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Introduction
In this paper we discuss remaining open issues on NTN RACH-less HO and satellite switch with unchanged PCI. 
[bookmark: _Hlk143643250]Discussion
NTN RACH-less HO
RAN1 has answered the following questions in the LS reply R1-2308568. Q3 is more relevant to RAN1. 
	2. To monitor target cell PDCCH for dynamic grant for initial UL transmission, whether beam selection is needed (e.g., performed by NW with selected beam(s) indicated, or performed by UE)?


RAN1 response: To monitor target cell PDCCH for dynamic grant for initial UL transmission, RAN1 thinks that there is no case where multiple beams are indicated for RACH-less handover. In this case, UE doesn’t expect that multiple beams are indicated from NW. 

	3. Regarding the power control for initial UL transmission, whether it follows the rules specified for PUSCH scheduled by Random Access grant or by configured grant or others?


RAN1 response:  For the initial UL transmission scheduled by dynamic grant in RACH-less handover, RAN1 thinks that it follows the principle for power control for Msg3 (or MsgA) PUSCH as described in clause 7.1.1 in TS 38.213 except for pathloss determination. For pathloss determination, the UE uses a RS resource from an SS/PBCH block with same SS/PBCH block index as the one the UE uses to monitor PDCCH scheduling dynamic UL grant for initial transmission. RAN1 may continue further discussion on question 3. 

For Q2, RAN1 has confirmed no multiple beam indication is needed to monitor PDCCH for DG. Thus, only single beam indication will be given in the HO command, as agreed in the last meeting. The open issue is how to indicate the single beam. In our view, either an SSB index or a TCI state can work. 
Proposal 1: Either an SSB index or a TCI state is indicated in RACH-less HO command for PDCCH monitoring.   
For UL synchronization, when to start TAT has been discussed in the last meeting. As shown below, in the agreed procedure of RACH-less HO, UE performs DL synchronization, starts T430, and then applies the configuration in reconfiguration with sync (including N_TA). This aligns with the legacy procedure of reconfiguration with sync.
1.	receive a RACH-less HO command which can include pre-allocated grant optionally. FFS N_TA is optional. (RRC)
2.	start timer T304 for the target cell (RRC)
3.	perform DL and UL synchronization, and start timer T430. FFS how to perform RACH-less UL synchronization to NTN target cell. (RRC, MAC)
4.	start time alignment timer (MAC)
5.	monitor target cell PDCCH for dynamic grant if pre-allocated grant is not configured in RACH-less HO command (MAC, PHY)
6.	send initial UL transmission including RRCReconfigurationComplete message using the available UL grant (RRC, MAC, PHY)
7.	consider RACH-less HO is completed upon receiving NW confirmation. FFS how to confirm RACH-less HO is successfully completed. (RRC, MAC)
8.	stop timer T304 for the target cell. (RRC)

