3GPP TSG-RAN WG2 Meeting #123	R2-230 7217
Toulouse, France, August 21 – 25, 2023 	

Agenda Item		:	7.7.4.1.1
Source		:	LG Electronics Inc.
Title		:	Discussion on providing TN coverage area information
Document for		:	Discussion and Decision
1. Introduction
In the last meeting, following statements were agreed.
	RAN2#122 Agreements:
1. TN coverage info is NOT included in SIB19. FFS if we use an existing SIB or a new one
2.	We no longer consider option 3 alone for signaling the frequency information for TN coverage area (in case option 3 should be combined with option 1). Come back in the next meeting to decide between option 2 (plus possible fixes if needed) and option 1+3.


In this contribution, we provide our views on NTN-TN cell reselection enhancement.
2. Discussion
According to the last meeting, RAN2 decided not to use SIB19 for providing TN coverage information and postponed deciding which SIB is used for this. The TN coverage information shall be updated according to the movement of NTN cell coverage. If the TN coverage information is conveyed by legacy SIB, update of information other than TN coverage is redundant. Therefore, we propose introducing a new SIB for conveying TN coverage information to prevent redundant information update.
Proposal 1	Introduce a new SIB to providing TN coverage information.
In the last meeting, following options are provided to determine how to provide TN coverage information and its associated TN frequency based on the result of email discussion [1].  Also, we provide the possible ASN.1 representations for each option in Annex.
· Option 1: Frequency information (i.e. a list of TN frequencies) for each TN coverage area is indicated directly under each TN coverage area configuration.
· Option 2: A TN coverage area configuration is associated with a TN coverage Area ID. The frequency information for TN coverage area is indicated by adding TN coverage area IDs in SIB4 and SIB5.
· Option 1+3: Frequency index bitmap is indicated under each TN coverage area, where the frequency index refers to the frequency’s position in the frequency list of the current SIB4/5.
Each option requires different sizes of bits to represent the TN frequency and the association between TN frequency and TN coverage. As a result, they have different maximum numbers of TN coverage and the impact on SIB4/5, as represented in the table. Note that the maximum number of TN frequencies is 8, identical to SIB4/SIB5.
Table 1 Comparison among three options regarding required bits and impact on legacy SIB.
	Options
	Required bits
	Maximum numbers of TN coverage
	Impact on legacy SIB

	
	Per TN frequency
	Per TN coverage
	Per TN coverage identity
	
	

	Option 1
	22
	64
	-
	12
	-

	Option 2
	-
	64
	6
	46
	TN frequency ID is introduced within SIB4 and SIB5. (48 bits are required.)

	Option 1+3
	6
	64
	-
	26
	-



On the other hand, Option 2 impacts SIB4/5, not only needing additional information elements but also causing frequent updates of SIB4/5 according to the update of TN coverage information. Therefore, we propose not to pursue Option 2 unless it resolves the frequent update of SIB4/5.
Proposal 2	Do not pursue Option 2 as a solution of providing TN coverage and its associated frequency.
Due to extensive coverage of NTN cell, various kind of topography may be located under the coverage of NTN cell. For example, in case of shore, there are three kinds of geography: headland, straight line of shore and bay as illustrated in Figure 1. For the headland (Case1-1 and Case2-1 in Figure 1), NW can describe TN coverage as single dotted circle. For the bay (Case 1-2 and Case2-2 in Figure 1), NW can describe an area where there is no TN coverage as single dotted and patterned circle. If NW tries to describe TN coverage only with dotted circle, quite a lot of circles are needed to describe such TN coverage. As we can see in the example, area information can be efficiently signalled if NW can indicate an area having no TN coverage. To enable indicating such complement area information, we propose to allow NW to configure positive area information (TN coverage area) or negative area information (no TN coverage area).
[image: ]
Figure 1 Illustration of various topography under LEO NTN cell coverage. The negative area may need smaller number of the TN coverage information to indicate some topography than the positive area.
[image: ]
Figure 2 Illustration of GEO NTN cell coverage and TN coverage represented by the positive area (left) and the negative area (right). Positive area may cause more signaling overhead than negative area.
Observation 1	Area information can be efficiently signalled if NW can describe an area having no TN coverage in case when TN coverage has concave shape.
Proposal 3	Allow NW to configure positive area information (TN coverage area) or negative area information (no TN coverage area).
3. Conclusion
In this contribution, following statements are proposed:
Proposal 1	Introduce a new SIB to providing TN coverage information.
Proposal 2	Do not pursue Option 2 as a solution of providing TN coverage and its associated frequency.
Observation 1	Area information can be efficiently signalled if NW can describe an area having no TN coverage in case when TN coverage has concave shape.
Proposal 3	Allow NW to configure positive area information (TN coverage area) or negative area information (no TN coverage area).
4. References
[1] R2-2306643, Report from [103][NR-NTN Enh] NTN-TN cell reselection (Nokia).
5. Annex – Text proposals
For Option 1: 
[bookmark: _Toc139045645]–	TN-CoverageInfoList
The IE TN-CoverageInfoList contains information needed for the UE to perform measurement on the frequency included in the information.
TN-CoverageInfoList information element
-- ASN1START
-- TAG- TN-COVERAGEINFOLIST-START

