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Discussion and Decision
1 Introduction
R19 WI for enhancing further for mobility was agreed [1] in RAN#102, with the following objectives:
	4.1
Objective of SI or Core part WI or Testing part WI

· Specify support for inter-CU Layer1/Layer 2 Triggered Mobility (LTM) [RAN2, RAN3]

· Prioritize the case when CU is acting as MN when DC is not configured

· As secondary priority, support the case when NR-DC is configured and CU is acting as SN and MCG is unchanged

· As secondary priority, support the case when NR-DC is configured, CU is acting as MN and SCG is unchanged or SCG is released

· Note: The case that LTM is configured in both MCG and SCG is excluded 

· Specify support for subsequent LTM mobility procedures aiming to avoid RRC configuration between cell switches as per Rel-18 LTM

· Coordination with SA3 needed with respect to security key handling 

· Note: Rel. 18 intra-CU LTM procedure is considered as baseline for adding inter-CU support

· Measurements related enhancements for purpose of supporting LTM: [RAN2, RAN1]

· Measurement related enhancements are applicable to Intra-CU MCG/SCG LTM and Inter-CU MCG/SCG LTM

· Specify necessary components to support event triggered L1 measurement reporting [RAN2, RAN1]

· RAN1 and RAN2 to progress independently on the event triggered measurements objectives of their respective MIMO and Mobility enhancement WIs. Review progress at RAN#105 to see if any modification of objectives is required to avoid/manage any overlap in the work

· Specify support for CSI-RS measurements for LTM procedures and enable CSI-RS based beam management, and/or other necessary physical layer operations on candidate cells before LTM [RAN1]

· Specify support of conditional LTM [RAN2, RAN3, RAN1]

· Specify UE evaluated conditions for triggering LTM

· Aim to support conditional LTM including subsequent LTM

· Prioritise intra-CU LTM

· Checkpoint to review objective at RAN#105. RAN WG work to not start before this checkpoint

· Specify RRM requirements related to the above objectives as necessary [RAN4]




This contribution provides our views on the objective#2, i.e. measurements related enhancement for LTM.
2 Discussion

2.1 R18 L1 measurement scheme for LTM mobility
In R18 LTM mobility mechanism as shown in Figure-1, L1 measurement for LTM mobility can be summarized into the following characteristics:

1)  The L1 measurement configuration is provided together with LTM candidate configuration via RRC signaling; 
2)  The L1 measurement is based on ICBM measurement framework, and L1 measurement filtering is not supported. 
3)  UE starts the L1 measurement on candidate cells from receiving the LTM candidate configuration (in step 2) until UE receives a cell switching command MAC CE and initiates LTM procedure (in step 6).
4)  During the measurement period (as marked in yellow), UE keeps L1 measurement reporting for each candidate cell in the periodical reporting way based on the network configuration in step-2. 
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Figure 9.2.3.5.2-1. Signalling procedure for LTM

2. The gNB transmits an RRCReconfiguration message to the UE including the LTM candidate configurations.

5. The UE performs L1 measurements on the configured LTM candidate cell(s) and transmits L1 measurement reports to the gNB. L1
measurement should be performed as long as RRC reconfiguration (step 2) is applicable.




Figure-1. LTM procedure

2.2 Directions for L1 LTM measurement enhancement in R19 
Based on the introduction of existing R18 L1 LTM measurement scheme, the shortcomings and enhancement directions are obvious as follows:
1)  The existing L1 measurement reporting for each candidate cell is in periodic way, which causes heavy signaling overhead. 

2)  In order to reduce the signaling overhead of the L1 measurement reporting, network may configure longer reporting periodicity, which increases the reporting latency and delay the optimal time point for network to trigger the cell switching.
3)  UE starts preparing the L1 measurement on all candidate cells from receiving the LTM candidate configuration, regardless of current serving cell’s quality, which leads to unnecessary measurements on the candidate cells and unnecessary UE power consumption.
4)  The L1 measurement results of the candidate cells have not been filtered for mobility purpose, which can result in wide fluctuation in L1 measurements that when used for cell switching decisions, may cause ping-pong issue. 
The direction for R19 measurement enhancement can be summarized as follow. 
Table-1. Directions for R19 LTM measurement enhancement 
	R18 design
	Shortcoming
	Direction for R19 enhancement

