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1. Introduction
[bookmark: _Toc510607461]Evaluations of the solutions in TR 23.700-28 are provided here. Based on the evaluations, some conclusions are proposed,
2. Text Proposal
The following text is proposed to be applied to TR 23.700-28.
[bookmark: _Toc97108978][bookmark: _Toc100782791][bookmark: _Toc100983165]*** First Change (all new) ***
[bookmark: _Toc97108987][bookmark: _Toc100782819][bookmark: _Toc100983197][bookmark: _Toc104439761][bookmark: _Toc104439751]7	Overall Evaluation
7.x1	Provision of Coverage Information to a UE
The solution in Release 17 and Solutions #1, #3, #6, #7, #8, #11 and #16 assume that a UE has access to coverage information allowing the UE to know fairly precisely (e.g. maybe with 1 minute or better accuracy) when coverage at a current or future location will start and end. Solutions #1, #2, #4, #5, #6, #9 and #11 assume that the CN (e.g. an MME or AMF) has access to coverage information allowing the CN to know when UEs will be in or out of coverage.
The solution in Release 17 relies on broadcast of satellite ephemeris data in a SIB defined in TS 36.331. The solution is limited to support of ephemeris data for up to 4 satellites. The solution in Release 17 contains the following limitations.
-	A UE would be expected to calculate whether and when each satellite will be visible from a UE location and assume that the satellite might be accessed if the satellite is visible (e.g. with an elevation above 10 degrees). This could be a significant processing burden to an IoT UE.
-	There is no information in the SIB on whether a satellite supports only certain PLMNs, only certain countries, is operating only at certain times (e.g. not late at night to reduce operating cost) or whether radio cell coverage is for an entire area of satellite visibility or only for some portion of that area.
-	There is no charging capability - this is a free service to all UEs.
-	There is no security – a fake base station could broadcast the SIB to spoof coverage or out of coverage at incorrect times.
-	The SIB seems to be restricted to one satellite RAT only and may not support coverage from all satellite RATs.
-	The limitation to 4 satellites could limit coverage information to only a short period in the future (e.g. 2 hours).
[bookmark: _Toc104439753]Solution #15 is the only solution that addresses the provision of coverage information to a UE as an alternative to the solution in Release 17. Solution #15 overcomes all of the limitations of the solution in Release 17 as shown in clause 6.15.4. Solution #15 is not a RAN based solution but instead relies on support from the CN and optionally from an external server (e.g. supported by a satellite operator). Solution #15 could also be used to provide coverage information to the CN (e.g. from a satellite network operator) although would be out of scope in terms of any new procedures.
7.x2	Mobility Management
KI#1 and KI#2 identify the following requirements (denoted R1 to R6) related to mobility management with discontinuous coverage.
R1		KI#1:	“minimizing a period of no coverage”
R2	KI#1:	“minimizing power consumption”
R3	KI#1:	“UE determines that it has to remain with no service or it has to attempt to register on available different RAT's/ PLMNs to receive the normal service during discontinuous coverage in current NTN RAT”
R4	KI#1:	“reduce the impact to target RAT or system due to large number of UEs triggering signalling load on the target RAT or system to receive normal service”
R5	KI#2:	“UE does not attempt PLMN access when there is no network coverage”
R6	KI#2:	“when there is network coverage the UE attempts PLMN access as needed e.g. to transfer signalling, transfer data or receive paging, etc.”
R7	None:	Avoid paging the UE when out of coverage
R7 is not part of KIs #1 and #2 but is added because it is supported by the solution in Release 17 and thus should be applicable to any alternative solution. 
Solutions may also have one of more of the following impacts. These refer to new impacts and not impacts already defined in Release 17 with the exception of impacts for the solution in Release 17 for discontinuous coverage which are considered as new impacts because the other solutions in the TR may avoid all or some of these impacts.
I1		New impact to UE to obtain coverage information and determine periods of coverage and no coverage
I2		New impact to UE to support mobility management (e.g. R1 to R7 above)
I3		New impact to CN (e.g. MME or AMF) to obtain coverage information and determine periods of coverage and no coverage for UEs
I4		New impact to CN (e.g. MME or AMF) to support mobility management (e.g. R1 to R7 above)
I5		New impact to RAN to support mobility management (e.g. R1 to R7 above)
A good solution should be able to support each of the requirements R1 to R7 for any UE, though not necessarily all requirements for every UE since some requirements may not be needed for some UEs (e.g. both R1 and R2). Likewise, not all impacts I1 to I5 may be needed. 
The solution in Release 17 assumes that the UE and MME separately know about and support periods of coverage and out of coverage for the UE. But there is no coordination between the UE and MME except for the MME possibly modifying the periodic TAU timer in the UE. As a consequence, the MME may expect the UE to be available during periods of coverage which may violate R2 if the UE prefers to remain in PSM during some periods of coverage. R4 is also not supported (due to lack of UE and MME coordination). R6 is not fully supported as a UE may remain IDLE when coverage resumes so the MME is not aware that the UE now has coverage; this may happen if the MME determination of UE coverage is incorrect (e.g. the UE has changed location). If the UE determination of coverage versus no coverage is correct, them R1 and R5 can one supported, and likewise R7 if MME determination of coverage is correct. R3 is probably not supported as coverage information in Release 17 seems limited to one satellite RAT. The solution in Release 17 has all five impacts I1, I2, I3, I4, I5, though I2 and I4 would be proprietary and maybe small.
Table 7.x2-1 shows the requirements support and impacts for the Solution in Release 17 as described above (and assuming the same type of solution is used for NR in Release 18) and the same for each of the other solutions that are applicable to mobility management. Note that Table 7.x2-1 does not show how well the requirements can be supported or the magnitude of the impacts, only that requirements can or cannot be supported to a degree and that there is or is not some types of impact.
	Solutions
	Requirements
	Impacts

