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1. Introduction
For IoT NTN, RAN2 has introduced new SystemInformationBlockType32 message to provide satellite assistance information for prediction of discontinuous coverage. However, there are still some remaining issues coming from several sources, which need to be discussed:
1) Editor’s Note related to SIB32 in the latest RRC specification:
Editor's Note: Agreement: For Prediction of discontinuous coverage, Information about satellite id, ephemeris type (FFS if two, three of four types) and epoch time will be provided with the ephemeris information. FFS if epoch time can be optional and be implicitly derived.
2) During ASN.1 review for TS 36.331, the following RILs are related to SIB32 which we think need more carefully discussion:
	RIL number
	Description and/or Proposed Change

	Z302, Z311, Z314
	The SIB32 contains satellite assistance information for prediction of discontinuous coverage. The change notification would also NOT be applied to SIB32.

	H000
	For now, this (change of some satellite parameters not impact systemInfoValueTag) only applies to SIB31, SIB 32 is not decided yet. This should be clear.

	H015
	Serving satellite can also be signalled in SIB32

	O300, O302
	It (change of some satellite parameters not impact systemInfoValueTag) should not include the satellite assistance information for prediction of discontinuous coverage, i.e. SIB32.

	O308, O310
	The current satellite information for prediction of discontinuous coverage does not include epoch time, and only six orbital ephemeris parameters without epoch time would not work. Therefore, epoch time should also be involved in SatelliteInfo-r17, other than the field ephemerisOrbitalParameters-r17.

	C503
	This parameter (ephemerisOrbitalParameters-r17) should be optional, because in some case, t-Service is enough for coverage prediction. For example, if the coverage of the incoming satellite cell is not smaller than the current serving satellite cell.


3) Thirdly, during the email discussion “[Post117-e][906][IoT-NTN] Non-Continuous Converge”, some issues related SIB32 have been discussed and some new proposals are given as below:
· Proposal 1: RAN2 will use SGP4 mean elements (Type 4) for sharing mean ephemeris, to support discontinuous coverage in IoT-NTN.
· Proposal 2: RAN2 will explicitly use the epoch for sharing the mean ephemeris elements (of serving satellite, as well as the neighbour satellites) in IoT-NTN. RAN2 will discuss the possible format of epoch time as part of the new SIB.
· Proposal 5: RAN2 will include Satellite footprint reference location (coordinates) and coverage radius for earth-fixed cells (besides already agreed coverage start and end-times). RAN2 will discuss if elevation angle needs to be included for earth-moving beams. 
In the following sections, we will discuss the remaining issues for SIB32 and give our proposals.
2. Discussion
Issue#1: Serving satellite information in SIB32
In RAN2#117e meeting, the following agreement had been made. It mentioned that serving satellite can also be potentially provided for coverage prediction purpose:
· RAN2 assumes that for Discontinuous Coverage, network can signal mean ephemeris parameters (for neighbours and potentially serving satellite for coverage prediction purpose), using the same (already introduced) ephemeris format. UE can always assume these are mean values and It is up to the network implementation to derive this mean value (and any trade-off between instantaneous and mean values if needed). FFS whether additional assumptions (like averaging time) need to be clarified, e.g. to have predictable performance.

In [RILH015] in ASN.1 review, company further suggest that serving satellite can also be signalled in SIB32. Previously, we think such provision is unnecessary. Since serving satellite information has already been provided via SIB31, provision of it via SIB32 would be redundant.
However, according to the latest email discussion [Post117-e][906], most companies can agree the satellite information in SIB32 would be a “mean” ephemeris information with Type4. And the typical validity of such type “mean” ephemeris information can be several weeks. We therefore assume the satellite information in SIB32 would be different from that (e.g., instantaneous satellite information) in SIB31. Then we can agree provision of serving satellite in SIB32 could be beneficial.
Proposal 1: Serving satellite information with Type 4 can be provided via SystemInformationBlockType32.

