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1. Introduction
The following agreements have been made for CHO triggering event configuration in NTN:
· Time or timer based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario. FFS on how to configure the time or timer based CHO triggering event. Also FFS how to consider the feeder/service link switch timing. (Agreement at RAN2#112e [1])
· Location based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario. FFS on how to configure the location based CHO triggering event. FFS if location based CHO triggering event only (not in combination with other events) can also be considered. (Agreement at RAN2#112e)
· Support A4 event for NTN CHO. FFS whether other triggers need to be combined with this. (Agreement at RAN2#113e [2]).
In this paper, we share some further consideration on CHO in NTN, including the configuration of time(r) and location based execution conditions, the relationship of multiple execution conditions and signaling optimization for the case when conventional HO command overrides a CHO command.
2. [bookmark: _Toc12718547]Discussion
2.1. Understanding on the CHO configuration in NR


Figure 1. The structure of the CHO configuration in NR
In NR Rel-16, as shown in figure 1, at most 8 conditional candidate SpCells can be configured via RRCReconfiguration -> conditionalReconfiguration-r16 and a condReconfigId is used to idenfity each candidate SpCell. Every time a a condReconfigId is added, a conExecutionCond along with a conRRCReconfig is provided. The conExecutionCond contains one or two measurement identities while for each measurement identity, a measurement object and a report configuration is provided. When configuring 2 triggering events (MeasId’s) for a candidate cell, network ensures that both refer to the same measObject. The CHO triggering config will be configured to UE as part of the report config [3]:
CondTriggerConfig-r16 ::=        SEQUENCE {
    condEventId                      CHOICE {
        condEventA3                      SEQUENCE {
            a3-Offset                        MeasTriggerQuantityOffset,
            hysteresis                       Hysteresis,
            timeToTrigger                    TimeToTrigger
        },
        condEventA5                      SEQUENCE {
            a5-Threshold1                    MeasTriggerQuantity,
            a5-Threshold2                    MeasTriggerQuantity,
            hysteresis                       Hysteresis,
            timeToTrigger                    TimeToTrigger
        },
        ...
    },
    rsType-r16                       NR-RS-Type,
    ...
}
Thus, for each candidate SpCell, the following execution conditions may be configured:
	Possible execution conditions for a candidate SpCell in CHO in NR-R16

	A3
	A5
	A3+A3
	A3+A5
	A5+A5



2.2. Configuration of the time(r) based CHO triggering event
At RAN2#112e, there has been discussion on how to configure the time(r) based CHO triggering event without reaching consensus. Companies would like to configure it either as a timer or a time range.
There has been proposal at RAN2#112e to configure a timer and CHO will be executed by UE when the timer expires. As agreed at RAN2#112e that the time(r) based CHO triggering event shall be configured in combination with the existing CHO triggering events, our understanding of the UE behavior upon reception of a timer together with the existing CHO triggering events is shared below. 
For example, a timer TcondExecution and a measurement id with condEventA3 is configured for a candidate SpCell and UE will start TcondExecution upon reception. As shown in the figure below, the timer based CHO will be executed in case 2.



Figure 2. Timer based CHO
Another option is to configure a time range, which refers to valid time range of the candidate SpCell. It can be configured as two thresholds of the time to indicate the start and end time e.g. configured as a UTC time, or a start time with a duration. The UE behavior upon reception of a time range together with the existing CHO triggering events is shared below with a similar example and time range based CHO will be executed in case 2 and case 3.