	1. Periodic L1 measurement report 
	> Heavy signalling overhead

> Long report latency
	Event triggered L1 measurement report

	2. L1 measurement initiation based on RRC configuration 
	> inefficient measurement
> inefficient UE power consumption
	Condition to initiate L1 measurement on candidate cells

	3. No L1 measurement filtering for mobility purpose 
	> Ping-pong issue
	Filtering operation for mobility purpose


Proposal 1: Confirm the following directions of R19 measurement enhancement for LTM for further study. 
· Event triggered L1 LTM measurement report. 
· Condition to initiate L1 LTM measurement. 
· Filtering operation for mobility purpose on L1 LTM measurement.   
2.3 Direction 1: Event triggered L1 LTM measurement report
The L1 measurement report for LTM purpose is used for network to decide the target cell and the target beam in order to trigger cell switching. 
Currently, the event triggered measurement report mechanism for mobility purpose is supported under the L3 RRM measurement framework. 
Therefore, how to consider the event triggered L1 LTM measurement report is discussed based on the existing RRM measurement framework as below. 
· Measurement configuration

In L3 measurement framework, the event configuration is provided in the measurement configuration via RRC signalling. 

· NW configures the measurement event (in reportconfig) associated with a measurement resource (in measurement object) for the neigbhor/neigbhor/candidate cells in measurement configuration;
· With such association, network can configure different events for different candidate/neigbhor cells. 

To support the event triggered L1 LTM meaurement report mechanism, we should also support the different events configured for the different candidate cells. Therefore such association design should be also supported. 

In addition, since the measurement resource configuration for each candidate cell has already provided in LTM candidate configuration via RRC signalling, it’s straightforward to provide the event configuration in the same place. 
Proposal 2: Support the different L1 LTM measurement events configured for different candidate cells.  

Proposal 3: Support the L1 LTM measurement event configuration together with the L1 measurement resource configuration provided in LTM candidate configuration via RRC signaling.  
· Measurement granularity

L3 measurement framework is cell level measurement framework. UE performs the measurement and derives the cell quality from multiple beam result provided by L1, and use the cell quality to evaluate the event trigger criteria. Beam specific measurement report is also supported, but the result is not used for event criteria evaluation and trigger measurement report, but only as part of the RRC measurement report information. 
[image: image2.png]RRC configures RRC configures RRC configures

parameters parameters parameters
UE Implementation
| specific |
A peciti Al
gNB beam 1 - Layer1 filtering t > C
gNB beam 2 - i Beam B Layer 3 | » Evaluation of
Consolidation/ ——————» filtering for cell reporting
5 Cell quality s ct -
: I Selection quality criteria
gNB beam K —— | Layerl filtering |1 > —>
I — K beams
K beams ~ >/ 13Beam filtering | fi—
—> 3 Beam filtering | Beam Selection | X beams
l I for reporting .|
| L
—» L3 Beamffiltering |/ J
E F

RRC configures RRC configures
parameters parameters





Figure-2. L3 RRM measurement model 
Observation 1: L3 based measurement event and report is based on cell quality.
Current L1 LTM measurement is based on ICBM framework, which is to provide the beam specific measurement result. For the L1 LTM measurement, UE performs the measurement based on the beam configuration. 
Observation 2: Current L1 LTM measurement report is based on beam quality. 
Since the function of the beam consolidation to derive the cell quality is only supported in L3 not in L1, if we would like to define the event evaluation based on the cell quality for L1 LTM measurement, it will complicate the LTM measurement design and duplicate the function in L3. Besides, for LTM mobility, the configuration and UE actions are beam based (TCI config etc.) and so beam based framework should be continued. Therefore, it’s better to keep the measurement granularity of the event triggered L1 LTM measurement in beam level, not in cell level. For cell level event trigger measurement report, we can just reply on existing L3 RRM measurement framework. 

Proposal 4: The event triggered L1 LTM measurement framework is based on beam level measurement. Cell quality evaluation based on multiple beams is not considered.
· Event trigger condition
In L3 measurement framework, multiple measurement events are defined to trigger L3 measurement report for different purposes and for different deployments. In typical deployment, the following Ax measurement events are specified for the mobility purpose (i.e.PCell/PSCell change). 

