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Introduction
In the latest IoT NTN WID RP-223519 [1], the objective of further enhancement to discontinuous coverage is listed below:
-	Study and specify, if needed, mobility management enhancements and power saving enhancements for discontinuous coverage, taking into account the conclusions from the SA2 study FS_5GSAT_Ph2.  [RAN2, RAN3].
For enhancements on discontinuous coverage, SA2 has finished their study on Integration of satellite components in the 5G architecture (Phase 2) and 23 solutions have been adopted in the TR 23.700-28 V18.0.0 [2]. Under the new WID proposed in SA2#154AH meeting [3], SA2 has already started the normative work from SA2#154AH meeting on January, 2023. Meanwhile, RAN3 has had initial discussion on the RAN3 impacts of some solutions.
In RAN2#121 meeting, RAN2 has had initial discussion on this topic and the following agreements have been achieved:
	Agreements:
1. RAN2 can continue to check whether dedicated RRC signalling can be used for providing satellite information corresponding to discontinuous coverage.
2. RAN2 will support enhancements in paging and eDRX, in alignment with the work in SA2 and CT1. FFS on the details
3. RAN2 may consider enhancements for connected UE upon detecting discontinuous coverage (e.g., suspend RLM, RLF detection, and RRC re-establishment process)
4. Companies supporting the store and forward approach can bring a proposal to the plenary for TEI18 or for updating the WID


In RAN2#121bise meeting, the following agreements have been achieved:
	1. RAN2 will not introduce any enhancement to allow a UE in RRC Connected to stay in RRC_CONNECTED during/after a coverage gap (e.g. suspend RLM/RLF, activation time in RRC Reconfiguration, CHO enhancement)

2. RAN2 to introduce enhancement to RRC Release using one of the following options (FFS which one):
-	Explicit RRC Release using a new RRC Release cause
-	UE Autonomous release (e.g. timer based or upon detection of coverage gap)


In RAN2#122 meeting, no further agreement has been achieved. In the email discussion “[Post122][113][IoT NTN Enh] Discontinuous coverage” after RAN2#122 meeting, some issues have been discussed. In this document, we will further discuss some remaining issues about enhancements for discontinuous coverage.
Discussion
Background: Progress in SA2
SA2 has agreed the following aspects to support discontinuous coverage in NAS layer, especially on how to (re)negotiate the unavailability period between UE and core network:
	[bookmark: _GoBack]TS 23.401 i20
4.13.8.2	Mobility Management and UE Power Saving Optimization
For satellite access that provides discontinuous network coverage, and in case both the UE and the network support Enhanced Discontinuous Coverage, then the Mobility Management and UE Power Saving Optimization functionality may be used.
If both the UE and the network indicate support for "Enhanced Discontinuous Coverage Support" and if the UE determines it will lose coverage and will become unavailable, and decides to remain in no service during that time, then:
-	The UE may be able to determine, including considering current and expected future locations of the UE, a Start of Unavailability Period and/or Unavailability Period Duration for when it expects to be out of coverage.
NOTE 1:	A UE, based on implementation, can combine successive periods of no satellite coverage into a single continuous period that is notified to the network if the UE does not require network access during this period.
NOTE 2:	UE informing the network of coverage gaps would increase signalling and UE power consumption if coverage gaps are more frequent than UE's communication period.
-	The UE triggers a TAU procedure and includes an indication of upcoming loss of coverage in the TAU Request message to the MME. If the UE is able to determine a Start of Unavailability Period and/or Unavailability Period Duration it also includes them in the TAU Request message.
-	The UE should trigger the TAU procedure early enough such that the procedure, under normal conditions, is able to complete before the start of the unavailability period.
-	The UE and the MME re-negotiate unavailability at every TAU procedure, if it is required. If Start of Unavailability Period and/or Unavailability Period Duration is not included in a TAU Request message any pending loss of coverage configuration stored in the UE context at MME is discarded.
-	If the UE determines an upcoming loss of coverage to the network no longer applies or determines a new Start of Unavailability Period or Unavailability Period Duration related to the upcoming loss of coverage, the UE sends a new TAU Request.
Upon receiving a TAU Request message from the UE including an indication of upcoming loss of coverage:
-	If the UE did not include a Start of Unavailability Period, the MME considers implicitly the Start of Unavailability Period to be the time at which it has received the TAU Request message from the UE. If the UE included a Start of Unavailability Period, the Start of Unavailability Period indicates the time at which the UE determines it expects to lose coverage, i.e. time until which the UE determines it is available.
Editor's note:	The encoding of the Start of Unavailability Period will be determined by CT WG1.
-	The MME may determine, if not provided by the UE, or update the Unavailability Period Duration.
	If the MME knows an Unavailability Period Duration (e.g. based on information available to the MME as described in clause 4.13.8.4) for the UE, and the UE not include an Unavailability Period Duration or included an Unavailability Period Duration different to the Unavailability Period Duration known to the MME, the MME may use either the Unavailability Period Duration known to the MME or the Unavailability Period Duration from the UE as the Unavailability Period Duration. The MME should include the Unavailability Period Duration known to the MME in the TAU Accept. How the UE treats the MME provided Unavailability Period Duration is up to UE implementation e.g. to help to determine when to return to coverage after a discontinuous coverage period, whether to listen to paging in eDRX, not to initiate any NAS signalling (including Service Request for MO data) within the discontinuous coverage period in case of any UL signalling/data request or the UE may deactivate its Access Stratum functions for satellite access in order to optimise power consumption until coverage returns, etc.
	The MME indicates to the UE in the TAU Accept whether the UE is not required to perform a TAU procedure when the unavailability period has ended, is delayed or is cancelled.
-	The MME stores the information that the UE is unavailable at the Start of Unavailability Period in the UE context, and considers the UE is unreachable from then until the UE enters ECM_CONNECTED state.



