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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this paper, we discuss the remaining issues on unchanged PCI (that are not covered in the email discussion), RACH-less, and the location-based CHO, including:
1) Unchanged PCI
· When will the UE switch to target satellite in soft switch
· UE auto SMTC adjustment
· TAT handling
2) RACH-less
· SSB threshold for DG
· Beam format for DG
3) Location-based CHO
· Epoch time for reference location

2. Discussion
2.1 [bookmark: _Ref131674149]Unchanged PCI
When will the UE switch to target satellite in soft switch
In the previous meeting, the following agreements on soft satellite switching were achieved:
Agreements:
1. In soft satellite switching, UE can start synchronizing with target satellite before T-service of source satellite.
2. We introduce a T-start which indicates the earliest occasion when the UE can start synchronizing with target satellite (actual signalling is FFS). In soft switch scenario, T-start of target satellite is earlier than T-service of source satellite (FFS if T-start is also used for hard satellite switch)
3. For soft satellite switching, the exact time when the UE starts synchronizing with target satellite (between T-start and T-service) is up to UE implementation
4. UE is not required to connect to source satellite when the UE switches to target satellite.
Apart from the time point for starting synchronization, another discussion point is when the UE will actually switch to the target satellite. From our perspective, the UE should switch to target satellite when t-Service expires. According to RAN1 progress, interference mitigation between two satellites may potentially be done by gNB implementation at least to ensure non-colliding SSB with same PCI at UE side, which may guarantee there is no DL interference. However, for UL, how to avoid interference is still unclear. Also, it would increase complexity at the gNB side if some UEs switch before t-Service and some UEs switch after t-Service.
Proposal 1: In soft satellite switch, UE switch to the target satellite when T-service expires.
UE auto SMTC adjustment 
When UE switches to a new satellite, the propagation delay between UE and satellite (also gNB) will change. The SMTC should be adjusted to guarantee the SSB broadcasted by new satellite can be received by UE. Since UE knows the information of new satellite, the UE can adjust SMTC by itself.
In R17, a UE capability parallelMeasurementWithoutRestriction-r17 was introduced on whether interruption will be caused to the serving cell when the UE measures neighbour cells belonging to a different satellite. At least for the UE not supporting the following capability, when starting synchronizing with the target satellite, interruption to source satellite will be caused as the UE needs to detect and measure the SSB from the target satellite. Therefore, the gNB should avoid scheduling the UE when UE measures target satellite, under the condition that gNB and UE have the same understanding of the adjusted SMTC.
	parallelMeasurementWithoutRestriction-r17
Indicates whether the UE supports measurements on cells belonging to different satellites as the serving cell in parallel with normal operation (i.e. data/control transmission and/or reception, and L1 measurements) of serving cell without scheduling restrictions. The feature is applicable only when the serving satellite is NGSO. If the serving cell belongs to GSO satellite, the scheduling restriction is not applied on the premise that a mixed type of satellites on the same frequency layer is not supported in this release. If not reported, for measurements in parallel with normal operation of serving cell scheduling restrictions shall apply.
	Band
	No
	FDD only
	FR1 only


To make sure gNB and UE have the same understanding of the adjusted SMTC, one possible way is that gNB configures UE to report the PDD corresponding to the target satellite. Once gNB is aware of the PDD change, gNB knows UE has updated its SMTC and can further figure out the updated SMTC.
Legacy procedure can be used to attain this goal. For example, gNB configures UE to report PDD with the parameter ephemerisInfo to be the ephemeris information of the target satellite. 
PropDelayDiffReportConfig-r17 ::= SEQUENCE {
    threshPropDelayDiff-r17           ENUMERATED {ms0dot5, ms1, ms2, ms3, ms4, ms5, ms6 ,ms7, ms8, ms9, ms10, spare5,
                                                          spare4, spare3, spare2, spare1}                OPTIONAL,   -- Need M
    neighCellInfoList-r17             SEQUENCE (SIZE (1..maxCellNTN-r17)) OF NeighbourCellInfo-r17         OPTIONAL    -- Need M
}

NeighbourCellInfo-r17  ::= SEQUENCE {
epochTime-r17                  EpochTime-r17,
ephemerisInfo-r17              EphemerisInfo-r17
}

