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[bookmark: _Ref165266342]Introduction
In RAN2#122, further agreements regarding NTN-TN cell reselection enhancements were achieved as follows [1]:
Agreements:
1. An RRC_IDLE/RRC_INACTIVE UE is not required to perform neighbour cell measurements for cell reselection for a TN frequency in the area, if configured, where there is no coverage of that frequency, regardless of the frequency priority
2. Reuse the same format of Rel-17 referenceLocation and distanceThresh for signaling the TN coverage area centre and radius
3. TN coverage info is NOT included in SIB19. FFS if we use an existing SIB or a new one
4. We don’t introduce RRC dedicated signalling to provide more accurate TN coverage information

Agreements:
1. 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 analyses and proposals about the signaling details of the TN coverage area to complete the feature of NTN-TN cell reselection enhancements.
Discussion
The first remaining issue of signaling detail of the TN coverage area is which SIB is used to include this information. After the discussion in the last meeting, SIB19 was excluded and we need to discuss whether to use the existing SIB or introduce a new SIB to include the TN coverage information. If we don’t introduce a new SIB, TN coverage information should be included in SIB4/SIB5 since TN coverage information is related to inter-frequency and inter-RAT frequency measurements. Considering the scenario that the serving cell is a quasi-earth-fixed cell, the TN coverage information in the cell does not need to be updated frequently, but SIB4/SIB5 may be updated frequently since the movement of neighboring cells may result in neighbor frequency change frequently. This will result in additional signaling overhead because UE does not need to reacquire the TN coverage information. Therefore, in order to make the update of TN coverage information and the update of frequency related information not affect each other, we propose that a new SIB should be introduced to include TN coverage information.
Proposal 1: A new SIB is introduced to include TN coverage area information.
The next remaining issue is how to indicate the frequency information for each TN coverage area. There were three options from the [offline-103] in the last meeting [2].
· 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 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.
Regarding this issue, RAN2 agreed to no longer consider option 3 alone and propose to choose a solution between option 2 and option 1+3, the corresponding agreements are excerpted as follows.
Agreements:
1. 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. 
Option 2 and option 1+3 correspond to two types of signaling structure respectively. One type is to indicate the TN coverage area of each frequency via a TN coverage area ID (i.e., option 2), and the other type is to indicate which frequencies are associated with each TN coverage area (i.e., option 1+3). Compared with the latter, indicating the TN coverage area of each frequency will cost more signaling overhead. Take Figure 1 as an example, if the former way is adopted, at least five TN coverage areas should be provided, but only two TN coverage areas need to be provided if the latter way is adopted. So indicating frequencies per TN coverage area is preferred considering the signaling overhead.

Figure 1: Example of NTN cell which covers TN neighbor cells
Then how option 1+3 works should be clarified. From our perspective, there are two understandings of option 1+3, which are listed as follows.
· Understanding 1: A choice structure is used, the network can choose option 1 or option 3 for signaling the frequency information for TN coverage area based on implementation. An example of ASN.1 signaling of understanding 1 is as follows.
SIBX ::=                SEQUENCE {
tn-coverage             TN-coverage 
}

TN-coverage ::=          CHOICE {
    coverageAndfreq          CoverageAndfreq,
coverageAndbitmap        CoverageAndbitmap
}

CoverageAndfreq::=       SEQUENCE (SIZE(1..maxNumofTNarea)) OF TN-areaAndfreq

CoverageAndbitmap::=     SEQUENCE (SIZE(1..maxNumofTNarea)) OF TN-areaAndbitmap
}

TN-areaAndFreq::=         SEQUENCE {
referenceLocation-r17       ReferenceLocation-r17                          
    distanceThresh-r17          INTEGER(0..65525)                               
tn-frequency-list           SEQUENCE (SIZE(1..maxNumofTNFreq))  OF TN-frequency
}

TN-areaAndbitmap::=        SEQUENCE {
referenceLocation-r17        ReferenceLocation-r17                          
    distanceThresh-r17           INTEGER(0..65525)                               
freqBitmapforSIB4            BIT STRING (SIZE (8))
freqBitmapforSIB5            BIT STRING (SIZE (8))
}

TN-frequency::=             CHOICE {
carrierFreqNR                ARFCN-ValueNR 
carrierFreqEUTRAN            ARFCN-ValueEUTRA
}
· Understanding 2: A frequency list is included in the new SIB which contains TN coverage information, frequency index bitmap is indicated under each TN coverage area, where each bit in the bitmap corresponds to each frequency in the frequency list in order. An example of ASN.1 signaling of understanding 2 is as follows.
SIBX ::=              SEQUENCE {
tn-area-list          SEQUENCE (SIZE(1..maxTNCoverage))  OF TN-area               
tn-frequency-list     SEQUENCE (SIZE(1..maxNumofTNFreq)) OF TN-frequency
}

TN-area ::=              SEQUENCE {
referenceLocation-r17           ReferenceLocation-r17                          
    distanceThresh-r17              INTEGER(0..65525)                               
freqBitmap                      BIT STRING (SIZE (16))    
}

TN-frequency::=           CHOICE {
carrierFreqNR               ARFCN-ValueNR 
carrierFreqEUTRAN           ARFCN-ValueEUTRA
}
For understanding 1, if the network chooses option 3 for signaling frequency information for TN coverage area, the following problem may occur. The modification of the new SIB which contains TN coverage information and SIB4/SIB5 may be in an unsynchronized way, during the period between receiving the updated SIB4 and waiting to receive the new SIB which contains TN coverage information, the relationship between TN coverage area and frequency understood by UE is wrong. In order to avoid such a problem, it is necessary to restrict the transmission period of new SIB and SIB4 to be the same and the network needs to update these two SIBs at the same time if the network wants to update one of them.
compared to option 1, the way of understanding 2 for signaling frequency information for TN coverage area is more beneficial to save signaling overhead, since all the frequency information appears only once while the frequency information may appear more than once if option 1 is used.
Proposal 2: RAN2 adopts the signaling structure of frequency information for TN coverage area as below:
· A frequency list is included in the new SIB which contains TN coverage information, frequency index bitmap is indicated under each TN coverage area, where each bit in the bitmap corresponds to each frequency in the frequency list in order.
Conclusions
[bookmark: _Toc502437832]Based on the analyses given above, we have the following proposals:
Proposal 1: A new SIB is introduced to include TN coverage area information.
Proposal 2: RAN adopts the signaling structure of frequency information for TN coverage area as below:
· A frequency list is included in the new SIB which contains TN coverage information, frequency index bitmap is indicated under each TN coverage area, where each bit in the bitmap corresponds to each frequency in the frequency list in order.
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