Adjustment to PTW
It can be seen SA2 has agreed some negotiation in NAS layer between UE and CN to support discontinuous coverage, especially on how to (re)negotiate the unavailability period. Furthermore, SA2 specification also indicates that, when MME provides the UE with timers (e.g. periodic TAU timer, extended idle mode DRX, and PSM mode configuration), it may also consider the Unavailability Period Duration (if available) and Start of Unavailability Period (if available). 
According to the above progress in SA2, we can assume the UE and core network can negotiate the suitable timer length (e.g., long enough) for the related PSM/eDRX timers in the scenario of discontinuous network coverage.
However, taking eDRX scheme as example, even CN can configure a suitable eDRX cycle for the UE, the position of Paging Hyperframe (PH), PTW_start and PTW_end are fixed according to the formula given in TS 36.304 (mainly determined by eDRX cycle, PTW length and UE_ID) as below, which may not be aligned with the end of the Unavailability Period (Start of Unavailability Period + Unavailability Period Duration):
	TS 36.304 
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 ……The PTW is UE-specific and is determined by a Paging Hyperframe (PH), a starting position within the PH (PTW_start) and an ending position (PTW_end). PH, PTW_start and PTW_end are given by the following formulae:
The PH is the H-SFN satisfying the following equation:
H-SFN mod TeDRX,H= (UE_ID_H mod TeDRX,H), where
-	UE_ID_H:
- 10 most significant bits of the Hashed ID, if P-RNTI is monitored on PDCCH or MPDCCH
- 12 most significant bits of the Hashed ID, if P-RNTI is monitored on NPDCCH
-	T eDRX,H : eDRX cycle of the UE in Hyper-frames, (TeDRX,H =1, 2, …, 256 Hyper-frames) (for NB-IoT, TeDRX,H =2, …, 1024 Hyper-frames) and configured by upper layers.
PTW_start denotes the first radio frame of the PH that is part of the PTW and has SFN satisfying the following equation:
SFN = 256* ieDRX, where
-	ieDRX = floor(UE_ID_H /TeDRX,H) mod 4
PTW_end is the last radio frame of the PTW and has SFN satisfying the following equation:
SFN = (PTW_start + L*100 - 1) mod 1024, where
-	L = Paging Time Window length (in seconds) configured by upper layers


As illustrated in the following example Figure 1, the position of Paging Hyperframe (PH) and PTW_start may be earlier than the end of the Unavailability Period. Therefore, if just following the existing calculation for PH and PTW_start and no introducing any enhancement, the UE would start monitoring PTW within Unavailability Period, this is undesired:


