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Introduction 
In RAN#94e, NR NTN Rel-18 WID [1] was approved, with the major objectives as below:
· Coverage enhancement
· NR-NTN deployment in above 10 GHz bands
· Network verified UE location
· NTN-TN and NTN-NTN mobility and service continuity enhancements
In this contribution, we would further clarify the objectives on above 10GHz bands and mobility enhancement aspects, and provide corresponding observations and proposals accordingly.
Discussion 
[bookmark: _Toc493127338]On mobility enhancements
1. Support of Feeder link switch
For Feeder link switch, RAN3 discussed how to support feeder link switch and had the following agreements in Rel-17:
NTN encompasses NTN-GW(s) deployed on ground, NTN payload on board space/airborne vehicle(s) and functions to control the vehicles as well as the radio resources of the NTN payload(s) are out of 3GPP scope.
The feeder link switch-over is controlled by NTN control functions which are out of 3GPP scope.
It is assumed that the gNB can be informed about the scheduling of switch over events and usable radio resources and possibly the update of neighbouring gNBs 
The execution of feeder link switch over may involve procedures over Xn and/or NG interfaces
Existing per-UE Xn and NG Handover functions are used to support the switch over (feeder link and satellite/HAPS); It is assumed that the information exchanged in existing Handover procedures can be used for NTN purposes. Discussions on addition to the existing handover functions will be triggered from decisions made outside RAN3
3GPP supports NTN with central coordination of switch overs. In case of centrally coordinated switch over, no signaling is needed on Xn/NG, to coordinate the actual switch-over (feeder link and satellite/HAPS). 
The NTN related parameters provided by O&M to the gNB may depend on the type of service links supported (Earth fixed beams, quasi Earth fixed beams, Earth moving beams)
The de-centralized coordination of switch-over should be taken as low priority in Rel-17.
Enhancement of Xn to support feeder link switch-over is not needed in Rel-17.
New procedure of Xn for feeder link switch-over is not needed in Rel-17.
Enhancement of NG to support feeder link switch-over is not needed in Rel-17.

As highlighted above, RAN3 discussed how to exchange necessary info (e.g. served cell info) between the NTN gNBs to support feeder link switch-over in Rel-17. Signaling based solution and OAM based solution were discussed, and agreed only to adopt OAM based solution for centralized coordination of switch-over in Rel-17. 
Observation 1: In Rel-17, only the centralized feeder link switch is supported, which means all necessary information needed for the feeder link switch is configured by NTN control function (OAM), no signalling enhancement to exchange necessary info between the gNBs.
But for de-centralized coordination switch-over case, the OAM based solution requires extra work of OAM to make the consistent configuration to the gNBs, this brings extra complexity to OAM. To avoid over-dependence to OAM, signalling based solution should be worked out to support feeder link switch. Thus, we propose to further work on signalling based solution in Xn/NG, e.g. to exchange necessary information between gNBs in Rel-18.
Proposal 1: In in Rel-18, signalling based solution should be considered for (de-centralized) feeder link switch-over, e.g. to exchange necessary info over Xn/NG.

2. Support of CHO
In Rel-17, RAN2 discussed and agreed the timer based CHO and location based CHO for NR NTN. In case of handover between the gNBs, e.g. inter satellite inter NTN GW handover, coordination between the gNBs may be needed. Just like the feeder link switch, legacy Handover procedure is reused without any enhancement. We could assume all necessary info needed for the CHO is configured by OAM, no signalling enhancement over Xn and NG in Rel-17.
Observation 2: In Rel-17, legacy handover procedures over Xn/NG are reused for CHO, no enhancement is specified. 
To reduce the complexity of the OAM configuration, it’s beneficial to further investigate whether and how to exchange the essential information between the gNBs, e.g. the start time, stop time of the cells. 
Proposal 2: In Rel-18, Xn/NG enhancements should be considered to support the CHO mechanisms as specified in Rel-17.

3. Support of TN-NTN mobility
TN-NTN mobility is low prioritized in both RAN2 and RAN3 in Rel-17. The relevant RAN3 agreements are listed below: 
[bookmark: OLE_LINK18]Xn mobility between NTN gNBs and terrestrial gNBs is treated with low priority in Rel-17
TN-NTN mobility depends on RAN2 progress. The interface management over Xn should not be precluded.
Xn between a HAPS and local terrestrial neighbors is not precluded.
No consensus on whether the NTN type of serving cells and neighbor cells should be exchanged when NTN gNB involves handover procedure. Suggest to further discuss the scenarios.

Solutions for both idle and connected mobility between TN and NTN should be worked out in Rel-18. To make NTN gNB and TN gNB make proper inter-RAT neighbor cell configuration, and make UE aware of the RAT type of the neighbor cells, RAN2 and RAN3 discussed whether and how to indicate the RAT type of the serving cell. There’s no consensus in Rel-17, this could be further discussed and decided in Rel-18.
Xn/NG should be involved to exchange necessary information between gNBs to support TN-NTN mobility in Rel-18.
Proposal 3: In Rel-18, Xn/NG enhancements should be considered to exchange necessary information between gNBs for TN-NTN co-ordination.

