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Introduction
In this paper we discuss remaining open issues on NTN handover enhancements, including RACH-less HO and enhancements on CHO. 
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NTN RACH-less HO
One open issue is how to indicate the single beam. In our view, either an SSB index or a TCI state can work. However, an indication of SSB index should be easier. 
The TCI state indication can involve more issues. The list of TCI states is configured per BWP. For PDCCH monitoring, if more than one TCI state is configured for a coreset, MAC CE is used to indicate/activate TCI state(s) as the current operation. This does not work for UE that needs to start monitoring PDCCH immediately when switching to the target cell by RACH-less HO. One more issue is which TCI state framework should be applied, Rel-15 TCI state framework or Rel-17 unified TCI state framework. Considering these issues on TCI state indication, SSB index is preferred.
Proposal 1: An SSB index is indicated in RACH-less HO command for PDCCH monitoring for DG if CG for initial UL transmission is not configured.   
For the initial UL transmission, CG with SSB association is configured. One issue is whether mapping to SSB is mandatorily configured. If CG occasion to SSB mapping is not configured, NW has to monitor all PUSCH occasions on all SSBs to receive from a specific UE, and UE may consider all SSBs are mapped to each PUSCH occasion and has to filter RSRP value for all SSBs for each PUSCH occasion, which is very inefficient for both NW and UE. Therefore, it is preferred to configure the association mandatorily.
Proposal 2: If CG for initial UL transmission is configured, CG occasions mapping to SSB is configured mandatorily.
In RACH-based HO, when switching to the target cell, UE starts to monitor PDCCH on the selected BWP using a beam quasi-colocated with the SSB selected for Msg1/MsgA transmission. For RACH-less HO, since there is no Preamble transmission, an SSB index for PDCCH monitoring for DG is directly indicated by the NW in the RACH-less HO command. However, if CG is provided, how does UE monitor PDCCH to confirm RACH-less HO success is not clear. As UE performs SSB selection for initial UL transmission using CG, which is similar to SSB selection for Msg1/MsA transmission, UE can start to monitor PDCCH on the selected SSB after initial UL transmission. 
Proposal 3: If CG for initial UL transmission is configured, UE starts to monitor PDCCH on the selected SSB after initial UL transmission.
In LTE RACH-less, the first available PUSCH occasion is used for UL transmission if pre-allocated grant is configured, as specified in TS 36.331. 
[image: ]
For type-1 CG, the UL grant occasions sequentially occur according to the time domain parameters, as specified in TS 38.321 section 5.8.2. 
	After an uplink grant is configured for a configured grant Type 1, the MAC entity shall consider sequentially that the Nth (N >= 0) uplink grant occurs in the symbol for which:
	[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
	+ (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
	(timeReferenceSFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot
	+ timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity)
	modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)


To reduce delay in sending the initial UL transmission, UE should use the earliest available CG occasion associated to the selected SSB, similar as LTE.
Proposal 4: If CG is configured in RACH-less HO, UE uses the earliest available CG occasion associated to the selected SSB for the initial UL transmission.
As we have agreed in RAN2#122 that “Release pre-allocated UL grant after RACH-less HO completion”, another discussed issue is how to release the CG if configured. Two options are considered. 
Option 1. Release the configuration explicitly in RRC. Similar approach to LTE.
Option 2: Release in MAC, i.e., the configured grant is no longer valid after HO completion. Similar approach to LTM.
Option 2 is supported in LTM since subsequent cell switch is supported in LTM. That means UE does not release LTM configuration in RRC between cell switches unless configured to release and the CG can be used again for RACH-less LTM if UE switches back to the same cell. However, this is not suitable for NTN RACH-less HO as there is no subsequent HO in L3 mobility. Therefore, for NTN the CG can be simply released by RRC after RACH-less HO completion as in LTE.
Proposal 5: If CG is configured in RACH-less HO, RRC releases the CG with SSB association after RACH-less HO completion.
We have also discussed whether to support autonomous retransmission using CG for the initial UL transmission. The motivation is to save overhead and reduce delay in waiting for PDCCH schedule retransmission, which is more helpful for NTN due to long round trip delay. It should be at least up to UE implementation to retransmit in subsequent UL grant occasions. Note for RACH-less LTM, CG-based autonomous retransmission with CG-retx timer is supported. There is no burden to support it for NTN as well. 
Proposal 6: Support autonomous retransmission with a CG-retransmission timer for the initial UL transmission using CG.  
Regarding the UL HARQ mode	, in the last meeting we have agreed it’s up to NW implementation whether to configure HARQ mode A or B for the HARQ process of the initial UL transmission using DG. The same principle can be applied to the case of CG. 
Proposal 7: Both HARQ mode A and B can be configured for the HARQ process of the initial UL transmission using CG, which is up to NW implementation.
Regarding UL carrier selection for the initial UL transmission, whether SUL is applied in NTN was discussed in the last meeting. As specified in TS 38.101-5, operating bands for NTN satellite is n255, n256.
Table 5.2.2-1: NTN satellite bands in FR1
	NTN satellite operating band
	Uplink (UL) operating band
Satellite Access Node receive / UE transmit
FUL,low   –  FUL,high
	Downlink (DL) operating band
Satellite Access Node transmit / UE receive
FDL,low   –  FDL,high 
	Duplex mode

	n256
	1980MHz – 2010 MHz
	2170 MHz – 2200 MHz
	FDD

	n255
	1626.5 MHz – 1660.5 MHz
	1525 MHz – 1559 MHz
	FDD

	NOTE: 	NTN satellite bands are numbered in descending order from n256.


