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1. Introduction
[bookmark: _Toc510607461]An evaluation and conclusions for solutions for KI#2 are proposed here based on general principles that can apply to multiple solutions. A goal is to minimize impacts to a UE and serving PLMN at a 3GPP level and allow satellite and serving PLMN operators some choice of solution.
2. Text Proposal
The following text is proposed to be applied to TR 23.700-29. 
[bookmark: _Toc157597002][bookmark: _Toc158028987][bookmark: _Toc157597003][bookmark: _Toc158028988][bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc22214911]*** Start of the change (all new changes) ***
[bookmark: _Toc157692398][bookmark: _Toc157447963][bookmark: _Toc164701472]7.x	Key Issue #2 evaluation of solutions
Table 7.x-1 shows a comparison of all solutions for KI#2 in terms of: RAN and CN NFs (and any new NFs) in a satellite (column 2); new satellite ground servers (and any new ground PLMN NFs) (column 3); ability to support multiple satellite access by a UE (column 4); ability to support roaming access to a serving VPLMN (column 5); ability to support Attach and/or Registration (and the number of separate UE operations needed for an Attach and/or Registration) (column 6); ability to support MO/MT SMS, CP CIoT Data, UP CIoT Data, UP Data, IMS (columns 7 to 11).
	Sol #
	Satellite NFs
(new NFs)

	Sat Ground servers (new NFs)
	Multiple Satellite
	Roaming
	Attach / Registration 
(number of separate UE operations)
	MO/MT
SMS
	CP CIoT Data
	UP CIoT Data
	UP Data
	IMS

	11
	eNB, MME-NT
	
	Yes
	Yes
	Yes (4)
	
	Yes
	
	
	

	12
	eNB, MME-NT
	
	Yes
	Yes
	Yes (2)
	
	
	
	
	

	13
	eNB, MME
	
	No
	Yes
	Yes (2)
	
	
	
	
	

	14
	eNB, MME-NT
	
	Yes
	Yes
	Yes (2)
	
	
	
	
	

	15
	eNB, MME-NT, S-GW-NT, P-GW-NT
	
	Yes
	Yes
	Yes (2)
	
	Yes
	
	
	

	16
	eNB, MME, S-GW, P-GW
	
	No
	Yes
	Yes (3)
	Yes
	Yes
	Yes
	
	

	17
	eNB, MME, S-GW, SCEF, (SFCF)
	
	No
	No
	Yes (1)
	
	Yes
	
	
	

	18
	eNB, MME, HSS
	
	No
	No
	Yes (1 or 2)
	
	Yes
	
	
	

	19
	eNB/gNB, full CN (endpoint proxy)
	SSFC
	Yes
	Yes
	Yes (1)
	Yes
	Yes
	Yes
	Yes
	Yes

	20
	eNB
	
	No
	Yes
	Yes (4)
	
	Yes
	Yes
	
	

	21
	eNB
	
	No
	Yes
	Yes (3)
	
	Yes
	
	
	

	22
	eNB, MME
	
	Yes
	Yes
	
	Yes
	Yes
	
	
	

	23
	eNB, MME-NT
	
	Yes
	Yes
	
	Yes
	
	
	
	

	24O1
	gNB, UPF-NT
	
	No
	Yes
	Yes (3)
	
	
	
	Yes
	

	24O2
	gNB, UPF, AMF, SMF, UDM/AUSF 
	
	No
	No
	Yes (1)
	
	
	
	Yes
	

	25
	eNB, MME-NT
	(URE)
	Yes
	Yes
	
	
	
	
	
	

	26
	N/A
	
	Yes
	Yes
	
	
	
	
	
	

	27
	gNB. UPF-NT
	
	??
	Yes
	Yes (3)
	
	
	
	Yes
	

	37
	gNB, AMF-NT
	
	Yes
	Yes
	Yes (4)
	
	
	
	
	

	38
	N/A
	
	
	
	N/A
	
	
	
	
	

	39
	eNB, MME, SGW, PGW
	
	
	
	N/A
	
	
	
	
	

	44
	eNB
	
	Yes
	Yes
	Yes (3)
	
	Yes
	
	
	

	45
	eNB, MME, SMS-GMSC-NT
	
	??
	Yes
	
	Yes
	
	
	
	


