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1	Introduction
RAN#80 plenary approved a Work Item (WI) titled “NR mobility enhancements” to enhance the basic mobility functions available in NR Release 15[1]. The following agreements were made during RAN2 #106 meeting:
	· As a baseline CHO can be triggered based on a condition consisting of a single event, single RS type, single quantity.
· The single trigger quantity can be configured to be RSRP, RSRQ or RS-SINR
· The single RS type can be configured to be SSB or CSI-RS
· FFS Whether multiple triggering conditions are required.



In this paper, we take an objective look into the need for multiple triggering conditions that decide the initiation of conditional handover execution.
2	Discussion
Due to lack of time in Release 15 time frame, only basic handover is introduced in NR as part of Release 15 specification.  The basic handover is mainly based on LTE handover mechanism in which network controls UE mobility based on UE measurement reporting. In the basic handover, source gNB triggers handover by sending HO request to target gNB and after receiving ACK from the target gNB, the source gNB initiates handover by sending HO command (reconfigurationWithSync) with target cell configuration. The UE sends PRACH to the target cell after RRC reconfiguration is applied with target cell configuration. However, instances where the signal degrades quickly due to which the UE fails to receive the HO command from the network are also not uncommon. NR also allows operation at FR2 or high frequencies where the signal quality change and degradation are more adverse than that of FR1 or lower frequency ranges. When the UE moves or rotates, the UE can experience very fast signal degradation. A UE in NR FR2 also experiences a very different channel condition between LoS and non LoS in NR and the path-loss/ signal strength can be largely different in beams or between LOS and non-LOS. It may result in higher handover failure and large ping-pong rate. Sighting these challenges in handover, a conditional handover mechanism is agreed to be introduced as part of release 16 mobility enhancements. In Conditional handover, the CHO candidate cell configuration is received first, along with condition based on which CHO execution to the candidate cell can be performed. It has also been agreed that the triggering condition is based on existing A3 or A5 like measurements. 
In existing handover mechanisms, the handover decisions are controlled by the serving node. In order to provision a reliable handover to neighbour cell, the source gNB should be aware that a neighbour cell can provide better service to the UE than the current serving cell. Events A3 and A5 provide both the serving cell and neighbour cell signal conditions to the network. Therefore, the source gNB is in a position to understand if the neighbour cell can provide better service. However, in some cases, more than one events are needed for triggering handover reliably. In practical deployments, the network configures several measurement events to the UE. It is not necessary that the network prepares a target cell based on each relevant measurement report from the UE. The network may take decision of providing handover command to the UE based on multiple measurement report or a sequence of measurement report from the UE. It is also possible for the source node to be aware of the load condition of the neighbour/ target node. Target cell may be prepared for handover only if load conditions are within acceptable levels even if measurement results indicate that the neighbour cell is under better signal conditions. As a consequence, sometimes handover is not provided to the best cell reported to the network in measurement report.
Observation 1: In existing handover mechanism, the handover decision is not made solely based on a single measurement report received from UE. 
In conditional handover, the condition for executing CHO to a candidate cell is configured to the UE and the UE executes handover based on this condition. Therefore, there is no intelligence at the UE, like that of network in traditional handover, in deciding handover of the UE to a neighbour target cell. In traditional handover, the serving cell provides handover command to the UE if the neighbour signal conditions are good, and the load of the neighbour cell is acceptable to serve an additional UE. However, in conditional handover, the condition to trigger CHO execution is provided much earlier in time. For instance, it is possible that during this time, the target cell load was low enough to allow for more UEs to access the cell. However, the actual CHO execution happens at a later time and by then the load on the target cell may have changed. However, the UE still executes handover to the target cell but the service provided on that target cell may be weaker than that on the source cell. 
To overcome this, it is necessary to instil the UE with some intelligence in decision making towards CHO execution. This can be done by introducing the requirement for satisfying multiple reporting configurations by the UE. For example, A UE may be configured with event A3 with trigger quantity set to RSRP. When A3 is successfully satisfied by the UE, it is aware that the signal strength of the neighbour cell is better than the serving cell and is suitable to serve the UE after handover. However, it is not aware of the load and quality of the neighbour cell. To make the UE capable of making an intelligent and reliable evaluation of the target cell, the network can configure event A4 with trigger quantity set to RSRQ. RSRQ measurement provides an indication of the load on the target cell. Together, RSRP based A3 indicates that the target cell signal strength is good and RSRQ based A4 indicates the load on the target cell is acceptable. Therefore, the handover is now made more reliable than the case of a CHO execution based on single condition/ trigger. 
