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1. Introduction
A new SI for Non Terrestrial Networks has been agreed in RP-181370 to study a set of necessary features/adaptations enabling the operation of NR protocol in non-terrestrial networks for 3GPP Release 16 with a priority on satellite access. And the intention of this contribution is to share some views about the challenges on the paging capacity for NTN.
2. Discussion
Requirement of paging capacity in NTN
The requirement of paging capacity for one TA is mainly estimated by the following factors:
· Coverage
· User density
· Per UE paging requirement

For the coverage, in the TR 38.811, the description about the beam foot print size of satellite can be found as follows:
--------------------------------------------------- From 38.811 Start -----------------------------------------------------
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Satellite or aerial vehicles typically generate several beams over a given area. The foot print of the beams are typically elliptic shape.
The beam footprint may be moving over the earth with the satellite or the aerial vehicle motion on its orbit. Alternatively, the beam foot print may be earth fixed, in such case some beam pointing mechanisms (mechanical or electronic steering feature) will compensate for the satellite or the aerial vehicle motion.
Table 4.6-1: Typical beam foot print size
	Attributes
	GEO
	Non-GEO
	Aerial

	Beam foot print size in diameter
	200 – 1000 km
	100 – 500 km
	5 - 200 km



--------------------------------------------------- From 38.811 End -----------------------------------------------------
Based on the description above, it can be observed that the coverage of one satellite beam is much larger than the typical coverage of one NR Terrestrial cell.
Observation 1: The typical beam foot print size is 200-1000km (i.e. the coverage is about 31416km2 - 785398km2) for GEO and 100-500km (i.e. the coverage is about 7854km2 - 196350km2) for Non-GEO, which is much larger than the typical coverage of NR Terrestrial cell.
Besides the coverage, to evaluate the requirement on paging capacity, the information about the User density and the traffic/Service model expected to be supported in NTN are also required. For the traffic/service model, some use case have already been identified in TR 38.811, and it seems the NTN intent to support both the eMBB (enhanced Mobile Broadband), and mMTC (massive Machine Type Communications). For the mMTC, as shown in the table as follow, it is clearly specified that the Wide area IoT service needed to be supported in NTN, including the “connectivity between IoT devices (battery activated sensors/actuators or not) and spaceborne platform” and “the continuity of service across spaceborne platforms and terrestrial base stations”. 
------------------------------------------------- From 38.811 -----------------------------------------------------------
	mMTC
	Wide area IoT service
	Global continuity of service for telematic applications based on a group of sensors/actuators (IoT devices, battery activated or not) scattered over or moving around a wide area and reporting information to or controlled by a central server.
These sensors and/or actuators may be used for example the following telematics applications:
· Automotive and road transport: high density platooning, HD map updates, Traffic flow optimisation, Vehicle software updates, automotive diagnostic reporting, user base insurance information (e.g. speed limit, driving behaviour), safety status reporting (e.g. air-bag deployment reporting), advertising based revenue, Context awareness information (e.g. neighbouring bargain opportunities based on revenue), remote access functions (e.g. remote door unlocking).
· Energy: Critical surveillance of oil/gas infrastructures (e.g. pipeline status) 
· Transport: Fleet management, asset tracking, digital signage, remote road alerts
· Agriculture: Livestock management, farming 

	Connectivity between IoT devices (battery activated sensors/actuators or not) and spaceborne platform. Continuity of service across spaceborne platforms and terrestrial base stations is needed.
	TR 22.861, §5.2: connectivity aspects
TR 22.864, §5.6: Access
TR 22.862, §5.1: Higher reliability and lower latency
TS 22.261 (related to §6.2.3 Service continuity acriss different access technologies)



------------------------------------------------- From 38.811 -----------------------------------------------------------
Based on the information above, it seems we can not assume the UE density in NTN is always low.
Observation 2: Since the NTN is expected to support both the eMBB and mMTC services, it seems we can not assume the UE density in NTN is always low.
Since the user density is a key input for the evaluation of RAN2 performance (e.g. paging performance), and also considering the requirement/assumption on user density in NTN should be determined by SA1 and there is ongoing study in SA1 for NTN as well, we propose that:
Proposal 1: One LS should be sent to SA1 to clarify the requirement/assumption on user density in NTN. 