In TS38.101-1, SUL operating bands are n80-n84, n86, n89, n95, n97-n99, and NTN bands are not defined in operating band combination with SUL 
Proposal 8: Confirm SUL is not applied in NTN.
CHO with earth moving cells
In RAN2#123bis, regarding distance-based CHO with earth moving cells, the following agreement is reached. 
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)
Currently, the distance event is configured as follows, where all parameters are mandatory present.
        condEventD1-r17                  SEQUENCE {
            distanceThreshFromReference1-r17 INTEGER(0.. 65525),
            distanceThreshFromReference2-r17 INTEGER(0.. 65525),
            referenceLocation1-r17           ReferenceLocation-r17,
            referenceLocation2-r17           ReferenceLocation-r17,
            hysteresisLocation-r17           HysteresisLocation-r17,
            timeToTrigger-r17                TimeToTrigger
        },

	distanceThreshFromReference1, distanceThreshFromReference2
Distance from a reference location configured with referenceLocation1 or referenceLocation2. Each step represents 50m.

	referenceLocation1, referenceLocation2
Reference locations used for condEventD1. The referenceLocation1 is associated to serving cell and referenceLocation2 is associated to candidate target cell.


For the serving cell, the ephemeris is given in SIB19 and there is no need to duplicate. For the candidate cell, the ephemeris can also be included in the neighbor cell list in SIB19. However, if a candidate cell other than the neighbor cells in the list is configured for CHO, the ephemeris of the candidate cell can be signaled in the measurement object configuration.
Proposal 9: Support to signal the ephemeris of CHO candidate cell in the measurement object configuration for distance event evaluation.
For the serving cell, the reference location movingReferenceLocation and the reference time (i.e., epoch time) are signaled in SIB19. As referenceLocation1 for the serving cell in the distance event is mandatory, either referenceLocation1 is configured identically as the movingReferenceLocation and UE applies the epoch time in SIB19, or referenceLocation1 and the associated reference time are independently configured in condEventD1 which can be different from movingReferenceLocation and the epoch time. Since a more accurate estimation of real-time reference location is needed for CHO, dedicated signaling is preferred so that referenceLocation1 and the associated reference time can be updated flexibly. For the same reason, referenceLocation2 and the associated reference time for the candidate cell should be configured in condEventD1.
Proposal 10: The reference location and the associated reference time are signaled in the condEventD1 for the earth-moving serving cell and candidate cell.
The distance event can also be configured as a trigger for measurement report. If the cell to be measured is an earth moving cell, the reference location and the associated reference time should be provided in EventD1. Similarly, UE derives the real-time reference location of the cell based on the reference time and the ephemeris. 
Proposal 11: If the cell to be measured is an earth moving cell, the reference location and the associated reference time are signaled in the EventD1 for UE to derive the real-time reference location.
Conclusion
Based on the discussion, we have the following proposals.
For RACH-less HO:
Proposal 1: An SSB index is indicated in RACH-less HO command for PDCCH monitoring for DG if CG for initial UL transmission is not configured.   
Proposal 2: If CG for initial UL transmission is configured, CG occasions mapping to SSB is configured mandatorily.
Proposal 3: If CG for initial UL transmission is configured, UE starts to monitor PDCCH using the selected SSB after initial UL transmission.
Proposal 4: If CG is configured in RACH-less HO, UE uses the earliest available CG occasion associated to the selected SSB for the initial UL transmission.
[bookmark: _GoBack]Proposal 5: If CG is configured in RACH-less HO, RRC releases the CG with SSB association after RACH-less HO completion.
Proposal 6: Support autonomous retransmission with a CG- retransmission timer for the initial UL transmission.  
Proposal 7: Both HARQ mode A and B can be configured for the HARQ process of the initial UL transmission using CG, which is up to NW implementation.
Proposal 8: Confirm SUL is not applied in NTN.

For CHO with earth moving cell:
Proposal 9: Support to signal the ephemeris of CHO candidate cell in the measurement object configuration for distance event evaluation.
Proposal 10: The reference location and the associated reference time are signaled in the condEventD1 for the earth-moving serving cell and candidate cell.
Proposal 11: If the cell to be measured is an earth moving cell, the reference location and the associated reference time are signaled in the EventD1 for UE to derive the real-time reference location.
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After receiving the handover message, the UE attempts to access the target PCell at the first available RACH occasion
according to Random Access resource selection defined in TS 36.321 [6], i.e. the handover is asynchronous, or at the
first available PUSCH occasion if rach-Skip is configured. Consequently, when allocating a dedicated preamble for the
random access in the target PCell, E-UTRA shall ensure it is available from the first RACH occasion the UE may use.
The first available PUSCH occasion is provided by u/-Configinfo, if configured, otherwise UE shall monitor the
PDCCH of target eNB. Upon successful completion of the handover, the UE sends a message used to confirm the
handover.