· Event A1:
Serving becomes better than absolute threshold;

· Event A2:
Serving becomes worse than absolute threshold;

· Event A3:
Neighbour becomes amount of offset better than PCell/PSCell;

· Event A4:
Neighbour becomes better than absolute threshold;

· Event A5:
PCell/PSCell becomes worse than absolute threshold1 AND Neighbour/SCell becomes better than another absolute threshold2;
In RAN1 R19 MIMO WI, the measurement events similar as Ax events are considered for further study. 
	<RAN1#116 agreements on event-driven beam reporting>

On UE-initiated/event-driven beam reporting, regarding trigger-event detection for beam reporting, RAN1 further study at least the following aspects: quality metrics, event-definition and threshold.

· Further study trigger events, including the following example as a starting point

· Event-1: Quality of the current beam is worse than a certain threshold. (Similar as event A2)
· Event-2: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam. (Similar as event A3)
· Event-3: Quality of a new beam is better than a certain threshold. (Similar as event A4)
· Event-4: Quality of the current beam is worse than a threshold 1, and quality of at least one new beam is better than a threshold 2. (Similar as event A5)
· Others are not precluded.


For LTM mobility purpose, the motivation for the event criteria is same as L3 measurement event for mobility purpose, and just the event evaluation is based on beam quality of the serving cell and candidate cell. 
Therefore, the beam specific Ax events can be considered for the L1 LTM measurement event. For the beam specific Ax events, the evaluation quality is still in cell level, but the quality for evaluation is just based on one beam level quality of the cell, not cell level quality. 
The high-level definition of the beam specific Ax event is provided as below. For the beam of serving/candidate cell used in the definition and for the event evaluation, the beam could be the best beam , the current serving beam, or any beam UE detected, and details can be further studied. 
· Event A1beam: Beam of serving cell becomes better than absolute threshold;

· Event A2beam: Beam of serving cell becomes worse than absolute threshold;

· Event A3beam: Beam of candidate cell becomes amount of offset better than beam of PCell/PSCell;

· Event A4beam: Beam of candidate cell becomes better than absolute threshold;

· Event A5beam: Beam of serving cell becomes worse than absolute threshold1 AND beam of candidate cell becomes better than another absolute threshold2.
One example is provided in Figure-3. The measurement event A3beam is configured for the candidate cell. When UE moves from PCell to candidate cell and is at the overlapped coverage between PCell and candidate cell, due to the beam#3 of candidate cell is better than the beam#1 of serving cell by more than the threshold, UE will trigger the L1 LTM measurement report and include the candidate cell and beam info.
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Figure-3. Example of the beam specific Ax event  
Proposal 5: Support the following Ax events based on beam specific quality of serving cell and candidate cells as the L1 LTM measurement events. 
·  Event A1beam: Beam of serving cell becomes better than absolute threshold;

·  Event A2beam: Beam of serving cell becomes worse than absolute threshold;

·  Event A3beam: Beam of candidate cell becomes amount of offset better than beam of serving cell;

·  Event A4beam: Beam of candidate cell becomes better than absolute threshold;

·  Event A5beam: Beam of serving cell becomes worse than absolute threshold1 AND Beam of candidate cell becomes better than another absolute threshold2.
Proposal 6: For beam specific Ax events in P5, which beam of serving cell and candidate cell is used for the event evaluation can be further studied. 
· L1 LTM measurement report
For the L1 LTM measurement report, there are two issues for discussion:
1) The information in the L1 LTM measurement report. 

In L3 event triggered measurement report, it carries the cell quality and beam quality (optional) of the triggered cell and serving cell. 
For L1 LTM measurement, since only beam specific measurement is supported, but the association between the beam and cell is known, UE can include the cell info (e.g. candidate cell index or config ID for candidate cell) and beam information (beam index and beam quality) of the triggered cell and serving cell in the measurement report. 
Proposal 7: For L1 LTM measurement report, it includes the cell info and beam info of the triggered cell and serving cell (optional).
2) The signalling to carry the L1 LTM measurement report. 
For L3 RRM measurement, the measurement report is carried in RRC signalling and delivered from UE to gNB/CU, and gNB/CU made the HO decision based on L3 measurement report. 
For L1 LTM measurement, it serves for the LTM purpose, and the LTM decision is made in DU. Since the content of the RRC signalling is invisible in DU, for the L1 LTM measurement report, it should be carried in L1 or L2 signalling, e.g. L1 UCI or L2 MAC CE.  
Proposal 8: L1 LTM measurement report is not carried through RRC signalling, but whether it is carried via L1 UCI or L2 MAC CE can be discussed further.
2.4 Direction 2: Condition to initiate L1 LTM measurement report 

