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Introduction
[bookmark: _GoBack]In the work item for NR Mobility Enhancements [1], one objective is to improve the robustness at handover. In RAN2#105bis in Xi’an, CHO was agreed to be supported in NR. 
In this contribution we discuss further details regarding the triggering conditions to be monitored for conditional handover.
[bookmark: _Ref178064866]Discussion
Conditional handover aims to address the problem by avoiding the communication with the network when the link may be close to get degraded, as shown in Figure 1. In other words, when the network is more certain that the link is in good conditions the UE receives a conditional handover configuration containing the following:
· A triggering condition configuration;
· An RRCReconfiguration with a reconfigurationWithSync prepared by a neighbour cell that is a target candidate;
[image: ]
Figure 1 Measurement report does not reach the network or HO command does not reach the UE (i.e. UE declares RLF and reestablishment is initiated)
The overall principles of conditional handover are provided in [2]. In this contribution we provide further details on the triggering condition configuration and the UE actions upon reception of a CHO configuration.
Triggering condition for CHO
A3 events are typically used as a mechanism to assist the network with measurements so it can take educated intra-frequency coverage-triggered mobility decisions. If we assume a very simple handover function, upon the reception of a first A3 measurement report for a given trigger quantity selected by the network (e.g. RSRP, RSRQ or SINR) for a given neighbour cell the network may decide to handover the UE to that cell. Hence, since CHO aims to address robustness problems, it makes sense to assume for CHO an A3 like condition where neighbour becomes an offset better than serving as the initial triggering condition. And, if we try to have a similar performance in CHO, it makes sense to consider as initial baseline for the triggering condition for CHO similar triggering conditions for an A3 event (as in reportConfigNR). In NR, that would consist at least of an offset and at least one trigger quantity, a hysteresis and a time to trigger. 
A5 events are typically used to assist the network to take inter-frequency mobility decisions. The event is triggered when two conditions are fulfilled at the same time. The first condition is that the PCell/PSCell becomes worse than absolute threshold1 AND the second condition is that a neighbour/SCell becomes better than another absolute threshold2. The fulfillment of the first condition is an indication that the current PCell/PSCell frequency is not acceptable anymore (especially if the network has also configured an A3 event to find potential neighbour in the same frequency and is not receiving measurements reports with better neighbour cells). If the second condition is fulfilled, that indicates to the network that at the same time there are better cells in another frequency.
In RAN2#105bis meeting, the following has been agreed concerning the configuration of triggering conditions for CHO:
Agreements
. . .
2	Cell level quality is used as baseline for CHO execution condition;
FFS: on whether beam quality is used as input for CHO execution condition.

3	 RS type SSB can be used
FFS: CSI-RS, use of more than one RS type

4	Ax events (entry condition) are used for CHO execution condition and A3/5 as baseline
FFS: on other events

5	Trigger quantity for CHO execution condition(RSRP, RSRQ or RS-SINR) is configured by network. 
FFS: on multiple quantities.
. . .

As shown below, A3/5 events are considered as baseline for CHO configuration, which is an indication that CHO should support both inter-frequency and intra-frequency mobility use cases.
A3/A5 events are used for CHO execution, indicating that both intra-frequency and inter-frequency handovers are targeted. 
Details concerning the events configurations (e.g. which parameters of A3/5 are supported) and the support for other Ax events still needs to be discussed.