[bookmark: _Toc139045007]5.3.5.5.2	Reconfiguration with sync
The UE shall perform the following actions to execute a reconfiguration with sync.
1>	if the AS security is not activated, perform the actions upon going to RRC_IDLE as specified in 5.3.11 with the release cause 'other' upon which the procedure ends;
1>	stop timer T430 if running;
1>	if no DAPS bearer is configured:
2>	stop timer T310 for the corresponding SpCell, if running;
1>	if this procedure is executed for the MCG:
2>	if timer T316 is running;
3>	stop timer T316;
3>	clear the information included in VarRLF-Report, if any;
2>	resume MCG transmission, if suspended.
1>	stop timer T312 for the corresponding SpCell, if running;
1>	if sl-PathSwitchConfig is included:
2>	consider the target L2 U2N Relay UE to be the one indicated by the targetRelayUE-Identity in the sl-PathSwitchConfig;
2>	start timer T420 for the corresponding target L2 U2N Relay UE with the timer value set to T420, as included in the sl-PathSwitchConfig;
2>	apply the value of the newUE-Identity as the C-RNTI;
2>	indicate to upper layer (to trigger the PC5 unicast link establishment) with the target L2 U2N Relay UE indicated by the targetRelayUE-Identity;
2>	apply the default configuration of SL-RLC1 as defined in 9.2.4 for SRB1;
1>	else (sl-PathSwitchConfig is not included):
2>	if this procedure is executed for the MCG or if this procedure is executed for an SCG not indicated as deactivated in the E-UTRA or NR RRC message in which the RRCReconfiguration message is embedded:
3>	start timer T304 for the corresponding SpCell with the timer value set to t304, as included in the reconfigurationWithSync;
2>	if the frequencyInfoDL is included:
3>	consider the target SpCell to be one on the SSB frequency indicated by the frequencyInfoDL with a physical cell identity indicated by the physCellId;
2>	else:
3>	consider the target SpCell to be one on the SSB frequency of the source SpCell with a physical cell identity indicated by the physCellId;
2>	start synchronising to the DL of the target SpCell;
2>	apply the specified BCCH configuration defined in 9.1.1.1 for the target SpCell;
2>	acquire the MIB of the target SpCell, which is scheduled as specified in TS 38.213 [13];
2>	if NTN-Config is configured for the target cell:
3>	start timer T430 with the timer value set to ntn-UlSyncValidityDuration from the subframe indicated by epochTime, according to the target cell NTN-Config;
NOTE 1:	The UE should perform the reconfiguration with sync as soon as possible following the reception of the RRC message triggering the reconfiguration with sync, which could be before confirming successful reception (HARQ and ARQ) of this message.
NOTE 2:	The UE may omit reading the MIB if the UE already has the required timing information, or the timing information is not needed for random access.
NOTE 2a:	A UE with DAPS bearer does not monitor for system information updates in the source PCell.
2>	If any DAPS bearer is configured:
(…omitted…)
2>	else:
3>	reset the MAC entity of this cell group;
3>	consider the SCell(s) of this cell group, if configured, that are not included in the SCellToAddModList in the RRCReconfiguration message, to be in deactivated state;
3>	apply the value of the newUE-Identity as the C-RNTI for this cell group;
3>	configure lower layers in accordance with the received spCellConfigCommon;
3>	configure lower layers in accordance with any additional fields, not covered in the previous, if included in the received reconfigurationWithSync.
2>	if the UE is acting as L2 U2N Remote UE at the source side:
3>	indicate upper layer to trigger PC5 unicast link release.
Upon L2 U2N Relay UE receiving reconfigurationWithSync, it either indicates to upper layers (to trigger PC5 unicast link release) or sends Notification message to the connected L2 U2N Remote UE(s) in accordance with 5.8.9.10.
------------------------------------------------------------------------------------------------------------------------------------------------