Issue#2: Whether to support two types satellites information
Based on the agreement in last meeting, we understand only one type of mean orbital element would be provided in SIB32. Since more companies can agree to provide Type4 orbital element, there would be no way to provide instantaneous orbital element. But during email discussion, some satellite operators suggest the flexibility that network can select among different types of ephemeris types (e.g., Type 1 or Type 4). Or in other word, they want to introduce both types of parameters and make them optional.
However, we see some unnecessary complexity. Firstly, if instantaneous type still can be allowed, we assume serving satellite should be deliberately skipped in order to avoid any redundant provision. Secondly, only from signalling perspective, it’s possible that different types can be configured for different neighbour/serving satellites in a SIB32. It’s obvious that if such situation occurs, it would make the update of SIB32 very complicated. Even if we introduce some restriction to ensure all satellites in the same SIB32 are of the same type and only allow different satellite types in different SIB32s, the update of SIB32 would still be complicated. Therefore, we suggest not to pursue such scheme with unclear “flexibility” but clear complexity in this release.
Proposal 2: Only one type satellite information, e.g., Type4, can be supported in SystemInformationBlockType32.

Issue#3: Satellite ID
It’s still FFS whether information about satellite id will be provided with the ephemeris information. During the email discussion, we suggest that, since satellite list is already introduced in current SIB32, the index of each item in this list can be used as the Satellite Id. Some other companies have different opinions and think Satellite ID cannot be inferred by the position in the list.
Since there is no explicit spcificatinon description on how the UE perform prediction of discontinuous coverage, we don't exactly know how the Satellite ID would be used. For example, is it any possible that UE needs to “merge” or synthesize information of the same satellite from different SIB32? If it’s possible, a gloable ID may be needed for each satellite to uniquely identify it. Per our knowledge, we assume a Satellite ID definition with one byte length may be sufficient.
Proposal 3: If item index within a satellite list is not enough for identifying a satellite, it’s suggested to introduce a Satellite ID definition with one byte length.

Issue#4: Epochtime and validation duration for the satellites
During email discussion, more companies can agree “epoch time” of serving satellite, as well as the neighbour satellites would be needed in SIB32. The possible format of epoch time needs to be discussed.
For reference, the current definition for epoch time for serving satellite in SIB31 is as below:
SystemInformationBlockType31 information element
-- ASN1START

SystemInformationBlockType31-r17 ::= SEQUENCE {
	servingSatelliteInfo-r17		ServingSatelliteInfo-r17,
	lateNonCriticalExtension		OCTET STRING					OPTIONAL,
	...
}

ServingSatelliteInfo-r17 ::= 	SEQUENCE {
	//skip unrelated parts//
	ul-SyncValidityDuration-r17		ENUMERATED {s5, s10, s15, s20, s25, s30, s35, s40,
												s45, s50, s55, s60, s120, s180, s240},
	epochTime-r17					SEQUENCE {
		startSFN-r17					INTEGER (0..1023),
		startSubFrame-r17				INTEGER (0..9)
	}																OPTIONAL,	-- Need OP
	//skip unrelated parts//
	...
}

-- ASN1STOP

	SystemInformationBlockType31 field descriptions

	epochTime
Epoch time of the satellite ephemeris data and common TA parameters, see TS 36.213 [23]. The reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the uplink time synchronization reference point.
epochTime is the starting time of a DL subframe indicated by startSFN and startSubframe.
If the field is absent, the UE uses the starting time of the DL subframe corresponding to the end of the SI window during which the SI message carrying SIB31 is transmitted.
E-UTRAN always includes epochTime when SystemInformationBlockType31 is provided through dedicated signalling.