TN-CoverageInfoList ::=             SEQUENCE (SIZE (1..maxTNCov) OF TN-CoverageInfo-r18

TN-CoverageInfo-r18 ::=              SEQUENCE {
    centerCoordinates-r18				ReferenceLocation-r17,			OPTIONAL,     -- Need R
	radius-r18							INTEGER(0..65525)              	OPTIONAL,     -- Need R
	tn-FreqList-r18						SEQUNECE (SIZE (1.. maxTNFreq) OF TN-Freq-r18
}

tn-Freq-r18 ::=              SEQUENCE {
    carrierFreq-r18                     ARFCN-ValueNR					OPTIONAL,     -- Need R
}

-- TAG-TN-COVERAGEINFOLIST-STOP
-- ASN1STOP

	TN-CoverageInfoList field descriptions

	radius
Distance from the center coordinates and is used in TN frequency measurement initiation in RRC_IDLE and RRC_INACTIVE. Each step represents 50m.

	tn-FreqList-r18
Provides a list of TN carrier frequency associated with the tn-CoverageInfo.




For Option 2:
–	TN-CoverageInfoList
The IE TN-CoverageInfoList contains information needed for the UE to perform measurement on the frequency included in the information.
TN-CoverageInfoList information element
-- ASN1START
-- TAG- TN-COVERAGEINFOLIST-START

TN-CoverageInfoList ::=             SEQUENCE (SIZE (1..maxTNCov) OF TN-CoverageInfo-r18

TN-CoverageInfo-r18 ::=              SEQUENCE {
    centerCoordinates-r18				ReferenceLocation-r17			OPTIONAL,     -- Need R
	radius-r18							INTEGER(0..65525)              	OPTIONAL,     -- Need R
	tn-CoverageInfo-Id-r18				TN-CoverageInfo-Id,				OPTIONAL,     -- Need R
}

-- TAG-TN-COVERAGEINFOLIST-STOP
-- ASN1STOP

	TN-CoverageInfoList field descriptions

	radius
Distance from the center coordinates and is used in TN frequency measurement initiation in RRC_IDLE and RRC_INACTIVE. Each step represents 50m.

	tn-CoverageInfo-Id
An identifier for TN coverage information. The network configures the BWPs with consecutive IDs from 0.



[bookmark: _Toc60777180][bookmark: _Toc139045510]–	tn-CoverageInfo-Id
The IE tn-CoverageInfo-Id is used to refer to TN coverage information. The TN coverage information is referred to by TN-CoverageInfo-Id 0 to maxNrofTN-CoverageInfo.
TN-CoverageInfo-Id information element
-- ASN1START
-- TAG-TN-COVERAGEINFO-ID-START

TN-CoverageInfo-Id ::=                          INTEGER (0..maxNrofTN-CoverageInfo)

-- TAG-TN-COVERAGEINFO-ID-STOP
-- ASN1STOP

[bookmark: _Toc60777143][bookmark: _Toc139045466]–	SIB4
SIB4 contains information relevant for inter-frequency cell re-selection (i.e. information about other NR frequencies and inter-frequency neighbouring cells relevant for cell re-selection), which can also be used for NR idle/inactive measurements. The IE includes cell re-selection parameters common for a frequency as well as cell specific re-selection parameters.
SIB4 information element
-- ASN1START
-- TAG-SIB4-START

SIB4 ::=                            SEQUENCE {
    interFreqCarrierFreqList            InterFreqCarrierFreqList,
    lateNonCriticalExtension            OCTET STRING                                OPTIONAL,
    ...,
    [omitted]
}

InterFreqCarrierFreqList ::=        SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo

[omitted]