Trigger quantity
The reception of a measurement report associated to an A3 event indicates that there is at least one cell whose trigger quantity is an offset better than the SpCell. The network may also configure additional information to be reported which may be used by the network as an input to the handover function. For example, the network may configure the UE to report quantities like RSRQ and SINR (which is a separate parameter in reportConfigNR) even if the trigger quantity is set to be e.g. RSRP. That would allow the network to take a decision not only based on a single trigger quantity.
eventA3                                     SEQUENCE {
            a3-Offset                                   MeasTriggerQuantityOffset,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger
}

MeasTriggerQuantity ::=                     CHOICE {
    rsrp                                        RSRP-Range,
    rsrq                                        RSRQ-Range,
    sinr                                        SINR-Range
}

reportQuantityCell                          MeasReportQuantity,
	
MeasReportQuantity ::=                      SEQUENCE {
    rsrp                                        BOOLEAN,
    rsrq                                        BOOLEAN,
    sinr                                        BOOLEAN
}

A typical measurement configuration is when the network configures two instances of A3 event (or two measId(s) associated to a reportConfig with an A3 event, to be more precise) for the same measObject (i.e. same target frequency) but with different trigger quantities and thresholds e.g. one for RSRP and one for RSRQ. That reflects the wish to only handover to a neighbour cell when not only RSRP, but RSRQ or/and SINR is expected to be better than the PCell. As handover decisions are only made when the both criteria based on both trigger quantities are fulfilled, the network may wait for the reception of both types of measurement reports before it takes a handover decision.
To have similar performance in CHO, we need to support the triggering of CHO when conditions are fulfilled for more than one trigger quantity (e.g. RSRP and RSRQ). Stage-3 details on the CHO configurations are still to be discussed, but there are not 100 ways to do that, so we will likely end up with a configuration where a HO command (i.e. an RRCReconfiguration with a reconfigurationWithSync) is linked to a reportConfig-like configuration of an event A3/5.
Hence, one possible solution is to create new A3/A5 events where each instance may be based on multiple trigger quantities e.g. the a3-Offset field may be defined as a SEQUENCE instead of a CHOICE.
eventA3                                     SEQUENCE {
            a3-Offset                                   MeasTriggerQuantityOffset,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger
}

MeasTriggerQuantity ::=                     SEQUENCE {
    rsrp                                        RSRP-Range,
    rsrq                                        RSRQ-Range,
    sinr                                        SINR-Range
}

A second alternative is to associate the monitoring of two instances with different trigger quantities (e.g. two A3-like events, one with RSRP and the other with RSRQ as trigger quantity) to a single HO command to be executed upon the fulfilment of the condition. Both solutions work and require efforts in terms of UE measurements and evaluations of the conditions, so RAN2 needs to discuss secondary aspects such as which solution is the most future proof, etc.
Discuss how to support triggering of CHO based on multiple trigger quantities:
1. Enhance A3/5 event to be based on multiple trigger quantities;
1. Enable two instances of A3/A5 event (possibly with different quantities) to be linked to the same HO command in CHO configuration.

RS type (SSB, CSI-RS)
In NR, network may configure the UE to perform measurements and monitor measurement events per RS type i.e. either based on SSBs or CSI-RS, configured as part of reportConfigNR. One of the motivations discussed in Rel-15 was the possible transmission of these signals with different beamforming properties (SSBs transmitted in wide beams and CSI-RS transmitted in narrow beams) so that the triggering of events and the reporting based on different RS types would give the network a better view on the wide beam and narrow beam quality comparisons. For example, there could be two triggering cells A and B reported in an A3 event, with somewhat similar cell level RSRP/RSRQ/SINR conditions based on one RS type, but one e.g. cell B with better conditions on narrow beams measured based on CSI-RS, so that a decision to handover to B may improve the quality in the target cell after beam refinement.
To have similar performance in conditional handover, we need to support the triggering of CHO based on one or both RS types i.e. SSB, CSI-RS or both SSB/CSI-RS conditions. As in the case of multiple trigger quantities, there are also two alternatives on how to specify that. 
One possible solution is to enhance the A3/A5 events (i.e. ReportConfigNR) so each instance may be based on multiple RS types e.g. the field rsType of IE NR-RS-Type may configure contain multiple RS types, as shown below.
eventA3                                     SEQUENCE {
            a3-Offset                                   MeasTriggerQuantityOffset,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger
}