Once configured, UE will report the PDD information in UEAssistanceInformation message. 
Proposal 2: UE can adjust SMTC autonomously, and gNB can be informed of the SMTC adjustment based on the legacy PDD reporting.
Handling of validity timer and TAT
In RAN2 #123 meeting, we discussed the handling of UL synchronization timer (validity timer) T430 and agreed that T430 expires at t-Service, and FFS on the handling of TAT.
Agreements:
1. In the unchanged PCI case, the UE considers UL synchronization timer expired at t-Service (current cell stop time) to stop any UL operation. FFS on timeAlignmentTimer handling.
If the gap is assumed to be zero or negligible (as agreed in RAN2 #123), the T430 should be restarted at t-Service, as UE can already obtain the satellite assistance information of the target cell before t-Service, and this information only comes into use since t-Service. In the legacy (R17 NR NTN) HO cases, upon receiving HO command, UE stops source cell T430 and starts target cell T430; in unchanged PCI, HO command is saved, and t-Service serves as a good reference time for such behaviour.
As for the handling of TAT, this timer (per TAG) controls how long the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink time aligned, which generally starts when UE receive TA value from NW. 
In unchanged PCI scenario assuming no coverage gap, the handling of TAT should consider two cases:
1) Unchanged PCI with RACH:
In this case, the TAT should be stopped at t-Service, and then started when receiving the TA command in RAR during RACH procedure, as in legacy.
2) Unchanged PCI without performing RACH
In this case, the TAT can be restarted at t-Service.
In both scenarios (with or without RACH), the value of TAT inherits the configuration from source cell (like other configuration)
Proposal 3: The validity timer is restarted at t-Service.
The timeAlignmentTimer is stopped at t-Service, and then started upon receiving the TA command in RAR if random access is performed; the timeAlignmentTimer is restarted at t-Service if random access is not performed.
Scenario where two satellites have different coverage
Since R17, the discussion on quasi-earth fixed cell is based on the assumption that the previous and incoming satellites provide the same coverage area. However, in real deployment, it is likely that the coverage area provide by the two satellites are different, and consequently the suitable beams are different. This applies to all quasi-earth fixed enhancements, e.g. unchanged PCI, or RACH-less in quasi-earth fixed, or the combination of unchanged PCI and RACH-less.
RAN2 can further consider whether any issue may exist in this scenario.
[image: ]
Figure 1: The target satellite cannot completely cover the coverage area of the source satellite.
Proposal 4: RAN2 can consider the scenarios where the coverage of the source and target satellites are different.
2.2 RACH-less
SSB threshold for DG
The current status of beam selection in NTN/LTM RACH-less is summarized as follows:
	
	CG
	DG

	NTN
	CG is provided with association to SSB;
UE selects an SSB above threshold, and uses the corresponding CG occasion
	Single beam indicated in HO command

	LTM
	Beam selection by source cell (based on L1 measurements on target cell);
Source cell indicates selected beam to UE via LTM Cell Switch Command MAC CE;
UE uses a CG occasion associated with the indicated beam
	Beam selection by source cell (based on L1 measurements on target cell);
Source cell indicates selected beam to UE via LTM Cell Switch Command MAC CE; 
Source DU indicates the selected beam to target DU



We noticed that unlike LTM (in which beam is selected by source cell regardless of CG or DC cases), NTN has arrived at different solutions for CG and DG: for CG, beam is selected by UE, while for DG the beam is selected by the target cell. This discrepancy is due to the fact that NTN did not introduce a MAC CE which can indicate the selected beam to UE. Another difference is that, for CG, we introduced an SSB threshold for beam selection in CG and allowed the UE to fall back to RACH-based HO if no beam above the threshold is found, while this mechanism was not introduced for DG:
Agreements:
1. UE selects an SSB associated to the pre-allocated grant with RSRP above a configured threshold, use the selected SSB and the corresponding UL grant occasions for the initial UL transmission
1. If no SSB mapping to pre-allocated grant has RSRP above the threshold, fallback to RACH HO (with new SSB selection), while T304 is running
Allowing the UE to fall back to RACH has the following advantages: 1) UE can perform power ramping during random access procedure; 2) according to the RRC running CR, only a subset of SSBs are configured with association to CG PUSCH, while in RACH-based procedure all SSBs can be considered. In this sense, providing the SSB threshold and allow the fallback mechanism can guarantee reliable transmission. Even the beam is indicated in DG scenario, considering the large RTT in NTN and the possible UE movement, it is likely that the beam quality may change during the RACH-less procedure, and providing the SSB threshold for DG is also beneficial.
Proposal 5: To monitor target cell PDCCH for dynamic grant for initial UL transmission, SSB threshold is provided, UE uses the beam indicated in the HO command if its quality is above the SSB threshold, otherwise fall back to RACH-based HO (as in CG).
Beam format for DG
In the current RRC running CR, tci-StateID is used to indicate the beam that the UE should use in the target cell to monitor PDCCH for initial uplink transmission. The beam selection is performed by the target cell, based on the L3 measurement results (including cell-level result and beam-level result) forwarded by the source cell, in which the beam-level can be expressed by SSB-Index or CSI-RS-Index. In the context of RACH-less, so far only SSB is discussed (e.g. the association between CG and SSB), and we think it’s reasonable that DG also uses SSB index for indicating the selected beam.