	
	R1
	R2
	R3
	R4
	R5
	R6
	R7
	I1
	I2
	I3
	I4
	I5

	Solution in Release 17
	Y
	N
	N
	N
	Y
	N
	Y
	Y
	Y
	Y
	Y
	Y

	Solution #1: Power Saving based on AMF awareness of coverage information
	Y
	Y
	N
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	Solution #2: predictive Power Saving Mode
	N
	Y
	N
	N
	Y
	Y
	Y
	N
	Y
	Y
	Y
	N

	Solution #3: Power Saving based on UE awareness of coverage information
	Y
	Y
	N
	N
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y

	Solution #4: Mobility Management enhancement based on coverage information and UE location
	N
	N
	N
	N
	N
	N
	Y
	N
	N
	Y
	Y
	Y

	Solution #5: Power Saving based on updating parameters before releasing signalling connection
	U
	Y
	N
	N
	Y
	Y
	Y
	N
	N
	Y
	Y
	Y

	Solution #6: Discontinuous coverage architecture
	Y
	Y
	N
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	Solution #7: Utilizing discontinuous coverage wait timer for satellite discontinuous coverage scenario
	Y
	U
	N
	Y
	Y
	Y
	N
	Y
	Y
	N
	Y
	Y

	Solution #8: Leaving Coverage Notification
	Y
	U
	N
	N
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y

	Solution #9: Modification of Timers when in or out of Coverage
	U
	Y
	N
	N
	Y
	Y
	Y
	N
	Y
	Y
	Y
	N

	Solution #10: UE Reachability Events with Expected in Coverage Time
	This solution is not applicable to mobility management

	Solution #11: Combined UE Management Architecture
	Y
	Y
	N
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	Solution #12: Minimize discontinuous coverage by inter-RAT handover processing
	This solution is not applicable to coverage gaps from all satellite RATs at the same time

	Solution #13: Applicability of no service in discontinuous coverage
	N
	N
	Y
	N
	N
	N
	N
	N
	Y
	N
	Y
	N