    rsType                                      NR-RS-Type,

	NR-RS-Type ::=                              ENUMERATED {ssb, csi-rs, both}

A second alternative is to associate the monitoring of two instances with different RS types (e.g. two A3-like events, one with SSB and the other with CSI-RS as RS type) to a single HO command to be executed upon the fulfilment of the condition. As in the discussion of multiple trigger quantities, both solutions work and require efforts in terms of UE measurements and evaluations of the conditions, so RAN2 needs to discuss secondary aspects such as which solution is the most future proof, etc.
[bookmark: _Hlk7437022]Discuss how to support triggering of CHO based on SSBs and CSI-RS:
1. Enhance A3/5 event to be based on multiple RS types;
1. Enable two instances of A3/A5 event (possibly with different RS types) to be linked to the same HO command in CHO configuration.

Time to trigger
Even though we have agreed to support A3/5 event as the trigger condition for CHO, perhaps not all fields are applicable, especially parameters related to the triggering once measurements are available such as hysteresis, time to trigger, etc. Time to trigger configuration, in the case of measurement reporting triggering, is used to avoid the triggering of a measurement report driven by a spike in radio conditions that are not stable, to avoid unnecessary signaling and only transmit these measurements when they are really stable. In our view that is even more important in CHO, otherwise we would risk triggering too early conditional handovers which could lead to conditional handover to the wrong cell and/or simultaneous handover ping-pongs.
[bookmark: _Hlk7437176]Time to trigger configuration is applicable when configuring A3/5 event as CHO trigger conditions. FFS Whether hysteresis is also applicable. 

Beam information 
In NR, network may configure the UE to include beam measurement information e.g. beam measurements (like RSRP, RSRQ and/or SINR) per triggering and serving cell in measurement reports, like based on A3 event. One typical usage discussed in Rel-15 is when the network wants to consider the number of good beams (e.g. above a threshold) in a cell to decide whether that cell is or not a good target candidate or when network wants to compare the quality of beams from source and target. 
For example, there could be two triggering cells A and B reported in an A3 event, with somewhat similar cell level RSRP/RSRQ/SINR conditions, but one e.g. cell B with many more reported beams than the other, so that a decision to handover to B may reduce the number of handovers to the wrong cell, ping-pongs or even failures after the HO is executed. 
To have similar performance in conditional handover, we need to support the triggering of CHO based on beam-related information. Different alternatives have been discussed during the Rel-15 for reportConfig triggering, such as a comparison between best beam quality of serving and neighbors, number of good beams, etc. 
Triggering condition for CHO may be based on beam measurement information (in addition to cell quality).
The details of which exact beam measurement information is to be supported may be discussed later and some of previous proposals could be revisited. To avoid additional complexity in the UE implementation, we could at least be limited to information derived from existing beam measurements that may be configured in the Rel-15 solution.

Cell and target frequency
In NR, for each measurement to be reported (e.g. for A3 event, proposed as starting baseline for CHO triggering), the UE is configured with a measurement identifier, a report configuration (of type ReportConfigNR) and a measurement object (that indicates the target frequency and the neighbour cell).
For CHO triggering condition configuration, in addition to the previous parameters discussed in proposals P1-P4, the UE also requires information about the neighbour cell to be monitored, such as:
· A neighbour cell identifier to be monitored;
· A neighbour frequency of the cell identifier;
Triggering condition configuration for CHO needs a neighbour cell identifier (e.g. PCI) and a neighbour frequency information (e.g. ARFCN).