Proposal 1: CHO execution can be triggered based on multiple trigger conditions. 
UE reports Event A4 only when a neighbour cell signal condition is above a configured threshold.  Source gNB on receiving Event A4 may reconfigure/ add/ remove other measurement ids, for example source gNB configures Event A3/A5 for the neighbour cell (frequency) reported in A4, to understand the neighbour cell signal conditions in comparison the serving cell signal conditions. Alternatively, the source gNB may provide the UE, handover command to the neighbour cell reported in Event A4. Although the handover to the target cell may be successful due to good signal condition of the target cell, it does not ensure that the target cell is better than the source cell. It is possible that signal condition and QoS provided by the target cell are poor as compared to source cell. Although Event A4 can be used to trigger handover, Event A4 alone cannot be used to perform a reliable handover.
Observation 2: Event A4 like CHO execution condition may be useful to be supported in addition to only A3/A5 like execution conditions. However, only having event A4 like CHO execution condition is not very reliable.
Proposal 2: Event A4 like CHO execution condition can be configured only if multiple trigger conditions are configured.
In basic handover, the source cell has several options to decide on handover (based on different reporting configurations and different trigger quantities), of which some are listed below:
· A UE assisted handover based on A3/A5 where the stronger neighbour is indicated in the MR, or 
· A UE assisted handover based on A4 where neighbour is indicated in MR. However, the source may still be in sustainable signal conditions (or the entry condition of A3/A5 may not be satisfied). 
· Blind HO based on A2 where neighbour is not indicated in the MR. (use cases limited to specific deployments)
· UE assisted handover based on multiple or sequence of measurement reports from UE (for different reporting configurations)
All the intelligence that the network possess cannot be configured at the UE as it comes with a large overhead for the UE, and the concurrent monitoring all of these may lead to increased complexity. As a result, it is necessary to limit the number if trigger conditions that are configured to a UE for evaluating a CHO candidate cell. The intention is to provide the UE with limited added intelligence to evaluate if the CHO candidate to which CHO execution is planned, is suitable in order to improve the reliability of CHO. Having a maximum of two CHO execution triggering conditions provide the UE with an additional degree of correctness and confidence while evaluating the candidate cell for handover. Therefore, we propose to limit the number of maximum triggering conditions per CHO candidate to two. 
Proposal 3: A maximum of two triggering conditions can be configured per CHO candidate cell. 
Configuring a UE with multiple measurement quantities on the same RS-type does not impose any additional requirements at the UE. All the measurement quantities – RSRP, RSRQ and SINR – are all calculated based on the reference signal that the UE detects and measures i.e. a UE can calculate all these quantities by measuring a single reference symbol. However, if the UE were to measure 2 different RS-types, this imposes an additional requirement at the UE. Again, the intention of having multiple trigger conditions is to provide some additional reliability in performing CHO and to limit any increased complexity. Therefore, to ensure UE is not having additional requirements and to limit the UE complexity, only a single RS-Type can be configured for a CHO candidate cell. 
Proposal 4: The multiple trigger conditions shall not add increased requirements at the UE. 
Proposal 5: Single RS-Type has to be configured for the multiple triggering conditions associated to a CHO candidate.  
3	Conclusion
The contribution discussed the the use for multiple triggering conditions for evaluating a CHO candidate for CHO execution. The following observations and proposal are made.
Observation 1: In existing handover mechanism, the handover decision is not made solely based on a single measurement report received from UE. 
Observation 2: Event A4 like CHO execution condition may be useful to be supported in addition to only A3/A5 like execution conditions. However, only having event A4 like CHO execution condition is not very reliable.
Proposal 1: CHO execution can be triggered based on multiple trigger conditions. 
Proposal 2: Event A4 like CHO execution condition can be configured only if multiple trigger conditions are configured.
Proposal 3: A maximum of two triggering conditions can be configured per CHO candidate cell. 
Proposal 4: The multiple trigger conditions shall not add increased requirements at the UE. 
Proposal 5: Single RS-Type has to be configured for the multiple triggering conditions associated to a CHO candidate.  
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