Figure 3. Time range based CHO
In our understanding, a relative time is configured via a timer and the transmission delay between UE and the network should be taken into consideration. In addition, one timer can only represent the time when the candidate cell starts to be available for UE and it will not be available forever after that considering the satellite movement. Another Timer is needed if network would like to provide the expire time of the candidate cell. Thus, option 2 is preferred from our perspective by configuring an absolute time range with the UTC time as reference, in which the start time and expire time of the candidate cell would both be aware to UE.
Proposal 1a: The time based CHO triggering event should be configured as an absolute time range, during which the candidate cell is available. 
Proposal 1b: Down select from the following solutions to configure the time range as the CHO triggering event:
· Solution 1: Two thresholds of the time to indicate the start and expire time of the candidate cell.
· Solution 2: A start time with a duration to indicate the valid time range of the candidate cell.
The granularity of the time based CHO triggering event should also be considered, e.g. it is configured per measurement id or per candidate cell. In our understanding, the time range refers to the valid time range of the candidate SpCell thus can be configured per candidate cell with the following structure:


Figure 4. Configuring time based CHO triggering event per candidate cell
Proposal 1c: The time based CHO triggering event should be configured per candidate cell.
2.3. Configuration of the location based CHO triggering event
At RAN2#112e, it has been agreed that the location based CHO triggering event shall be configured in combination with the existing CHO triggering events. Regarding the configuration of a location based CHO triggering event, the following approaches have been considered from our perspective:
· Approach 1: Introduce a new measurement trigger quantity referring to the distance between UE and the serving satellite of a cell.
The location based CHO triggering event can be configured in a similar way as condEventA3 and condEventA5 when the RSRP/RSRQ/SINR is used as the measurement trigger quantity. 
For example, an offset can be configured and entry condition is that the distance between UE and the serving satellite of the cells configured as measurement object is offset shorter than the distance between UE and serving satellite of PCell/PSCell. 
Another example is to configure two thresholds, and the entry condition is that the distance between UE and the serving satellite of PCell/PSCell becomes longer than absolute threshold1 AND the distance between UE and the serving satellites of the cells configured as measurement object becomes shorter than another absolute threshold2.
· Approach 2: Introduce a new measurement trigger quantity referring to the distance between UE and the cell center of a cell.
The location based CHO triggering event can be configured in a similar way as condEventA3 and condEventA5 when the RSRP/RSRQ/SINR is used as the measurement trigger quantity. 
For example, an offset can be configured and entry condition is that the distance between UE and the cell center of the cells configured as measurement object is offset shorter than the distance between serving UE and cell center of PCell/PSCell. 
Another example is to configure two thresholds, and the entry condition is that the distance between UE and the cell center of PCell/PSCell becomes longer than absolute threshold1 AND the distance between UE and the cell center of the cells configured as measurement object becomes shorter than another absolute threshold2.
· Approach 3: Configure a geographical area scope referring to the coverage of the candidate target cell.
Similar to the configuration of time range based CHO triggering event, the geographical area scope referring to the coverage of a candidate target cell can be configured while the entry condition would be UE moves into this area.
The geographical area of the candidate target cell can be configured in various ways, e.g. by configuring a list of coordinates, a list of TAs when the TA is fixed on earth, a reference location as the center of a ellipse along with the radius.
For approach 1, UE would be able to derive the location of a satellite based on the ephemeris but the association between satellite and cells should also be provided to UE since the CHO evaluation and execution is performed per cell level. For approach 2, the location of the cell center can either be provided to UE directly or derived by UE based on the ephemeris together with the cell deployment information. For approach 3, since UE is assumed with GNSS capabilities, it seems that no additional information is needed.
In our understanding, all the above approaches can help UE decide whether to execute CHO with its location taken into consideration and can all be considered as candidate solutions for location based CHO triggering event configuration. Down selection from these approaches should also be considered in RAN2 to narrow down the scope of the discussion.
Proposal 2: Down select from the following approaches in location based CHO triggering event configuration:
· Approach 1: Introduce a new measurement trigger quantity referring to the distance between UE and the serving satellite of a candidate cell.
