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1 Introduction
In RAN2 #118-e meeting, it was agreed that neighbour cell ephemeris is broadcast:

Agreements:
2. The following IEs/parameters are broadcast per neighbour cell in NTN: 


Ephemeris, 


DL and UL polarization,


Epoch time of assistance information


Validity duration


FFS how to handle the validity timer for neighbour cell. FFS if epoch time can be same or different. FFS about other parameters

According to the current spec [1], the maximum number of NTN neighbour cells for which assistance information is provided (maxCellNTN-r17) is 4. However, there was no specific discussion on this.
NTN-NeighCellConfigList-r17 ::=          SEQUENCE (SIZE(1..maxCellNTN-r17))  OF NTN-NeighCellConfig-r17

NTN-NeighCellConfig-r17 ::=              SEQUENCE {

    ntn-Config-r17                           NTN-Config-r17                                  OPTIONAL,       -- Need R

    carrierFreq-r17                          ARFCN-ValueNR                                   OPTIONAL,       -- Need R

    physCellId-r17                           PhysCellId                                      OPTIONAL        -- Need R

}

In this contribution, we provide our analysis on this matter.
2 Discussion
2.1 Necessity of neighbour cell assistance information for measurement and mobility
RAN2 previously agreed that ephemeris information is needed for measurement purpose regardless of RRC state, and an LS was sent to RAN1 and RAN4 [2]:
	RAN2 answer: For measurement purpose, SMTCs, ephemeris, epoch time and DL polarization information would be relevant regardless of satellite types and RRC state. 

RAN2 has agreed the assumption that feeder link delay is known to and compensated by the network. The network can compensate feeder link delay to configure SMTCs to UEs in the connected mode. In addition, RAN2 has agreed for IDLE mode measurements that UE autonomously adjusts the SMTCs based on location and ephemeris. It is FFS whether network assistance information is provided to UEs. 

RAN2 think feeder link delay (i.e., common TA and K_MAC) of the neighbor cell should also be provided to UE for neighbor cell SMTC adjustment. However, RAN1 feedback is needed to decide whether common TA parameters (TACommon, TACommonDrift, TACommonDriftVariation and [TACommonThirdOrder]) of the neighbor cells need to be provided to the UEs for neighbor cell measurements. 


RAN1 further confirmed that common TA parameters are helpful for measurement and are necessary for mobility purpose [3]:
	RAN1 answer: From RAN1 perspective, if configured on neighbour/target cell, A2/B2 (high-layer common TA parameters: TACommon, TACommonDrift and TACommonDriftVariation) can be helpful for measurement and are necessary for mobility purpose (in case of network assisted cell change/handover).


Based on the RAN2 LS, RAN4 also considers ephemeris information necessary for measurement and mobility, otherwise there will be no requirements [4]:
	Agreement:

· Define “availability of valid target satellite information as side condition” 
· Parameters listed in R2-2201884 are defined as the required target satellite information for measurement and mobility.
· For measurement

· Ephemeris

· Epoch time

· SMTCs

· DL polarization information

· Serving cell stop time and reference location for IDLE mode measurement trigger in NGSO fixed cell, if applicable

· Under RAN1 discussion: 

· Feeder link delay (i.e., common TA and K_MAC) of the neighbor cell should also be provided to UE for neighbor cell SMTC adjustment

· separate validity timers

· For mobility

· Target cell Ephemeris information

· Epoch time of the ephemeris

· Common TA

· Validity timer information for target cell mobility

· DL and UL Polarization information

· K_offset

· Kmac (to determine UE-gNB RTT and perform RACH to target)

· If the side condition is not met,

· Requirements are not applied, i.e. extra delay won’t be explicitly defined

· Note: UE is allowed not to perform RRM measurement [and reporting] if the side condition is not met before acquiring new ephemeris information


Observation 1: Neighbour cell assistance information (e.g., ephemeris, common TA) is considered necessary for measurement and mobility purposes in RAN2, RAN1 and RAN4.
2.2 Number of neighbour cells for which assistance information is provided
In our understanding, there are 6 neighbouring cells of the orbital planes with the same inclination angle at the same altitude. If we consider the neighbour cells with the different inclination angles and the neighbour cells with the different altitudes, there are more neighbour cells to be measured.
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Figure 1 Neighbour cells from satellites of the same inclination angle and same altitude
Observation 2: There are 6 neighbour cells of the orbital plane with the same inclination angle. There are more neighbour cells with different inclination angles and altitudes.
Therefore we think it is necessary to extend the max number of NTN neighbour cells in SIB19.
Proposal 1: Extend the max number of NTN neighbour cells for which assistance information is provided.
According to the IEs design in SIB19, the information of the serving cell takes up about 360 bits and the information of one neighbour cell takes about 290 bits. Since the max SI message size is 2976 bits, if the assistance information of 9 neighbour cells is provided, there is very little space for future extensions. To be future-proof, SIB19 can accommodate at most 8 neighbour cells. 
Observation 3: SIB19 can accommodate at most 8 neighbour cells if each neighbour cell is associated with a specific NTN-Config.
According to the current design of NTN-NeighCellConfig, this field only indicates the assistance information of one cell, which is not efficient from signalling perspective. In our understanding, some neighbour cells may be served by the same satellite and it is better to associate the satellite information to a list of PCIs. To be future-proof, the ASN.1 structure should also consider the case where one satellite serve multiple frequencies.
NTN-NeighCellConfig-r17 ::=              SEQUENCE {

    ntn-Config-r17                           NTN-Config-r17                                  OPTIONAL,       -- Need R

    carrierFreq-r17                          ARFCN-ValueNR                                   OPTIONAL,       -- Need R

    physCellId-r17                           PhysCellId                                      OPTIONAL        -- Need R

}

Proposal 2: The carrier frequency list is included in the NTN-NeighCellConfig and each frequency can have multiple PCIs.
According to the agreement in the previous meetings, the UE needs the assistance information for measurement. In our understanding, this agreement applies for the measurement in both RRC_IDLE/RRC_INACTIVE and RRC_CONNECTED, even though the information is in system information rather than dedicated RRC signalling. After receiving the measurement object from the network, the UEs in RRC_CONNCTED can look up the assistance information of the target frequencies in the SIB19 and the measurement configuration does not need to include the assistance information. 
Proposal 3: Clarify that the UE can use the assistance information of neighbour cells in the SIB19 for measurement and mobility purposes in RRC_CONNECTED.
3 Conclusion

In this contribution, we discussed remaining issues on ephemeris and proposed the following:
Observation 1: Neighbour cell assistance information (e.g., ephemeris, common TA) is considered necessary for measurement and mobility purposes in RAN2, RAN1 and RAN4.
Observation 2: There are 6 neighbour cells of the orbital plane with the same inclination angle. There are more neighbour cells with different inclination angles and altitudes

Proposal 1: Extend the max number of NTN neighbour cells for which assistance information is provided.
Observation 3: SIB19 can accommodate at most 8 neighbour cells if each neighbour cell is associated with a specific NTN-Config.
Proposal 2: The carrier frequency list is included in the NTN-NeighCellConfig and each frequency can have multiple PCIs.
Proposal 3: Clarify that the UE can use the assistance information of neighbour cells in the SIB19 for measurement and mobility purposes in RRC_CONNECTED.
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