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Introduction
One of the offshoots of RAN2-lead objectives in the NTN WID [1], [2] for NTN architectures is the use of earth fixed and earth mobile cells/beams being discussed in [3]. The following agreements were made as part of the RAN2 meetings.

In RAN2#114-e [5], the following agreements were made 
· Support CHO location trigger as the distance between UE and a reference location which may be configured as the serving cell reference location or the candidate target cell reference location. FFS if combination can be allowed. 
· The reference location for the event description is defined as cell center. 
· For CHO, joint configuration of location and RSRP as well as time and RSRP triggers are supported.
· CHO time trigger event is defined as time duration [t1, t2] associated for each CHO candidate cell. The UE shall execute CHO to that candidate cell during the time duration, if all other configured CHO execution conditions will apply and there is only one triggered candidate cell.
· Same CHO trigger conditions and RRM events can be used within NTN and NTN-TN mobility provided these are supported by the UE. NTN-TN means both “from NTN to TN (hand-in)” and “from NTN to TN (hand-in) and from TN to NTN (hand-out)". FFS for enhancements.

Additionally, the following was agreed regarding RAN2 constructed new CGI with fixed geographical area comparable to TN cells for NTN.
RAN2#114-e: 
1. RAN2 will work on a solution to ensure that the CGI constructed by NG-RAN can correspond to a fixed geographical area comparable with a TN cell with a radius of ~2km or more. 
2. Send an LS to RAN3, SA2, SA3 and SA3-LI to inform them of RAN2 decision and check whether it's consistent with their requirements


 In this contribution, we provide our views on the continuing design on conditional handovers with emphasis on how area management (as described in R2-2107284 []).  
Discussion
Joint CHO Configurations
Area management using fixed geographical areas has been agreed in RAN2#114-e. This allows for numerous benefits in terms of both Idle mode and connected mode procedures and ensures that additional information exchange between UE and gNB that is either privacy sensitive or leads to UE power drain can be avoided. With earth fixed geographical locations, the gNB can now indicate the neighboring cells using procedures like those in TN. This would ensure that RSRP as a criterion can continue to still be the primary thus ensuring that the existing Rel-16 procedures are baseline.

Observation 1: Existing conditional handover enhancements using measurements are baseline for NR NTN when using fixed geographical locations. 

However, one main parameter that impact NTN handovers unlike traditional TN scenarios is the mobility of the satellite itself. In Terrestrial Handovers, the UE is the only mobile unit. Therefore, RAN2 has been considering exchanging additional information to make UE behaviors more deterministic and has agreed to adding in two additional parameters – location and timers for conditional handovers. Note that the additional information makes the existing procedures more robust due to satellite mobility. Independent usage of these additional parameters would not only lead to additional gains over the measurement-based approaches esp. in LEO, MEO and HAPS scenarios. With earth fixed geographical areas, the location itself then becomes unnecessary as a logical/virtual/earth-fixed/static cell ID of UE coverage can always be used as location. We, therefore, have the following proposals. 

 Proposal 1: RAN2 to consider additional location and timer parameters only in combination with existing measurement criteria. Independent new triggers without existing measurement triggers would lead to complicated CHO implementations that would need major specification overhauls.   

Location Triggers 
There are multiple ways to achieve the combined location (with measurement) triggering in NR NTN. We list a few potential options below.

Option 1:  Using UE reported location, the network can provide CHO configurations with measurement criteria for a specific satellite configuration 
Option 2:	Using UE reported virtual/logical/earth-fixed/static cell IDs, the network can provide CHO configurations with measurement criteria suitable for the satellite configuration
Option 3:	Using Network provided location polygons (like those used in ETWS/CMAS through SIB8 via the warningAreaCoordinatesSegment parameter or a similar procedure) through location broadcast mechanisms
Option 4: Using Network provided location in terms of potential virtual/logical/earth-fixed/static Cell IDs 

 Each of the above procedures has its own advantages and disadvantages ranging between UE privacy concerns and power drains to network management of handover load. The least impact on UE power is seen with Options 2 and 4. The network load can however be controlled by configuration with Option 1 providing the least impact but with a huge privacy tag which can be mitigated using Option 2, 3 or 4.   

Proposal 2: RAN2 to consider the following options for location reporting for evaluation of joint location and measurement CHO triggers.   
Option 1:  Using UE reported location, the network can provide CHO configurations with measurement criteria for a specific satellite configuration 
Option 2:	Using UE reported virtual/logical/earth-fixed/static cell IDs, the network can provide CHO configurations with measurement criteria suitable for the satellite configuration
Option 3:	Using Network provided location polygons (like those used in ETWS/CMAS through SIB8 via the warningAreaCoordinatesSegment parameter or a similar procedure) through location broadcast mechanisms
Option 4: Using Network provided location in terms of potential virtual/logical/earth-fixed/static Cell IDs 
What is additionally needed in cases of raw lat/long reports from UE or network of location is a precision field to be indicated to the UE by the network for location measurements. This ensures that the UEs do not trigger the location-based CHO neither too early nor too late. The precision parameter is based on the satellite configuration – its location relative to the UE, number of beams, altitude and speed relative to the earth. Given lack of full ephemeris at the UE, the network can only provide this information. 

Proposal 3: The network additionally needs to provide precision information on location measurements to ensure that UEs do not execute CHO criteria either too early or too late.

Timer based triggers
Like location-based triggers, several options for timer-based triggers exist. These are particularly from the load management perspective. As RAN2 has already agreed to use a range-based timer, the main issue that will be faced is with respect to how UEs will utilize the timer and can potentially create the load on the network. In conjunction with radio measurements, unless unless a very narrow timer range is provided, most UEs will only be dependent on the radio measurements-based execution. A larger range implies that more UEs will satisfy the CHO criteria leading to a handover storm at the gNB. In this regard, the network can randomize the CHO execution on the UE by providing additional parameters such that the number of simultaneous UEs that can match the CHO execution criteria can be balanced. 

Proposal 4: In conjunction with the range-based timer CHO criteria, for network load management, a randomization parameter within the timer is provided to the UE. 
Conclusion
In this contribution, we provided our views on cell selection and reselection enhancements for NTN. Our observations and proposals are as follows: 

Observation 1: Existing conditional handover enhancements using measurements are baseline for NR NTN when using fixed geographical locations. 

Proposal 1: RAN2 to consider additional location and timer parameters only in combination with existing measurement criteria. Independent new triggers without existing measurement triggers would lead to complicated CHO implementations that would need major specification overhauls.   

Proposal 2: RAN2 to consider the following options for location reporting for evaluation of joint location and measurement CHO triggers.   
Option 1:  Using UE reported location, the network can provide CHO configurations with measurement criteria for a specific satellite configuration 
Option 2:	Using UE reported virtual/logical/earth-fixed/static cell IDs, the network can provide CHO configurations with measurement criteria suitable for the satellite configuration
Option 3:	Using Network provided location polygons (like those used in ETWS/CMAS through SIB8 via the warningAreaCoordinatesSegment parameter or a similar procedure) through location broadcast mechanisms
Option 4: Using Network provided location in terms of potential virtual/logical/earth-fixed/static Cell IDs 

Proposal 3: The network additionally needs to provide precision information on location measurements to ensure that UEs do not execute CHO criteria either too early or too late.

Proposal 4: In conjunction with the range-based timer CHO criteria, for network load management, a randomization parameter within the timer is provided to the UE. 
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