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1 Introduction
In RAN#86, a study item on NB-IoT/eTMC support for NTN [1] was approved.  
Paging capacity evaluation were discussed at RAN2#113-e and RAN2#113bis-e with the following agreements:
· [036] Paging capacity is evaluated using the same methodology captured in TR 38.821 as the baseline.

· [036] RAN2 will evaluate the paging capacity and the impact on the size of the Tracking Area considering the target IoT NTN device density captured in TR 36.763.

· Invite for input to the TR on paging evalutation for next meeting, use assumptions from this paper [4] when applicable. 

In this contribution, we provide paging capacity and paging load evaluations for NB-IoT NTN.
2 Discussion
2.1 Calculation for paging capacity and paging load
Parameters for paging capacity and paging load evaluation
Following parameters should be considered for calculation of the paging capacity:
-
Paging Frames (PF) per second: NPF 
-
Paging Occasions (PO) per PF: NPOperPF 
-
Maximum number of paging records in paging message: NUEperPO
-
User density (UEs/km2)

-
Satellite beam diameter: in km 

-
NO_Traffic: fraction of UEs in the cell with network originated traffic 

-
Arrival session or call rate: average requested paging occasions per hour and per UE

-
Number of cells in per tracking area: M
-
Number of paging carriers (NB-IoT) or paging narrow bands (eMTC): NCarrier

-
paging carrier weight in NB-IoT
Paging capacity
In [5], it was agreed to consider equal weight for all paging carriers in NB-IoT and to use the following formula derived from [3] to calculate the paging capacity per second:
Supported paging capacity per second: NCarrier * NPF * NPOperPF * NUEperPO   

In NB-IoT and eMTC, there may not be a PF/PO in each radio frame (e.g. due to the need for coverage enhancements) and the paging occasions density is given per nB and T, i.e. the number of POs per second is equal to 100 * nB / T.

We propose to update the above formula accordingly, i.e.:
Supported paging capacity per second: NCarrier * (100 * nB / T) * NUEperPO   

Paging load
The required paging load per cell in [3] is calculated as:

expected arrival rate per cell per second = A * UE density * arrival session rate

In the traffic model defined for IoT [4], it is specified in section 5.2.2 that only 20% (NO_traffic) of the UEs in the cell are pageable.

5.2.2
Capacity evaluation based on MS generated user data

The capacity metric is evaluated by running system level simulations with Mobile Autonomous Reporting (MAR) periodic traffic model and Network Command traffic model (See Annex E on traffic models). 

MAR exception reporting model (See Annex E) is not used for system capacity evaluation.

Software update reconfiguration/update model (See Annex E) is not used together with MAR periodic and Network Command in system level simulations.  
For the purpose of system level simulation, a Gb architecture is assumed when using traffic models.  
The split of devices between MAR periodic and Network Command is MAR periodic (80%) and Network Command (20%).
In the traffic model defined for IoT [4], the distribution of paging session arrival rate is defined in section E.2.3 and E.2.1.

	E.2.3
Network Command 

The Network Command (NC) traffic model is used to model applications where an application server generates an application layer command to the device to perform an action without the need for an uplink response from the device e.g. command to switch on the lights or to trigger the device to send an uplink report as a result of the network command e.g. request for a smart meter reading. 

It is assumed that 50% of such Network Commands will require the MS to send an application layer UL response whilst the other 50% will not generate a response in system level simulations. Moreover, for the case where there is an uplink response, there is no need for an application DL ACK for the response.

The size of the downlink Network Command is assumed to be 20 bytes and the distribution of the periodic inter-arrival time is the same as for MAR periodic model (Table E.2-1). The distribution of the application payload size in response to the Network Command, where applicable, is the same as application payload size distribution of MAR periodic in Table E.2-1. 

Table E.2-1: MAR periodic UL reporting traffic model

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%)



Thus we propose to update the formula as below:

paging load per cell per second = A * (0.2 * UE density) * (0.4 * AR1d + 0.4 * AR2h + 0. 15 * AR1h + 0.0.5 * AR30m )
2.2 Examples of calculation

As described in section 2.1, the parameters defining the actual paging capacity and paging load are:

· paging capacity: NCarrier, T and nB
· paging load: A and User density

In the following tables we provide results for different values of the parameters.

Paging capacity for NB-IoT: 

T can take the values 128, 256, 512 and 1024. Usual values in TN deployments are 128 and 256. We use these T = 128 for the calculations below.

nB can take the values 4T, 2T, T, T/2, T/4, T/8, T/16, T/32, T/64, T/128, T/256, T/512, T/1024. nB should be chosen so POs overlapping is avoided, i.e. nB depends on the level of coverage enhancements needed (i.e. the number of NPDCCH repetitions). Considering that in NTN most UEs will be in relative good coverage, we use nB= T, T/2, T/4, T/8, T16 and T/32 for the calculations below.

NCarrier can take the values 1..16.
NUEperPO is equal to 16.
Table 1: Paging capacity per second per carrier  

	T
	nB
	Paging capacity 

	128
	T
	1600

	
	T/2
	800

	
	T/4
	400

	
	T/8
	200

	
	T/16
	100

	
	T/32
	50


Paging load: 

Given the cell area of a hexagonal cell has a radius of r, the cell area can be expressed as A= 3 * √3 /2 * r2. 
For example, for the cell radius of r = 250km, the area is A = 163 000km2. 
Table 2: Paging load and number of required carriers for a given UE density

	
	Number of needed carriers

(T=128)

	UE density [UE/km2]
	r [km]
	No UEs per cell
	Paging load per second
	nB=T
	nB=T/2
	nB=T/4
	nB=T/8
	nB=T/16
	nB=T/32

	400
	250
	65,200,000
	1690
	1
	2
	4
	8
	16
	32

	20
	250
	3,260,000
	85
	1
	1
	1
	1
	1
	2


In our view, having more than 4-6 paging carriers in a cell is not feasible in a real deployment due to signalling constraints. However, if such paging capacity was required, it is possible to deploy overlapping cells to share the paging load.
3 Conclusion
In this document, we have described the calculations of the paging capacity and paging load.

· The paging capacity is dependent on the number of paging carriers, T and nB. T and nB depend on the level of coverage enhancements in the cell.
· The paging load is dependent on the UE density, the cell size and the session arrival pattern.
We have provided evaluation results for some deployment examples.
We propose to capture the calculations and results in the TR.
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