It can be seen that epoch time is either same as the time point of DL subframe corresponding to the end of the SI window during which the SI message carrying SIB31 is transmitted, or within the range of positive or negative 10.24 seconds from this time point. Since the serving satellite in SIB31 is instantaneous satellite information, we understand such “short range” epoch time would be suitable. 
However, for the Type 4 mean orbital element, we understand its epoch time would have relationship with the Typical Validity of the mean element type. Since the Typical Validity can be several hours and even several weeks, the “short range” epoch time would be no longer suitable. Some other way may be needed to indicate kind of very long epoch time. The straightforward thinking is, whether H-SFN would be also needed for the epoch time here? Or maybe H-SFN is still not enough. Then UTC time type would be needed. Since the possible required value range may be as long as weeks, we think UTC time type may be the only suitable option. Moreover, UTC time and leap seconds need to be provided together.
Moreover, during email discussion, companies mentioned the observation that the epoch times of the ephemeris information sent for different satellites is unlikely to coincide. Each advertised satellite will come with its own epoch time, which only indicates the time at which the TLE was determined.
Proposal 4a: Explicit epoch time for each satellite can be provided in SIB32. UTC time type (with leap seconds) is used.
Moveover, as mentioned by some companies during email discussion, it’s still not clear whether a ‘validity duration’ is needed or is it implicit from the ephemeris type? Per our understanding, “implicit” here may means a fixed value, e.g., UE can deduce the validity duration of a satellite information after knowing the type of this mean satellite information. However, from flexibility perspective, we tend to think even for a same type mean satellite information, the validity duration for different satellites can be different. Based on this thinking, it may be beneficial to also provide and update the validity duration of each satellite. For example, if the UE knows a satellite would be no longer valid, the UE can exclude it from the prediction process to avoid prediction errors. We suggest to use minutes as the unit for this validity duration.
Considering the epoch time and validity duration can be different for different satellites and their accuracy will affect the discontinuous coverage prediction result of the UE in idle state, legacy change notification procedure needs to be applied to SIB32. We can assume that the change of SIB32 would be very infrequently due to the long validity of the mean satellite information, then such update may cause little impact on UE power saving.
In addition, if the network can trigger the update of SIB32 at the earliest time point among the end of the validity duration for each satellite, the network may no longer need to provide this validity duration for each satellite. If validity duration is absent for a satellite, UE can assume this satellite is always valid till it’s updated. Therefore, validity duration can be optional in SIB32.
Proposal 4b: The validity duration of each satellite can be optionally provided in SIB32, unit in minutes.
Proposal 5: Legacy change notification procedure can be applied for SIB32.
3. Conclusions
In this contribution, we make the following observations and proposal:
Proposal 1: Serving satellite information with Type 4 can be provided via SystemInformationBlockType32.
Proposal 2: Only one type satellite information, e.g., Type4, can be supported in SystemInformationBlockType32.
Proposal 3: If item index within a satellite list is not enough for identifying a satellite, it’s suggested to introduce a Satellite ID definition with one byte length.
Proposal 4a: Explicit epoch time for each satellite can be provided in SIB32. UTC time type (with leap seconds) is used.
Proposal 4b: The validity duration of each satellite can be optionally provided in SIB32, unit in minutes.
Proposal 5: Legacy change notification procedure can be applied for SIB32.

The example text proposals for implementing the above proposals are given in section 3.
3. Text proposals
	First Change


[bookmark: _Toc46481005][bookmark: _Toc46482239][bookmark: _Toc46483473][bookmark: _Toc100791548]6.3.1	System information blocks
[bookmark: _Toc100791579]–	SystemInformationBlockType32
The IE SystemInformationBlockType32 contains satellite assistance information for prediction of discontinuous coverage.
SystemInformationBlockType32 information element
-- ASN1START

SystemInformationBlockType32-r17 ::= SEQUENCE {
	satelliteInfoList-r17				SatelliteInfoList-r17	OPTIONAL,	-- Need OR
	lateNonCriticalExtension			OCTET STRING					OPTIONAL,
	...
}

SatelliteInfoList-r17 ::= SEQUENCE (SIZE (1..maxSat-r17)) OF SatelliteInfo-r17

SatelliteInfo-r17 ::= SEQUENCE {
[bookmark: _GoBack]	satelliteID-r17					BIT STRING (SIZE (8))
	ephemerisOrbitalParameters-r17	EphemerisOrbitalParameters-r17,	
	epochTime-r17					TimeUTC-r17,
	validityDuration-r17			ENUMERATED {m5, m30, m60, m240, m480, m1440,
									m2880, m5760, m11520, m17280, m17280, m20160,
									spare4, spare3, spare2, spare1} OPTIONAL,	-- Need OR
	t-Service-r17					TimeUTC-r17				OPTIONAL,	-- Need OR
	... 
}

-- ASN1STOP

Editor's Note: Agreement: For Prediction of discontinuous coverage, Information about satellite id, ephemeris type (FFS if two, three of four types) and epoch time will be provided with the ephemeris information. FFS if epoch time can be optional and be implicitly derived.

	SystemInformationBlockType32 field descriptions

	ephemerisOrbitalParameters
Mean values of the satellite orbital parameters.

	epochTime
Epoch time of the satellite ephemeris for serving or neighbor satellites.

	satelliteID
Satellite identity for serving or neighbor satellites.

	t-Service
Time information on when the incoming satellite is going is to start serving the area for Quasi-Earth Fixed satellites.



	Next Change


–	TimeUTC
The IE TimeUTC provides the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900).
TimeUTC information element
-- ASN1START

TimeUTC-r17 ::=		INTEGER (0..549755813887)SEQUENCE {
	timeInfoUTC-r11						INTEGER (0..549755813887)
	leapSeconds-r11						INTEGER (-127..128)			OPTIONAL,	-- Need OR
}

-- ASN1STOP