Initial thought on the paging capacity in NTN
For the calculation of paging capacity in NR, according to TS 38.331 [1], the maximum number of paging records included in one paging message is 32, and the maximum number of paging occasions within one radio frame is 4 (i.e. maximum value of ns is 4). Therefore, the maximum number of UE can be paged within one radio frame is 32*4=128, and the paging capacity is 12800 UEs/s.
[bookmark: _GoBack]Since the NTN intends to support both the eMBB and mMTC services, and there is no clear traffic/service model of eMBB/mMTC services in NTN can be identified, we take the paging requirement assumption used in TA planning as a start point in the analysis of paging capacity. In the current terrestrial network, the paging requirement per UE is assumed to be 0.001/s for TA planning. 
Also considering the paging congestion, in order to ensure the paging performance, we assume the users supported within one TA is half of the value calculated based on the maximum paging capacity. 
· Users supported in one TA * paging requirement for one UE = Paging capacity * 1/2 
Considering the user number in one TA equals to the (coverage * user density), the maximum user density supported with the current NR paging capacity can be calculated as:
· The user density supported in one TA = ( Paging capacity / (coverage * paging requirement per UE)) * 1/2 
Observation 3: The user density supported with the current NR paging capacity can be calculated as: 
· user density supported in one TA = ( Paging capacity / (coverage * paging requirement per UE)) * 1/2
· Where the NR paging capacity = 12800 users/s
Table 2. Evaluation of the maximum user density based on the paging capacity in NR
	Coverage of one TA
(km2 )
	User density supported
 (user/km2)

	
	per UE paging requirement = 0.001/s
	per UE paging requirement = 0.0001/s
	per UE paging requirement = 0.00001/s

	10,000
	640
	6400
	64000

	30,000
	213
	2134
	21334

	100,000
	64
	640
	6400

	200,000
	32
	320
	3200

	400,000
	16
	160
	1600

	500,000
	12.8
	128
	1280



Based on the table above, it seems that, based on the current paging capacity in NR, if we want to ensure the paging performance in case the coverage is large, the maximum user density supported will be quite small. In order to understand the challenge on the paging capacity in case of NTN, we propose that:
Proposal 2: In order to show the challenge on the paging capacity in case of NTN, the evaluation of paging capacity and table above should be captured in the TR.
Proposal 3: The paging capacity in non-terrestrial-network should be improved and some possible paging enhancements should be considered.
3. Conclusion and proposals
With the above analysis, we have the following observation and proposals:
Observation 1: The typical beam foot print size is 200-1000km (i.e. the coverage is about 31416km2 - 785398km2) for GEO and 100-500km (i.e. the coverage is about 7854km2 - 196350km2) for Non-GEO, which is much larger than the typical coverage of NR Terrestrial cell.
Observation 2: Since the NTN is expected to support both the eMBB and mMTC services, it seems we can not assume the UE density in NTN is always low.
Proposal 1: One LS should be sent to SA1 to clarify the requirement/assumption on user density in NTN. 
Observation 3: The user density supported with the current NR paging capacity can be calculated as: 
· user density supported in one TA = ( Paging capacity / (coverage * paging requirement per UE)) * 1/2
· Where the NR paging capacity = 12800 users/s
Proposal 2: In order to show the challenge on the paging capacity in NTN, the evaluation of paging capacity and table below should be captured in the TR.
Table 1. Evaluation of the maximum user density based on the paging capacity in NR
	Coverage of one TA
(km2 )
	User density supported
 (user/km2)

	
	per UE paging requirement = 0.001/s
	per UE paging requirement = 0.0001/s
	per UE paging requirement = 0.00001/s

	10,000
	640
	6400
	64000

	30,000
	213
	2134
	21334

	100,000
	64
	640
	6400

	200,000
	32
	320
	3200

	400,000
	16
	160
	1600

	500,000
	12.8
	128
	1280



Proposal 3: The paging capacity in non-terrestrial-network should be improved and some possible paging enhancements can be considered.
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5. Annex RRC ASN.1
-- ASN1START
-- TAG-PAGING-START
Paging ::= 							SEQUENCE {
	pagingRecordList						PagingRecordList														OPTIONAL, -- Need N
	lateNonCriticalExtension				OCTET STRING															OPTIONAL,
	nonCriticalExtension					SEQUENCE{}																OPTIONAL
}
PagingRecordList ::=				SEQUENCE(SIZE(1..maxNrofPageRec)) OF PagingRecord
PagingRecord ::=					SEQUENCE{
	ue-Identity							PagingUE-Identity,
	accessType							ENUMERATED {non3GPP}	OPTIONAL,	-- Need N
	...
}
PagingUE-Identity ::=				CHOICE{
	ng-5G-S-TMSI						NG-5G-S-TMSI,
	i-RNTI								I-RNTI-Value,
	...
}
-- TAG-PAGING-STOP
-- ASN1STOP
maxNrofPageRec							INTEGER ::= 32-- Maximum number of page records

PCCH-Config ::=				SEQUENCE {
	defaultPagingCycle					PagingCycle,
	nAndPagingFrameOffset				CHOICE {
		oneT								NULL, 
		halfT								INTEGER (0..1),
		quarterT							INTEGER (0..3),
		oneEighthT							INTEGER (0..7),
		oneSixteenthT						INTEGER (0..15)
	},
	ns									ENUMERATED {four, two, one},
	...
}