	Solution #14: Wait timer for discontinuous coverage
	N
	N
	N
	Y
	N
	N
	N
	N
	Y
	N
	Y
	N

	Solution #15: Solution to support Provision of Coverage Data to a UE
	This solution only assists other solutions to support mobility management

	Solution #16: Solution to support a UE Triggered Generalized Unavailability Period
	Y
	Y
	N
	Y
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y


	NOTE:	Y = Yes,  N = No,  U = Unknown (not clarified by the solution)
Table 7.x2-1: Support of Mobility Management Requirements for KI#1 and KI#2
No solutions in Table 7.x2-1 are shown to support all requirements R1 to R7. One solution (Solution #16) supports 6 of these requirements. Four solutions (Solutions #1, #3, #6, #11) support 5 requirements. The solutions supporting 5 or more requirements are shown highlighted. These should be the most overall capable solutions. Of these solutions, solutions #1, #6, #11 require support of satellite coverage determination by both the UE and CN. Solutions #3 and #16 require support of satellite coverage determination only by the UE. 
7.x3	Limitations 
This clause evaluates whether solutions have any limitations that might restrict their use or cause them to fail. Only the more capable solutions #1, #3, #6, #11, #16 identified in clause 7.x2 are evaluated as the other solutions are already more limited.
For Solution #1, it is assumed that a UE in RRC CONNECTED state and accessing 5GS sends an RRC message when it is about to leave coverage (step 0 in Figure 6.1.2.1-1). A UE accessing EPS sends a TAU message when it is about to leave coverage (step 0 in Figure 6.1.2.2-1). It is not clear if the EPS procedure is only applicable to RRC CONNECTED state or can apply to RRC IDLE state.  If these procedures apply only to UEs in RRC CONNECTED state, then it seems that Solution #1 would be restricted to support of UEs which happen to be in RRC CONNECTED state when going out of coverage. If the solutions were to be extended to support UEs in RRC IDLE state, it would require UEs to go into RRC CONNECTED state shortly before going out of coverage in order to be able to send the RRC message for 5GS or TAU for EPS. This would be extra signalling for both the UE and network and is not consistent with UE power saving.  For example, what if the UE is already in PSM or using eDRX? The lack of clarity of Solution #1 on this aspect, the potential restriction to UEs in RRC CONNECTED state only and the extra signalling and lack of power saving if extended to RRC IDLE state are limitations of this solution.
For Solution #3, the UE uses existing PSM. eDRX or MICO procedures to cause the MME/AMF to treat the UE as unavailable during periods of no coverage. The MME/AMF is not aware of the difference between PSM, eDRX or MICO procedures used for out of coverage and PSM, eDRX or MICO procedures used for power saving. Therefore, as acknowledged in clause 6.3.3, the AMF/MME needs to honour the UE request and is not able to provide different PSM, eDRX or MICO parameters back to the UE, which is a limitation. That could mean, for example, that when out of coverage occurs rarely, support of PSM, eDRX or MICO for power saving will be degraded from a network perspective. A further limitation, which is a consequence of avoiding any protocol changes, is that because the CN cannot distinguish PSM. eDRX and MICO procedures employed for PSM purposes from the same procedures employed for discontinuous coverage with satellite RAT access, it may be difficult or impossible to use network analytics to evaluate and improve support of PSM, eDRX, MICO and satellite out of coverage on the network side. Both limitations would remain for Release 18 UEs in later releases even if improved protocol support was added later in say Release 19.
For Solution #6, the AMF can receive an unreachability period from both the UE (step 2 in Figure 6.6.2-1) and NWDAF (step 3 in Figure 6.6.2-1). The purpose of the NWDAF unreachability period is unclear. If it is the same (or almost the same) as the UE unreachability period, then it seems to serve no purpose (except maybe to verify the UE unreachability period). If the two periods are significantly different (e.g. because the NWDAF unreachability period is based on an assumed UE trajectory not used by the UE, or vice versa), then the actions of the AMF are unclear. For example, it is unclear whether the AMF should ignore the NWDAF unreachability period and use the UE unreachability period or whether the AMF should use the NWDAF unreachability period and possibly send this back to the UE at step 4 in Figure 6.6.2-1. If the AMF ignores a different NWDAF unreachability period, then the NWDAF unreachability period seems not needed and can be removed. In that case, Solution #6 becomes rather similar to Solution #16 which also uses an unreachability period sent by the UE to an MME or AMF. But if the AMF should use a different NWDAF unreachability period in some other way, then Solution #6 is incomplete and cannot be fully evaluated until that aspect is clarified.