· Approach 2: Introduce a new measurement trigger quantity referring to the distance between UE and the cell center of a candidate cell.
· Approach 3: Configure a geographical area scope referring to the coverage of the candidate cell.
2.4. The relationship of multiple execution conditions
With the progress we made so far for NTN, we will have the following execution conditions:
· The existing R16 CHO execution condition (A3/A5/A3+A5/A5+A5/A3+A3)
· The A4 in NTN
· The location based CHO triggering event
· The time(r) based CHO triggering event
Per our understanding, it is possible to configure one or more of these execution conditions for a single candidate cell and the relationship between these execution conditions can either be “and” or “or”. For example, A4 and location based CHO triggering event can be configured for the same candidate cell and the CHO will be triggered when both of the conditions are fulfilled (i.e. “and” between A4 and location based CHO event). For the same candidate cell, a A3 like CHO execution condition can also be configured and the CHO will be triggered when either the A3 like condition or the A4+location like condition is fulfilled (i.e. “or” between A3 like execution condition and A4+location like execution condition).
To allow sufficient flexibility in NW configuration and also for UE to understand the relationship of the execution conditions, the relationship among different CHO execution conditions (i.e. “and” or “or”) should also be provided.
Proposal 3: The relationship (i.e. “and” or “or” ) among different CHO execution conditions, i.e. the R16 execution condition A3/A5, the newly introduced A4, location based condition, and time(r) based condition in NTN, should be configurable by the network and should be indicated to UE in CHO configuration. 
2.5. Conventional HO command overrides a CHO command
Time(r) based CHO has been acknowledged by a lot of companies to be an efficient solution for mobility handling when feeder link switch happens, which we also agree. However, we understand there might be some cases that the feeder link happens earlier than predicted and NW sends HO command even though UE has already been provided with the CHO command but has not performed CHO yet.
In this case, the network can simply include the information identifying the CHO candidate cell (e.g. PCI or candidate cell index) in the handover command since the UE has stored the candidate cell configuration. In other words, the other configuration, including e.g. the cell specific parameters and the UE specific parameters can be omitted thus the signaling overhead can be reduced significantly. With the reduction of the payload size, the reception failure of the handover command can be reduced, which would in return reduce the RLF rate and handover failure rate. 
Thus, we understand if the network wants to trigger a conventional handover to one of the configured CHO candidate cells, one target cell indication (e.g. candidate cell identity or index) can be included in the conventional HO command and UE should apply the corresponding condRRCReconfig.
Proposal 4: If the network wants to trigger a conventional handover to one of the configured CHO candidate cells, one target cell indication (e.g. the candidate cell identity or index) can be included in the conventional HO command and UE should apply the corresponding condRRCReconfig.
3. Conclusion and proposals
With the above analysis, we have the following conclusions and proposals:
Configuration of the time(r) based CHO triggering event
Proposal 1a: The time based CHO triggering event should be configured as an absolute time range, during which the candidate cell is available. 
Proposal 1b: Down select from the following solutions to configure the time range as the CHO triggering event:
· Solution 1: Two thresholds of the time to indicate the start and expire time of the candidate cell.
· Solution 2: A start time with a duration to indicate the valid time range of the candidate cell.
Proposal 1c: The time based CHO triggering event should be configured per candidate cell.
Configuration of the location based CHO triggering event
Proposal 2: Down select from the following approaches in location based CHO triggering event configuration:
· Approach 1: Introduce a new measurement trigger quantity referring to the distance between UE and the serving satellite of a candidate cell.
· Approach 2: Introduce a new measurement trigger quantity referring to the distance between UE and the cell center of a candidate cell.
· Approach 3: Configure a geographical area scope referring to the coverage of the candidate cell.
The relationship of multiple execution conditions
[bookmark: _GoBack]Proposal 3: The relationship (i.e. “and” or “or” ) among different CHO execution conditions, i.e. the R16 execution condition A3/A5, the newly introduced A4, location based condition, and time(r) based condition in NTN, should be configurable by the network and should be indicated to UE in CHO configuration. 
Conventional HO command overrides a CHO command
Proposal 4: If the network wants to trigger a conventional handover to one of the configured CHO candidate cells, one target cell indication (e.g. the candidate cell identity or index) can be included in the conventional HO command and UE should apply the corresponding condRRCReconfig.
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