InterFreqCarrierFreqInfo ::=        SEQUENCE {
    dl-CarrierFreq                      ARFCN-ValueNR,
    frequencyBandList                   MultiFrequencyBandListNR-SIB                                OPTIONAL,   -- Cond Mandatory
	tn-CoverageInfo-ID-r18				TN-CoverageInfo-ID-r18,		OPTIONAL, 		-- Need M
    [omitted]
}

[omitted]

-- TAG-SIB4-STOP
-- ASN1STOP

	SIB4 field descriptions

	[omitted]

	dl-CarrierFreq
This field indicates center frequency of the SS block of the neighbour cells, where the frequency corresponds to a GSCN value as specified in TS 38.101-1 [15] or TS 38.101-5 [75].

	frequencyBandList
Indicates the list of frequency bands for which the NR cell reselection parameters apply.

	tn-CoverageInfo-ID-r18
Indicates the ID of TN coverage information represented within SIBXX.

	[omitted]



	Conditional Presence
	Explanation

	Mandatory
	The field is mandatory present in SIB4.

	[omitted]



[bookmark: _Toc60777144][bookmark: _Toc139045467]–	SIB5
SIB5 contains information relevant only for inter-RAT cell re-selection i.e. information about E-UTRA frequencies and E-UTRAs neighbouring cells relevant for cell re-selection. The IE includes cell re-selection parameters common for a frequency.
SIB5 information element
-- ASN1START
-- TAG-SIB5-START

SIB5 ::=                            SEQUENCE {
    carrierFreqListEUTRA                CarrierFreqListEUTRA                        OPTIONAL,       -- Need R
    [omitted]
}

CarrierFreqListEUTRA ::=            SEQUENCE (SIZE (1..maxEUTRA-Carrier)) OF CarrierFreqEUTRA

[omitted]

CarrierFreqEUTRA ::=                SEQUENCE {
    carrierFreq                         ARFCN-ValueEUTRA,
	tn-CoverageInfo-ID-r18				TN-CoverageInfo-ID-r18,		OPTIONAL, 		-- Need M
    [omitted]
}

[omitted]
}

-- TAG-SIB5-STOP
-- ASN1STOP

	SIB5 field descriptions

	carrierFreqListEUTRA
List of carrier frequencies of E-UTRA. If the carrierFreqListEUTRA-v1610/ carrierFreqListEUTRA-v1700 is present, it shall contain the same number of entries, listed in the same order as in the carrierFreqListEUTRA (without suffix).

	tn-CoverageInfo-ID-r18
Indicates the ID of TN coverage information represented within SIBXX.

	[omitted]



	Conditional Presence
	Explanation

	RSRQ
	The field is mandatory present if the threshServingLowQ is present in SIB2; otherwise it is absent.




For Option 3:
–	TN-CoverageInfoList
The IE TN-CoverageInfoList contains information needed for the UE to perform measurement on the frequency included in the information.
TN-CoverageInfoList information element
-- ASN1START
-- TAG- TN-COVERAGEINFOLIST-START

TN-CoverageInfoList ::=             SEQUENCE (SIZE (1..maxTNCov) OF TN-CoverageInfo-r18

TN-CoverageInfo-r18 ::=              SEQUENCE {
    centerCoordinates-r18				ReferenceLocation-r17,			OPTIONAL,     -- Need R
	radius-r18							INTEGER(0..65525)				OPTIONAL,     -- Need R
	tn-FreqSIB4-r18						BIT STRING (SIZE (3)),			OPTIONAL,     -- Need R
	tn-FreqSIB5-r18						BIT STRING (SIZE (3)),			OPTIONAL      -- Need R
}

-- TAG-TN-COVERAGEINFOLIST-STOP
-- ASN1STOP

	TN-CoverageInfoList field descriptions

	radius
Distance from the center coordinates and is used in TN frequency measurement initiation in RRC_IDLE and RRC_INACTIVE. Each step represents 50m.

	tn-FreqSIB4-r18
A bitmap for TN frequency represented in SIB4.
For the bits representing TN frequencies, the most significant bit of the bit string represents the first frequency in SIB4 and the second significant bit of the bit string represents the second frequency in SIB4 and so on.

	tn-FreqSIB5-r18
A bitmap for TN frequency represented in SIB5.
For the bits representing TN frequencies, the most significant bit of the bit string represents the first frequency in SIB5 and the second significant bit of the bit string represents the second frequency in SIB5 and so on.
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