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1. Introduction

In RAN2#113bis e-meeting [1], for IoT over NTN, the following agreement about paging capacity have been achieved:

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


With reference to these agreements, we will evaluate paging capacity for IoT over NTN. 
2. Discussion

In “[Post113-e][055][IoT NTN] Performance evaluation” email discussion[2], the evaluation method of paging capacity has been discussed. Almost all the companies agree to use the paging capacity evaluation method captured in TR 38.821[3] as baseline. Moreover, some additional aspects are mentioned and need to be considered when evaluating the paging capacity for NB-IoT/LTE-M devices. They are as below: 

· For NB-IoT, the paging message can at most include 16 paging records in the paging message.

· For NB-IoT, multiple carriers should be taken into account. Moreover, anchor carrier and non-anchor carriers, may have different available resources, anchor carrier may have more sparse PO resources. And for the simplify purpose, all non-anchor paging carriers can have the same PO resources configuration.

· For coverage enhanced case, the repetitions should be taken into account. But no new metric is needed for this and we can just assume some kind of sparse PO resources configuration, for example, 1 PO per second. 

According to the discussion, we give the following evaluation for paging capacity under normal coverage (case 1) and enhanced coverage (case 2) for IoT over NTN. As NB-IoT may have more complicated paging resources configuration, we mainly give evaluation for NB-IoT.

Table 1: The details of Case 1 and Case 2
	
	paging record in a paging message
	Multi carrier
	PO per PF, PF per second, paging records per PO per carrier

	Case 1 (NB-IoT, normal coverage)
	16
	16
	4, 100, 16

	Case 2 (NB-IoT, enhanced coverage)
	16
	16
	Anchor: 1, 1, 16 
Non-anchor: 1, 4, 16


The supported paging capacity per second are as following:

Case 1: Supported paging capacity per second = Ncarrier × NPF × NPOperPF × NUEperPO  = 102400
Case 2: Supported paging capacity per second = NPF_anchor × NPOperPF_anchor × NUEperPO 

+ Ncarrier_nonanchor × NPF_nonanchor × NPOperPF_nonanchor × NUEperPO = 976
Moreover, we suggest to study the similar metrics as that in NR, e.g., Paging channel loads and Supported UE density, calculated as below:

Expected arrival rate per TA second = M × A × UE density × arrival session rate
Paging channel load = Expected arrival rate per TA second / Supported paging capacity per second
Supported UE density = Supported paging capacity per second / (A × M × arrival session rate)
In the calculation formulas, the area of the cell A can calculated by ISD or r (the cell radius, illustrated in 7.3.3.1.2 of 38.821) as below. 
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The area of the cell A has impact on results of those metrics. And considering that satellite parameter Set 4 may be special, e.g., having the issue of discontinuous coverage, we think satellite beam diameter of 1700km in Set 4 need to be taken into account. Thus, r=250 km, A=162379 km2; r=850 km, A=1877110 km2.
The results can be found in the following Table 2 and Table 3:

Table 2: Paging channel load for a given arrival session rate and UE density

	 PO per PF, PF per second, paging records per PO per carrier
	UE density [UE/km2]
	Arrival session rate 
	M
	r [km]
	Paging channel load

	4, 100, 16
	400
	1 per hour
	1
	250
	18%

	
	400
	1 per 24 hours
	1
	250
	1%

	
	400
	1 per hour
	1
	850
	204%

	
	400
	1 per 24 hours
	1
	850
	8%

	Anchor: 1, 1, 16 
Non-anchor: 1, 4, 16
	400
	1 per hour
	1
	250
	1849%

	
	400
	1 per 24 hours
	1
	250
	77%

	
	400
	1 per hour
	1
	850
	21370%

	
	400
	1 per 24 hours
	1
	850
	890%


Table 3: Supported UE density for a given arrival session rate

	 PO per PF, PF per second, paging records per PO per carrier
	Arrival session rate 
	M
	r [km]
	UE density [UE/km2]

	4, 100, 16
	1 per hour
	1
	250
	2240

	
	1 per 24 hours
	1
	250
	54485

	
	1 per hour
	1
	850
	196

	
	1 per 24 hours
	1
	850
	4713

	Anchor: 1, 1, 16 
Non-anchor: 1, 4, 16


	1 per hour
	1
	250
	21

	
	1 per 24 hours
	1
	250
	519

	
	1 per hour
	1
	850
	2

	
	1 per 24 hours
	1
	850
	45


Proposal 1: RAN2 can discuss and capture the above paging capacity evaluation results in Table 2 and Table 3 into 36.763.
Based on the proposal 1, we give the following text proposal for TS 36.763:
	7.3.3
Paging capacity

The paging capacity and the impact on the size of the Tracking Area are evaluated considering the target IoT NTN device density captured in Annex B.2.

