Proposal for TR36.373

7.3.3	Paging capacity
[bookmark: _Toc26621019][bookmark: _Toc30079831]7.3.3.1	Parameters for Paging Capacity Calculation 

Following are the parameters used to calculate the paging capacity of IoT-NTN cells..
-	Paging Frames (PF) per second: 
-	Paging Occasions (PO) per PF: 
-	Maximum number of paging records in paging message: 
Out of the above parameters, number of PF and number of PO are based on DRX cycle configuration, NB value configured in system information of NB-IoT and eMTC cell.  Maximum number of paging records applicable for NB-IOT/eMTC is 16.
The paging capacity of NB-IoT cell can be extended with additional non-anchor carriers configured for paging. For eMTC additional paging narrow-bands can be configured to handle additional paging load. So the following parameter can also used for calculation of paging capacity of base station.
-   Number of paging carriers or paging narrowband.
7.3.3.2	Paging Traffic Load Estimation
Estimated paging traffic load in IoT-NTN cell depends on the following parameters 
· Estimated Idle mode UE as per the connection density given in Annexure B.2
· Percentage of IoT users expecting network command and network command Traffic model. Network command traffic model used to deduce arrival rate is given in TR45.820 Annexure H.
If single cell is covering one tracking area or if the device is stationary and base station only paging in the last connected cell, the paging load is calculated as below.
Expected Paging Load in cell = A* Used Density * Arrival session rate.
In case if the Tracking area consists of more than one cell and NW needs to schedule the paging over all cells of the tracking area blindly the expected paging load is calculated as below. 
Expected Paging Load in Tracking Area = M* A* Used Density * Arrival session rate.
7.3.3.2	Paging Capacity Evaluation
Following table illustrates the paging load estimation for given UE density based on the paging capacity and arrival rates calculated as per the information given in earlier sections.
Table D.3.3-1: Paging channel load
	

(NB,DRX cycle, Paging Record per message)
	UE density [UE/km2]
	Arrival session rate per hour
(As per NW command Traffic model in TR45.820)
	M
	r [km]
	Paging Load
(pages/sec)
	Paging Capacity per Carrier
(pages/sec)
	Required number of carriers

	T,1024,16
	400
	0.46
	1
	250
	1690
	1600
	1

	4T,1024,16
	400
	0.46
	1
	250
	1690
	6400
	1

	T,1024,16
	20
	0.46
	1
	250
	  420
	1600
	1

	4T,1024,16
	20
	0.46
	1
	250
	  420
	6400
	1



When extended coverage is supported for paging transmission beyond 4 repetitions, the number of available paging occasions needs to be reduced depending on the maximum repetitions required in the cell. In the below table the paging capacity calculations are provided for cell with configuration of NB value which is fraction of DRX cycle.
Table D.3.3-2: Paging channel load / Extended coverage

	

(NB,DRX cycle, Paging Record per message)
	UE density [UE/km2]
	Arrival session rate per hour
(As per NW command Traffic model in TR45.820)
	M
	r [km]
	Paging Load
(pages/sec)
	Paging Capacity per Carrier
(pages/sec)
	Required number of carriers

	T/4,1024,16
	400
	0.46
	1
	250
	1690
	400
	4

	T/4,1024,16
	20
	0.46
	1
	250
	420
	400
	1



[bookmark: _Hlk8903079]Furthermore, the supported UE density given the UE arrival session rate per UE, which is highly dependent on the size of the beam, can be calculated by: 


Table D.3.3-3: Supported UE densities for a given arrival session rate per carrier
	
	Arrival session rate 
	M
	r [km]
	UE density [UE/km2]

	4T,1024,16
	0.46
	1
	250
	1520

	T,1024,16
	0.46
	1
	250
	380

	T/4,1024,16
	0.46
	1
	250
	95



NOTE:	Paging capacity calculation for tracking area wide paging depending on number of cells per tracking area and capacity calculations considering additional carriers in IoT-NTN base station needs to be updated in next revision.

Note: Paging capacity calculation for tracking area wide paging depending on number of cells per tracking area and capacity calculations considering additional carriers in IoT-NTN base station needs to be updated in next revision.



image1.png
Paging messages per second

100000

10000

1000

100

LEO 50 km

m— 1 UE per square-km

= = No repetitions, 4 POs per PF

LEO 1700 km

mm— 10 UES per square-km

= = Using 4repetitions, 1 PO per PF

GEO 3500 km MEO 4018 km

mm— 40 UESs per square-km
= = Using 128 repetitions, 1/16 PO per PF




image2.png
45

40

35

30

25

20

15

10

Number of additional carriers needed using 4 repetitions, 1 PO
per PF

LEO 50 km LEO 1700 km GEO 3500 km MEO 4018 km

1 UE per square-km w10 UEs per square-km

40 UEs per square-km == == Maximum number of carriers