Base on the discussion above, the objective could be revised as below:

4.1.4	NTN-TN and NTN-NTN mobility and service continuity enhancements

This work considers existing methods from NR TN as well as outcome of Rel-17 NR NTN WI outcome as baseline for NTN-TN mobility.

· Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]
· Enhancement to Xn/NG signallings to support feeder link switch-over, CHO, TN-NTN coordination, e.g. exchange of necessary information between gNBs. [RAN3] 

Proposal 4: Support necessary enhancements to Xn/NG for feeder link switch-over, CHO and TN-NTN coordination in Rel-18, and update the WID accordingly. 

Support of long CP in FR2
Regarding the NR-NTN deployment in above 10 GHz bands, currently there is one bullet to define the possible work scope in RP-213690 as follows:
· Identify values for physical layer parameters chosen from the existing FR1 and FR2 sets. The following set of parameters to specify, but not necessarily limited to, are listed.as follows [RAN4]:
· time relationship related enhancement (e.g. K_offset)
· subcarrier spacing for different UL/DL signals/channels
· PRACH configuration index for FDD above 10 GHz.

Per the NR specification, when FR2 is applied, the subcarrier spacing will be enlargerd automatically.  However, for NTN scenario, using larger subcarrier spacing doesn’t mean the cell coverger is shrinked. Instead, NTN cell size is still very large, which makes UL synchronzation more difficult due to short CP. For 120kHz case, the short CP is only equal to 0.59us. Based on the discussion in Rel-17, the time synchronization performance is quite challenaging both in FR1 and FR2. In view of unavoidable synchronization error, including GNSS error, ephermeris error or UE implementation error,  extended CP is very necessary to guarantee the performance of UL synchronization. Hence, it is important to complete the specification of extended CP in RAN1 for higher subcarrier spacing. Currently RAN1 only specifies the extended CP in 60kHz subcarrier, while for 120kHz it is not defined. If no normal work to revise the extended CP in RAN1 specification, in essence, the NTN is not well workable in FR2.  
[bookmark: _GoBack]Therefore, we propose to consider this working activity in Rel-18 NTN and suggest to add one additional bullet into the WID. The suggested changes could be found below :
4.1.2	NR-NTN deployment in above 10 GHz bands

Base on the discussion above, the objective could be revised as below:

· Identify values for physical layer parameters chosen from the existing FR1 and FR2 sets. The following set of parameters to specify, but not necessarily limited to, are listed.as follows [RAN4]:
· time relationship related enhancement (e.g. K_offset)
· subcarrier spacing for different UL/DL signals/channels
· PRACH configuration index for FDD above 10 GHz.
· Extended CP in more than 60 kHz subcarrier spacing

Proposal 5: Support extended CP in more than 60 kHz subcarrier spacing in Rel-18, and update the WID accordingly. 

Conclusion
In this contribution, we further clarified some of the objectives for Rel-18 NR NTN. Based on the discussion, we provide the following observations and proposals:
Observation 1: In Rel-17, only the centralized feeder link switch is supported, which means all necessary information needed for the feeder link switch is configured by NTN control function (OAM), no signalling enhancement to exchange necessary info between the gNBs.
Proposal 1: In in Rel-18, signalling based solution should be considered for (de-centralized) feeder link switch-over, e.g. to exchange necessary info over Xn/NG.
Observation 2: In Rel-17, legacy handover procedures over Xn/NG are reused for CHO, no enhancement is specified. 
Proposal 2: In Rel-18, Xn/NG enhancements should be considered to support the CHO mechanisms as specified in Rel-17.
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]Proposal 3: In Rel-18, Xn/NG enhancements should be considered to exchange necessary information between gNBs for TN-NTN co-ordination.
Proposal 4: Support necessary enhancements to Xn/NG for feeder link switch-over, CHO and TN-NTN coordination in Rel-18, and update the WID accordingly. 
4.1.4	NTN-TN and NTN-NTN mobility and service continuity enhancements

This work considers existing methods from NR TN as well as outcome of Rel-17 NR NTN WI outcome as baseline for NTN-TN mobility.

· Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]
· Enhancement to Xn/NG signallings to support feeder link switch-over, CHO, TN-NTN coordination, e.g. exchange of necessary information between gNBs. [RAN3]

Proposal 5: Support extended CP in more than 60 kHz subcarrier spacing in Rel-18, and update the WID accordingly. 
4.1.2	NR-NTN deployment in above 10 GHz bands

Base on the discussion above, the objective could be revised as below:

· Identify values for physical layer parameters chosen from the existing FR1 and FR2 sets. The following set of parameters to specify, but not necessarily limited to, are listed.as follows [RAN4]:
· time relationship related enhancement (e.g. K_offset)
· subcarrier spacing for different UL/DL signals/channels
· PRACH configuration index for FDD above 10 GHz.
· Extended CP in more than 60 kHz subcarrier spacing
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