Editor's Note: Paging capacity is evaluated using the methodology captured in TR 38.821 as the baseline.

For NB-IoT, considering the multi-carrier and the repetition, two cases are evaluated.

Table 1: The details of Case 1 and Case 2
paging record in a paging message

Multi carrier

PO per PF, PF per second, paging records per PO per carrier

Case 1 (NB-IoT, normal coverage)

16

16

4, 100, 16

Case 2 (NB-IoT, enhanced coverage)

16

16

Anchor: 1, 1, 16 
Non-anchor: 1, 4, 16

The supported paging capacity per second are as following:

Case 1: Supported paging capacity per second = Ncarrier × NPF × NPOperPF × NUEperPO  = 102400
Case 2: Supported paging capacity per second = NPF_anchor × NPOperPF_anchor × NUEperPO 

+ Ncarrier_nonanchor × NPF_nonanchor × NPOperPF_nonanchor × NUEperPO = 976
Moreover, the similar metrics as that in NR, e.g., Paging channel loads and Supported UE density, are calculated as below:

Expected arrival rate per TA second = M × A × UE density × arrival session rate
Paging channel load = Expected arrival rate per TA second  / Supported paging capacity per second
Supported UE density = Supported paging capacity per second / (A × M × arrival session rate)
In the calculation formulas, the area of the cell A can calculated by ISD or r (the cell radius) as below. 
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The area of the cell A has impact on results of those metrics. Considering that satellite parameter Set 4 may be special, e.g., having the issue of discontinuous coverage, satellite beam diameter of 1700km in Set 4 also need to be taken into account. For example, r=250 km, A=162379 km2; r=850 km, A=1877110 km2.
The results can be found in the following Table 2 and Table 3:

Table 2: Paging channel load for a given arrival session rate and UE density

 PO per PF, PF per second, paging records per PO per carrier
UE density [UE/km2]

Arrival session rate 

M

r [km]

Paging channel load
4, 100, 16

400

1 per hour

1

250

18%
400

1 per 24 hours

1

250

1%
400

1 per hour

1

850

204%
400

1 per 24 hours

1

850

8%
Anchor: 1, 1, 16 
Non-anchor: 1, 4, 16

400

1 per hour

1

250

1849%
400

1 per 24 hours

1

250

77%
400

1 per hour

1

850

21370%
400

1 per 24 hours

1

850

890%
Table 3: Supported UE density for a given arrival session rate

 PO per PF,  PF per second, paging records per PO per carrier
Arrival session rate 

M

r [km]

UE density [UE/km2]

4, 100, 16
1 per hour
1
250
2240
1 per 24 hours

1

250
54485
1 per hour
1
850
196
1 per 24 hours

1

850
4713
Anchor: 1, 1, 16 
Non-anchor: 1, 4, 16

1 per hour
1
250
21

1 per 24 hours

1

250
519

1 per hour
1
850
2
1 per 24 hours

1

850
45



3. Conclusions

In this contribution, we make the following observations and proposal:

Proposal 1: RAN2 can discuss and capture the above paging capacity evaluation results in Table 2 and Table 3 into 36.763.

References
[1] 3GPP, Report of 3GPP TSG RAN2#113bis-e meeting, Online, April, 2021
[2] R2-2104033 Summary of [Post113-e][055][IoT NTN] Performance evaluation Ericsson

[3] 3GPP TR 38.821, V16.0.0 (2019-12), Solutions for NR to support non-terrestrial networks (NTN)
[4] 3GPP TR 36.763: Study on Narrow-Band Internet of Things (NB-IoT) / enhanced Machine Type Communication (eMTC) support for Non-Terrestrial Networks (NTN) (Release 17)


_1234567890.unknown

_1234567891.unknown