The measurement on candidate/neighbour cell is not necessary if UE’s current serving cell quality is good enough (i.e. in cell center) and there is no need for cell switching. UE should avoid performing neighbour measurement in such cases which could help UE power saving. 
Observation 3: Measurement on non-serving cell is not necessary if current serving cell quality is good enough.  
In current L3 RRM measurement framework, if serving cell quality > S-measure, UE is not required to perform the neighbour measurement. Therefore, the same design should be performed in L1 LTM measurement. 

Proposal 9: UE is not required to perform the L1 LTM measurement on candidate cells if there is a beam of serving cell is good enough. 
2.5 Direction 3: Filtering operation on L1 LTM measurement report 

According to current measurement model, L3 filtering can be applied for L3 cell specific measurement and L3 beam specific measurement in RRC layer, and the purpose is to avoid the ping-pong issue. 
To ensure the L1 LTM measurement report does not cause ping-pong effect, the filtering function can not be avoided. 
There is one L1 filtering function supported in PHY which is used to filter the L1 beam specific quality, but the filtering is implementation dependent. 

Due to the fact that the existing L1 filtering design is not specifically designed for mobility purpose and different UE implementations vary, further study in RAN1 and RAN4 is needed to determine whether it is possible to rely on existing filtering to achieve the stable and reliable LTM mobility performance.
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·      Layer 1 filtering: internal layer 1 filtering of the inputs measured at point A. Exact filtering is implementation dependent. How the measurements are actually executed in the physical layer by an implementation (inputs A and Layer 1 filtering) is not constrained by the standard.

Proposal 10: L1 measurement filtering is required to provide the L1 LTM measurement report. Details on this (i.e. rely on existing L1 filtering or introduce new one) would depend on RAN1 and RAN4.
3 Conclusion
According to the analysis in section 2, we propose that:
< Directions for L1 LTM measurement enhancement >
Proposal 1: Confirm the following directions of R19 measurement enhancement for LTM for further study. 

· Event triggered L1 LTM measurement report. 

· Condition to initiate L1 LTM measurement. 

· Filtering operation for mobility purpose on L1 LTM measurement.   
< Direction 1: Event triggered L1 LTM measurement report >
Proposal 2: Support the different L1 LTM measurement events configured for different candidate cells.  

Proposal 3: Support the L1 LTM measurement event configuration together with the L1 measurement resource configuration provided in LTM candidate configuration via RRC signaling.  
Proposal 4: The event triggered L1 LTM measurement framework is based on beam level measurement. Cell quality evaluation based on multiple beams is not considered.
Proposal 5: Support the following Ax events based on beam specific quality of serving cell and candidate cells as the L1 LTM measurement events. 

·  Event A1beam: Beam of serving cell becomes better than absolute threshold;

·  Event A2beam: Beam of serving cell becomes worse than absolute threshold;

·  Event A3beam: Beam of candidate cell becomes amount of offset better than beam of serving cell;

·  Event A4beam: Beam of candidate cell becomes better than absolute threshold;

·  Event A5beam: Beam of serving cell becomes worse than absolute threshold1 AND Beam of candidate cell becomes better than another absolute threshold2.
Proposal 6: For beam specific Ax events in P5, which beam of serving cell and candidate cell is used for the event evaluation can be further studied. 

Proposal 7: For L1 LTM measurement report, it includes the cell info and beam info of the triggered cell and serving cell (optional).

Proposal 8: L1 LTM measurement report is not carried through RRC signalling, but whether it is carried via L1 UCI or L2 MAC CE can be discussed further.
< Direction 2: Condition to initiate L1 LTM measurement report>
Proposal 9: UE is not required to perform the L1 LTM measurement on candidate cells if there is a beam of serving cell is good enough. 

< Direction 3: Filtering operation on L1 LTM measurement report >
Proposal 10: L1 measurement filtering is required to provide the L1 LTM measurement report. Details on this (i.e. rely on existing L1 filtering or introduce new one) would depend on RAN1 and RAN4.
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