Figure 1
A straightforward way to addressing this issue is to try to adjust the PTW_start to align it with or after the end of the Unavailability Period. This may have impacts at least on the TS 36.304 specification. Here are some further considerations:
· If UE and eNB can determine the offset between PTW_start and the end of the Unavailability Period, they can delay the PTW_start by this offset respectively and still keep consistence on PTW_start. By this way, there is no need for eNB to explicitly configure offset to the UE. But at least the eNB also needs to acquire the information of the Unavailability Period in advance, e.g., from CN.
· However, even the Unavailability Period is a UE-specific parameters, it’s still possible for several or many UEs to be very close on the end of the Unavailability Period. Therefore, in order to distribute the PTW_start for different UEs, it may still need eNB to configure different UE-specific offset for different UEs (which may be similar or a bit larger than the calculated offset between the PTW_start and the end of the Unavailability Period).
· Considering the granularity of Unavailability Period may be large, e.g., minutes or hours, the offset between PTW_start and the end of the Unavailability Period may be also large, e.g., larger than a Paging Hyperframe. Since the adjustment for PTW_start can only be within one PH, only to adjust PTW_start may be not enough. We may firstly need to align PH with the end of the Unavailability Period coarsely, and then to align PTW_start with the end of the Unavailability Period precisely.
Based on the above consideration, we give the following proposals:
Proposal 1a: If the PTW_start for a UE configured with eDRX is earlier than the end of the Unavailability Period, the UE can adjust PTW_start with an offset_ptw to make it aligned with to or later than the end of the Unavailability Period.
Proposal 1b: If the PH for a UE configured with eDRX is earlier than the H-SFN where the end of the Unavailability Period is located, the UE can adjust PH with an offset_ph to make it aligned with or later than the H-SFN where the end of the Unavailability Period is located.
Proposal 1c: RAN2 discuss the following options for determining the offset_ptw and/or offset_ph:
· Option 1: UE and eNB calculate the offset_ptw and/or offset_ph respectively, according to the information of PTW and the Unavailability Period in their own sides.
· Option 2: eNB configures the offset_ptw and/or offset_ph for the UE via RRC signaling.
Proposal 1d: If the Option 1 in Proposal 1c can be agreed, RAN2 discuss how the eNB can acquire the information of Unavailability Period.

AS-NAS interaction for Unavailability Period 
SA2 has agreed UE and CN can negotiate the Unavailability Period Duration (if available) and Start of Unavailability Period parameters. However, it’s easy to understand, in UE side, the first-hand information about discontinuous coverage should be the one obtained through SIB32 by the UE. So we think before negotiation with CN, NAS layer needs to acquire Unavailability Period related assistance information from AS layer, e.g., via kind of AS-NAS layer interaction. NAS layer can directly make use of this information or re-process it.
In AS layer, we can just define such parameter as the Unavailability Period related assistance information, but at least in this R18, the details about how to generate it can be left to UE implementation.
Please note, according to the discussion in section 2.2, such Unavailability Period related assistance information may also be needed in TS 36.304 spec for determining the offset of PH and PTW_start.
Proposal 2a: AS layer can generate the Unavailability Period related assistance information parameter based on the SIB32. At least in this R18, the details about how to generate this parameter can be left to UE implementation.
Proposal 2b: For facilitating NAS layer to negotiate the Start of Unavailability Period and the Unavailability Period Duration with CN, it’s suggested to introduce AS-NAS interaction for UE to deliver the Unavailability Period related assistance information from AS layer to NAS layer. 
[bookmark: _Hlk83889356][bookmark: _Hlk83889312]Conclusion
[bookmark: _Hlk83889481]In previous sections, the following observations and proposals were made: 
Proposal 1a: If the PTW_start for a UE configured with eDRX is earlier than the end of the Unavailability Period, the UE can adjust PTW_start with an offset_ptw to make it aligned with to or later than the end of the Unavailability Period.
Proposal 1b: If the PH for a UE configured with eDRX is earlier than the H-SFN where the end of the Unavailability Period is located, the UE can adjust PH with an offset_ph to make it aligned with or later than the H-SFN where the end of the Unavailability Period is located.
Proposal 1c: RAN2 discuss the following options for determining the offset_ptw and/or offset_ph:
· Option 1: UE and eNB calculate the offset_ptw and/or offset_ph respectively, according to the information of PTW and the Unavailability Period in their own sides.
· Option 2: eNB configures the offset_ptw and/or offset_ph for the UE via RRC signaling.
Proposal 1d: If the Option 1 in Proposal 1c can be agreed, RAN2 discuss how the eNB can acquire the information of Unavailability Period.

Proposal 2a: AS layer can generate the Unavailability Period related assistance information parameter based on the SIB32. At least in this R18, the details about how to generate this parameter can be left to UE implementation.
Proposal 2b: For facilitating NAS layer to negotiate the Start of Unavailability Period and the Unavailability Period Duration with CN, it’s suggested to introduce AS-NAS interaction for UE to deliver the Unavailability Period related assistance information from AS layer to NAS layer.
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