For UL synchronization, the MAC entity applies the N_TA included in the HO command and starts TAT for TA maintenance, which is same as LTE RACH-less HO specified in TS36.321 clause 5.2.
[image: ]
Based on the above analysis, there is no ambiguity on the start of TAT. The procedure in LTE RACH-less HO can be followed. 
Proposal 2: If RACH-less HO is configured, apply N_TA for the PTAG and start the TAT for this TAG.
In LTE RACH-less HO, the terminology pre-allocated grant is used. However, in NR, we have agreed the pre-allocated grant is configured as type-1 CG, with SSB associated. Thus, it’s more appropriate to use “CG” instead of “pre-allocated grant” to simply the specification.  
Proposal 3: For RACH-less HO, use terminology “CG” instead of “pre-allocated grant” in the specification.
Another open issue is whether the CG associated with SSBs can be configured without RSRP threshold. SSB selection with RSRP threshold is to ensure a reliable initial UL transmission, and the RSRP threshold informs the baseline for such a transmission. To ensure the reliability without the RSRP threshold, the network should be able to ensure a good beam so that it can directly indicate the beam for PDCCH scheduling DG. Therefore, the CG associated to SSBs should be configured with RSRP threshold for SSB selection.
Proposal 4: The CG associated to SSBs is always configured with RSRP threshold for SSB selection. 
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. 
Proposal 5: UE uses the earliest available CG occasion associated to the selected SSB for the initial UL transmission.
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 6: Confirm SUL is not applied in NTN.
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.
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. 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 8: Support autonomous retransmission with CG-retransmission timer for the initial UL transmission.  
PCI unchanged switch
In RAN1 LS reply R1-2308566, it is concluded that soft satellite switching without PCI change is feasible under the following conditions. 
· UE is not required to connect to two satellites simultaneously during soft satellite switching. 
· Interference avoidance/mitigation between two satellites may potentially be done by gNB implementation at least to ensure non-colliding SSB with same PCI at UE side. 
· UE is provided with the information on new common TA, K_mac, ephemeris and cell-specific K-offset are applied during resynchronization to new satellite.
· UE may be provided with the information if needed to detect the SSB of the new satellite for soft satellite switching.
· The same UE behavior may be applied for soft satellite switching and hard satellite switching.
This implies that both soft and hard satellite switch can be supported by the same UE behavior. 
Proposal 9: Support both soft and hard satellite switch without PCI change, with no difference in UE behavior.
For hard switch, as agreed in the last meeting, the scenario of zero or negligible coverage gap is considered, thus, t-Service can indicate both the end time of the leaving satellite and the start time of the incoming satellite. While for soft switch, a coverage overlap between the leaving and incoming satellite is available, which allows UE to start synchronization with the incoming satellite as early as it starts serving the same cell to avoid potential interruption. 
To have a unified UE behavior for both cases, an explicit indication of the start time of the incoming satellite should be provided by the network. This also align with the agreement made in the last meeting that an explicit indication will be introduced to enable the unchanged PCI switch. Based on the start time, UE can start synchronization with the incoming satellite by RACH or RACH-less procedure
Proposal 10: Introduce an explicit indication of the start time of the incoming satellite. 
Proposal 11: UE starts synchronization with the incoming satellite based on the start time.
Based on the RAN1 reply, to avoid interference between two satellites in the soft switch, the network should ensure no SSB colliding at the UE side. Thus, SSBs from the leaving and incoming satellites should be different, and UE has to know the SSB indexes of the incoming satellite to perform the switch. Currently, SSB indexes are informed in SIB1. UE can acquire SIB1 when performing switch. However, due to the periodicity of SIB1, delay is expected. To avoid delay, the SSB indexes of the incoming satellite can be provided in advance to UE. 
Proposal 12: SSB indexes of the incoming satellite are indicated for soft switch.
Apart from the SSB information, the information in ntn-Config for the incoming satellite is also necessary for SSB searching and synchronization. However, it’s highly possible that a neighbor satellite serves as an incoming satellite. UE could already have the ephemeris and common TA information of the incoming satellite. In this case, to reduce overhead the PCI of a neighbor cell in the NTN-NeighCellConfigList can be directly indicated for UE to use the ephemeris and common TA information of the corresponding satellite.
Proposal 13: The PCI of a neighbor cell in the NTN-NeighCellConfigList is indicated to apply the corresponding the ephemeris and common TA information.
RACH-less switch has been agreed to be supported. For UE to perform RACH-less switch, N_TA has to be informed. The value of N_TA can be either 0 or same as source (i.e., current N_TA). If N_TA is not configured, UE performs RACH; else, UE performs RACH-less switch. 
Proposal 14: UE performs RACH-less switch if N_TA (either 0 or same as source) is configured; otherwise, UE performs RACH. 
Given the ephemeris and common TA information of the incoming satellite, UE should start T430 when applying the information for UL synchronization.
Proposal 15: UE starts T430 of the incoming satellite when applying the ephemeris and common TA for UL synchronization. 

Conclusion
Based on the discussion, we have the following proposals.
For RACH-less HO:
[bookmark: _GoBack]Proposal 1: Either an SSB index or a TCI state is indicated in RACH-less HO command for PDCCH monitoring.   
Proposal 2: If RACH-less HO is configured, apply N_TA for the PTAG and start the TAT for this TAG.
Proposal 3: For RACH-less HO, use terminology “CG” instead of “pre-allocated grant” in the specification.
Proposal 4: The CG associated to SSBs is always configured with RSRP threshold for SSB selection. 
Proposal 5: UE uses the earliest available CG occasion associated to the selected SSB for the initial UL transmission.
Proposal 6: Confirm SUL is not applied in NTN.
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: Support autonomous retransmission with CG- retransmission timer for the initial UL transmission.  

For PCI unchanged switch:
Proposal 9: Support both soft and hard satellite switch without PCI change, with no difference in UE behavior.
Proposal 10: Introduce an explicit indication of the start time of the incoming satellite. 
Proposal 11: UE starts synchronization with the incoming satellite based on the start time.
Proposal 12: SSB indexes of the incoming satellite are indicated for soft switch.
Proposal 13: The PCI of a neighbor cell in the NTN-NeighCellConfigList is indicated to apply the corresponding the ephemeris and common TA information.
Proposal 14: UE performs RACH-less switch if N_TA (either 0 or same as source) is configured; otherwise, UE performs RACH. 
Proposal 15: UE starts T430 of the incoming satellite when applying the ephemeris and common TA for UL synchronization. 
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- when the MAC entity is configured with F@eh=SKip or rach-SkipSCG:
- apply timing advance value indicated by targetTA in rach-Skip or rach-SkipSCG for the pTAG;

- start the timeAlignmentTimer associated with this TAG.