Neighbour cell information (cell identity and frequency) can be obtained in different manners in the RRCReconfiguration with reconfigurationWithSync prepared by each target cell (part of ServingCellConfigCommon, which contains PCI and ARFCN, part of the DownlinkConfigCommon). That contains a cell identity and an ARFCN, as shown below:
ServingCellConfigCommon ::=         SEQUENCE {
    physCellId                          PhysCellId                                               OPTIONAL,   -- Cond HOAndServCellAdd,
[bookmark: _Hlk535933447]    downlinkConfigCommon                DownlinkConfigCommon                                        OPTIONAL,   -- Cond HOAndServCellAdd

-- remaining parameters omitted
  
}


One issue with that approach is that in NR, to perform measurements, one needs additional information such as cell quality derivation parameters (e.g. goo beam thresholds, number of beams to be averaged, etc.), CSI-RS configurations, etc. This additional information is anyway available in the measurement objects (IE MeasObjectNR). Hence, a more natural approach would be to associate the trigger condition for CHO to a measurement object, from which the UE obtain these parameters and the target frequency. Relying on the measurement configuration framework for the measurements used for the CHO monitoring conditions would also simplify the specifications, in particular clause 5.5 Measurements.
Triggering condition configuration for CHO associates the trigger condition configuration with a measurement object.

Support for other Ax events
In our view, the main use case to be supported for Rel-15 is conditional handover. In other words, the triggering conditions should be based on events or combination of events that are mapped to events used as input for handover decisions, also including reported information. In that sense, the agreement we had to support A3/5 event as trigger condition is sufficient to address conditional handover. 
Depending on the signaling solution for configuring events linked to CHO, the additional effort to include A1, A2, A4 and A6 events as triggering conditions may not be significant. Future use cases may benefit from that e.g. in case we want to enchain conditional re-configurations where one event leads to another before it may lead to a handover. In that sense, we should either support them in Rel-15 or at least make the framework extendable.
One way to do that is to link an instance of reportConfigNR to a HO command in the CHO configuration. In that sense, we could perhaps in Rel-15 limit that to only allow A3/5 events but the signaling would be ready for extending that to other Ax events. 
In CHO configuration, link at least one instance of Ax event configuration in ReportConfigNR to a HO command. At least A3/5 link in ReportConfigNR in Rel-15 is supported. 

Conclusion
Based on the discussion in section 2 we propose the following: 
1. Discuss how to support triggering of CHO based on multiple trigger quantities in CHO configuration:
1. Enhance A3/5 event to be based on multiple trigger quantities;
1. Enable two instances of A3/A5 event (possibly with different quantities) to be linked to the same HO command in CHO configuration.
Discuss how to support triggering of CHO based on SSBs and CSI-RS:
1. Enhance A3/5 event to be based on multiple RS types;
1. Enable two instances of A3/A5 event (possibly with different RS types) to be linked to the same HO command in CHO configuration.
Time to trigger configuration is applicable when configuring A3/5 event as CHO trigger conditions. FFS Whether hysteresis is also applicable. 
Triggering condition for CHO may be based on beam measurement information (in addition to cell quality).
Triggering condition configuration for CHO needs a neighbour cell identifier (e.g. PCI) and a neighbour frequency information (e.g. ARFCN).
Triggering condition configuration for CHO associates the trigger condition configuration with a measurement object.
In CHO configuration, link at least one instance of Ax event configuration in ReportConfigNR to a HO command. At least A3/5 link in ReportConfigNR in Rel-15 is supported. 
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref1065643][bookmark: _Ref477726095][bookmark: _Ref174151459][bookmark: _Ref189809556]RP-181433, New WID: NR mobility enhancements, Intel, 3GPP TSG-RAN Meeting #80, La Jolla, USA, May 21 – May 25, 2018.
[bookmark: _Ref1065875]R2-1900404, Conditional handover, Ericsson

	1/2	
image1.png
UE

UE triggers A3 event

(neighbour better than PCell)

Measurement report >X

UE declares RLF.

Conditions get worse and

Reestablishment initiated.

Reestablishment request

Source node

Reestablishment

Reestablishment complete

Reconfiguration

UE

UE triggers A3 event

(neighbour better than PCell)

Measurement report

Source node

X

HO Command

Conditions get worse and
UE declares RLF.
Reestablishmentinitiated.

Reestablishment request

Reestablishment

Reestablishment complete

Reconfiguration