Table 7.x-1: Comparison of Solutions for KI#2
No solutions for KI#2 are defined to support legacy UEs. Instead, all solutions for KI#2 have some impact on a UE which minimally comprise:
	-	Indication of S&F access by a satellite to a UE (e.g. in a SIB 1)
-	Indication of support of S&F access by a UE to a satellite (e.g. in an attach or registration request)
These impacts require 3GPP support and would also affect the satellite side. A UE can use the indication of S&F access in various proprietary ways to improve user experience (e.g. can expect limited service and advise this to applications and the user).
Except for Solution 19, in which each satellite contains complete serving PLMN functionality and a proxy for remote endpoints, every solution for KI#2 splits the serving PLMN between a portion in each satellite and a portion on the ground. This leads to some change in every procedure that is performed by both a UE and NFs for the serving PLMN in both a satellite and on the ground, that minimally includes waiting for a feeder link to become available before transferring signalling or data between NFs in a satellite and NFs on the ground and waiting for a service link to become available before transferring signalling or data between satellite NFs and the UE. Nevertheless no solution currently documented in the TR indicates impacts to all possible procedures and messages where the feeder link may disappear and re-appear again; instead they show a complete procedure like e.g. Attach/TAU and indicate where the specific procedure stops and re-starts. The precise allocation of NFs between the satellites and the ground determines where in each procedure the waiting and associated delays occur and which NFs are impacted. However, in general, procedures that could previously be completed in one continuous operation by a UE and serving PLMN with only small delays between consecutive signalling messages would now have to be split into two or more separate operations at some NFs and possibly at the UE which would introduce new intermediate waiting states to the procedure thereby increasing both delay and impacts.
In the case of an Attach or Registration, and except for Solutions 17, 18, 19, and 24 option 2 where satellites contain an HSS or UDM NF (or capability), a UE needs to support two or more separate operations to allow interaction with the ground based serving PLMN portion and HPLMN. This would lead to some change in the Attach or Registration from the UE perspective, where the UE would need to access the same satellite or different satellites on two or more occasions. Each additional UE operation would require a new intermediate UE waiting state and would increase the overall delay of the Attach or Registration. However, some solutions (14, 15, 18) can complete a UE Attach in just two operations where an Attach Reject is sent to the UE by a satellite after the first operation with a new cause and timer value and where the UE retries the Attach (for S&F mode) from the beginning after the timer expires. The retried Attach can then be completed in just one operation. This is only possible if satellites contain at least an eNB and MME and could not be supported (without extra UE waiting states) by a satellite containing just an eNB. The extra UE impact from such a two step Attach should be small because existing UE Attach support can be reused with just a new condition for retrying the Attach after an initial failure. In the case of Solution 19, while there is no additional impact to an Attach or Registration procedure, a UE should locally detach or de-register after accessing a satellite if not detached or de-registered by the satellite. This could be another small impact associated with an Attach or Registration.
In the case of procedures to support MO/MT SMS, CP CIoT Data, UP CIoT Data, and UP Data, proposed solutions (e.g. 11, 15, 17, 18, 19, 20, 21, 22, 23) show that MO transfer or MT transfer can be completed from a UE perspective in a single continuous operation with no need for new intermediate UE waiting states. Waiting states and storage of data or signalling are still needed in certain NFs in a satellite or on the ground but, as long as a procedure otherwise follows that currently defined for Release 18, each waiting state and associated storage of data or signalling and later transfer over a feeder link can be proprietary to the impacted NFs and not defined by 3GPP.
The precise NF content of a satellite and associated splitting of a serving PLMN between a ground portion and satellites may depend on which services are supported and may also not need to be defined by 3GPP and could be left up to the satellite and serving PLMN operator(s) as long as the other principles described above are supported. However, as noted above, for NB-IoT access, satellites must contain at least an eNB and MME.
***Next change (all new changes) ***
8.y	Conclusions for Key Issue #2 
Based on the evaluation in clause 7.x, conclusions for Key Issue #2 are as follows.
-	S&F access to UEs can be supported by satellites containing an eNB or gNB and one or more CN NFs according to the principles below: 
-	The exact CN NF content of a satellite and allocation of CN NFs between satellites and a ground based PLMN portion are not defined by 3GPP but can depend on which services are supported and are left up to the satellite and ground PLMN operator(s).
-	An indication of S&F satellite access to a UE (e.g. in a SIB that will be decided by RAN WGs) and an indication of support of S&F satellite access by a UE to a satellite (e.g. in an attach or registration request) needs to be supported by 3GPP.
-	UE attach or registration with a satellite can be accomplished immediately in one continuous operation if the satellite contains HSS or UDM capability or occurs in two operations, where the initial attach or registration is rejected by a satellite with a new cause and timer value and is then retried by the UE after expiration of the timer. Where an attach or registration is completed in one operation, a UE may need to locally detach or de-register after accessing a satellite. Where an attach is completed in two operations, a satellite needs to include at least an MME.
-	Some NFs in a satellite or on the ground may need to support intermediate waiting states where data and/or signalling is stored and transferred later over a feeder link when this becomes available. Support of these intermediate waiting states and the associated data or signalling transfer over a feeder link are proprietary to the satellite and ground PLMN operator(s).
-	Except for the changes indicated above, UEs, satellites and a ground PLMN portion adhere to procedures for NTN access defined in Release 18.

***End of changes ***
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