RACH-LessHO-r18 ::=             SEQUENCE {
    targetNTA-r18                      ENUMERATED {zero, source}                OPTIONAL,   -- Need R
    tci-StateID-r18                    TCI-StateId                              OPTIONAL,   -- Need R
}
Proposal 6: SSB index is used to indicate the beam that the UE should use in the target cell to monitor PDCCH for initial uplink transmission.
2.3 Location-based CHO
For earth-moving cell reselection, the UE can derive the trajectory of reference location based on ephemeris and epoch time. RAN2 agreed in RAN2 #121 that the same method can adopted for location-based CHO for earth-moving cells.
Agreements:
2. For location-based CHO for earth-moving cells we follow the solution being investigated for cell reselection to allow the UE to derive the serving cell’s reference locations as the cells move. FFS whether the same mechanism can also be used for the candidate cell’s reference location
In RAN2 #123bis, this issue was re-discussed, and it is unclear how the needed parameters are provided to the UE:
Agreements:
1. For location-based CHO for earth-moving cells, re-use the procedure from cell reselection as baseline to derive the candidate cell’s reference location as the cell moves (FFS on how to signal the needed parameters, e.g. ephemeris and Epoch time)
Concerning reference location prediction, the following information should be known by the UE:
1) Epoch time of reference location: one option is to reuse the epoch time in SIB19, but this may cause mismatch between the UE and the NW, because when configuring the CHO to the UE, the source cell has no idea which epoch time is maintained at the UE side (from implementation point of view, the ephemeris information and corresponding epoch time broadcast in SIB19 may change constantly, and it is up to UE to reacquire SIB19 when validity duration expires, and the NW has no idea when is the last time the UE updated SIB19).
2) Ephemeris (and corresponding epoch time) of the candidate target cell: ephemeris information and epoch time are already provided in NTN-Config in the servingCellConfigCommon, which will be included in the CHO configuration, but they are based on target cell timing and UE is unaware of target cell timing before synchronizing with target cell. Therefore, we think UE should refer to the satellite assistance information in the SIB19, this is not restricted to CHO execution, even for the RRM measurements the UE also need to refer to the satellite assistance information in SIB19.
Based on the above, we think a new epoch time corresponding to the reference locations (including referenceLocaiton1 and referenceLocaiton2) to the event D1 configuration.
Proposal 7: A new epoch time corresponding to the reference locations to the event D1 configuration for location-based CHO.
3. [bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]Conclusion
[bookmark: _Toc423020280]In this paper, we discuss remaining issues on HO enhancements, and provide the following proposals:
Unchanged PCI
Proposal 1: In soft satellite switch, UE switch to the target satellite when T-service expires.
Proposal 2: UE can adjust SMTC autonomously, and gNB can be informed of the SMTC adjustment based on the legacy PDD reporting.
Proposal 3: The validity timer is restarted at t-Service.
The timeAlignmentTimer is stopped at t-Service, and then started upon receiving the TA command in RAR if random access is performed; the timeAlignmentTimer is restarted at t-Service if random access is not performed.
Proposal 4: RAN2 can consider the scenarios where the coverage of the source and target satellites are different.
RACH-less
Proposal 5: To monitor target cell PDCCH for dynamic grant for initial UL transmission, SSB threshold is provided, UE uses the beam indicated in the HO command if its quality is above the SSB threshold, otherwise fall back to RACH-based HO (as in CG).
Proposal 6: SSB index is used to indicate the beam that the UE should use in the target cell to monitor PDCCH for initial uplink transmission.
Location-based CHO
[bookmark: _GoBack]Proposal 7: A new epoch time corresponding to the reference locations to the event D1 configuration for location-based CHO.
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