For Solution #11, the “5GS UE Leaving Coverage Procedure” in clause 6.11.2.1 has 3 possible triggers: the RAN can detect the UE is about to leave coverage (step 1a), the UE can detect impending out of coverage (step 1b), or the AMF can detect the UE is about to lose coverage (step 1c). This implies impacts to the UE, RAN and AMF for accessing coverage related data (e.g. satellite ephemeris data or coverage map data as in Solution #15) and determining when the UE will go out of coverage. It is unclear if the solution can work correctly if not all of these impacts are supported. This makes the solution either complex (all impacts are supported) or error-prone (all impacts are not supported). A further limitation is that the UE seems expected to send the Registration Request in step 1b shortly before going out coverage rather than some time in advance (e.g. see “If the UE is in RRC_IDLE or RRC_CONNECTED at the end of a coverage period, the UE may send a Registration Request to the to notifying the network it is leaving network coverage” in clause 6.11.1). Sending the Registration Request some time in advance should be more efficient if the UE would otherwise be in IDLE state shortly before loss of coverage. A further limitation concerns the “EPS and 5GS UE Returning to Coverage Procedure” in cause 6.11.2.3 which does not require the UE to always notify the AMF when the UE has returned to coverage unless “the time the UE returns to coverage is different from the expected time as determined in the leaving procedure”. However, this option will lead to serious error if the UE returns to coverage significantly later than “the expected time as determined in the leaving procedure” because the UE will not be able to notify the AMF about this (due to the lack of coverage). This may lead to the AMF erroneously paging the UE for MT data and possibly even deregistering the UE due to lack of UE access.
For Solution #16, the UE and the AMF or MME would be synchronized concerning the period of unavailability of the UE due to a coverage gap or sequence of coverage gaps. The AMF or MME will also treat the UE as being unavailable until the UE resumes signalling again and is aware that unavailability is due to coverage gaps and not some other reason like PSM. Only the UE is impacted to determine the period of unavailability (not the RAN or AMF or MME). The UE can signal the period of unavailability to the AMF or MME sometime before a coverage gap starts. For these reasons, the limitations identified for the previous solutions do not apply. However, the solution does require signalling between the UE and AMF or MME both to indicate a period of upcoming unavailability and to tell the AMF or MME when this period has ended. This signalling is an overhead and if performed by a large number of UEs for each of a sequence of short coverage gaps could add significant signalling. However, this extra signalling can be avoided by only applying the solution to coverage gaps that exceed some minimum value (e.g. 5 or 10 minutes and possibly as defined by the RPLMN). Shorter coverage gaps can then be treated the same as temporary loss of TN coverage.

*** Next Change (all new) ***
[bookmark: _Toc97108988][bookmark: _Toc100782820][bookmark: _Toc100983198][bookmark: _Toc104439762]8	Conclusions
8.y1	Provision of Coverage Information to a UE
Based on the evaluation in clause 7.x1, Solution #15 provides a better means of providing coverage data to a UE (and the CN) than the solution in Release 17. Transfer of coverage data to a UE using NAS is recommended for Release 18 as well as support by NAS for transfer of coverage data to a UE using SMS or HTTPS from an external server. 
8.y2	Mobility Management
Based on the evaluations in clause 7.x2 and 7.x3, Solution #16 is recommended for Release 18 to support coordination of coverage gaps between a UE and AMF or MME.

*** End of Changes ***
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