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1. Introduction 
For Rel-18 further NR mobility enhancements, the following agreement was made in RAN2#119 for L1/L2 mobility measurements:
	Measurement delay can/may be considered in this work
Assume that we rely on L1 measurements to trigger L1L2 mobility (still measurement for preparation could be L3, FFS)



And further discussion on the L1/L2 mobility latency model has been done in a post-meeting offline [1], in which the latency of candidate cells measurement is a part of the whole latency as below:
	[bookmark: _Hlk115092996]Tmeas
	Measurement delay (from target appears to cell switch command)
	-
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Figure 1. Components of mobility latency for L1/L2-based inter-cell mobility before enhancement 
In this paper, we further discuss the enhancements to L1 measurements in the aspect of improving reliability.
2. Discussion 
According to Figure 1, the Tmeas	is the measurement delay from target cell appears to cell switch command. This time period is used to identify the qualified candidate cells for inter-cell mobility. In legacy handover procedure, this refers to L3 measurement which involves L3 filtering and cell quality derived from beam-specific measurements, and RRC message based measurement reporting.
In order to support faster L1/L2 based mobility, current assumption is “we rely on L1 measurements to trigger L1L2 mobility”, which seems to only rely on L1 measurements and physical layer reporting. Compared to L3 measurements, less latency can be foreseen as a major advantage. But the main purpose of L1 measurements is for downlink scheduling, so the content of CSI report includes some scheduling specific assistance information for gNB, e.g., CQI(Channel Qulity Information), PMI(Precoding Matrix Indicator), CRI(CSI-RS Resource Indicator), SSBRI(SS/PBCH Resource Block Indicator), LI(Layer Indicator), RI(Rank Indicator) and/or L1-RSRP. These measurement results are derived based on instantaneous downlink reference signals to track fast fading of radio channels, so that the downlink data transmission can be executed using the most efficient time/frequency resources. For example, as introduced by Rel-17 FeMIMO WI, the Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE can indicate which TCI-state(s) is activated, but for each PDSCH transmission, the used TCI-state(s) still needs to be indicated by Transmission configuration indication field in DCI (gNB needs to consider the latest L1 measurement results to decide on the used TCI-state). It means although several TCI-states are activated per cell per BWP, the used TCI-state still needs to be indicated for each PDSCH transmission to align with the real-time channel quality.
Observation 1: L1 measurements are mainly used to assist downlink scheduling which aligns with fast fading of radio channel qualities.
For L1/L2 mobility, if we still solely rely on L1 measurements, a UE has to track downlink reference signals of candidate cells closely and report measurement results and scheduling specific assistance information frequently. On one hand, frequent L1 reporting (e.g., by periodic PUCCH or UCI on PUSCH) is with large signalling overhead, on another hand one potential drawback is it may also lead to frequent cell change or Ping-pong effect considering fast fading property of radio channels.
Observation 2: solely relying on L1 measurements may lead to large signalling overhead due to frequent L1 reporting, and frequent cell change or Ping-pong effect considering fast fading property of radio channels.
A possible compromise is to enable “L2 measurement events” and the corresponding L2 reporting by MAC CE, which is less time consuming than RRC based measurement reporting, and more reliable than sole L1 measurements. In our view, L1/L2 mobility should be managed by MAC layer as besides PHY there is also higher layer impact (e.g. MAC reset or PDCP recovery, etc), and this “L2 measurement events” is also in line with this view.
The concept of “L2 measurement event” is to enable UE to report the qualified candidate cell for the subsequent cell change in an event-triggered manner, and the evaluation of L2 measurement events is still based on L1 measurement results. When the criterion of L2 measurement event is met, the UE can report the candidate cell ID to gNB and other assistance information (if configured) in a MAC CE. The whole procedure is as illustrated in Figure 2.


Figure 2 the concept of L2 measurement events
Proposal 1: RAN2 to consider introducing L2 measurement events for L1/L2 based mobility.
In order to prevent the frequency cell change or ping pong effect considering fast fading property of radio channels in the L1 measurements, several candidate criteria for L2 measurement events can be considered as below.
Option 1: a UE counts the good beams of a candidate cell, i.e., the number of good beams is better than a threshold X for consecutive N times, or for N times within a period of time.
The physical layer provides L1 beam measurement results, e.g., based on the SSB measurement. A threshold Z1 can be configured by network (e.g., a RRC parameter or a MAC parameter), and the beams whose beam quality is better than this threshold Z1 is considered as a good/qualified beam. As illustrated in Figure 3, the beam 1 and beam 3 are good beams as their qualities are above the threshold. And the number of good beams in this period is 2.



Figure 3 the threshold of good beams
Every time when physical layer reports/updates the beam qualities, MAC entity can count how many good beams there are for a candidate cell. There are several criteria for a UE to determine whether this candidate cell is qualified, e.g., the number of good beams is better than a threshold X in consecutive N times. For example, MAC entity gets the beam qualities from physical layer in a periodical way, and N=4. As illustrated in Figure 4, the number of good beams is above the threshold X for consecutive 4 times, so this criterion is met. As illustrated in Figure 5, there is consecutive 3 times, but at T4 the number of good beams is lower than the threshold, so this criterion is not met.


Figure 4 Criterion 1 is met



Figure 5 Criterion 1 is not met

Option 2: a UE compares the numbers of good beams of current serving cell and candidate cell.
[bookmark: _Hlk107934369]Besides of the number of good beams of candidate cells, the number of good beams of current serving cell can also be used for comparison to avoid unnecessary cell change. Every time when the numbers of good beams are available (based on L1 reporting) for both serving cell and candidate cells, a UE can compare them. The criterion can be whether a candidate cell’s good beams are offset more than that of current serving cell. And a UE can check if this criterion has been met in consecutive N times, or for N times within a period of time. The other detail is same as option 1.
Proposal 2: the candidate criteria of L2 measurement events, or the criteria to identify a qualified candidate cell could be:
Option 1: the number of good beams of a candidate cell is better than a threshold X for consecutive N times, or for N times within a period of time.
Option 2: the number of a candidate cell’s good beams is offset more than that of current serving cell for consecutive N times, or for N times within a period of time.

3. Conclusion
In this paper, we discuss the L2 measurement events as the enhancements to L1 measurements, and we have the following observations:
Observation 1: L1 measurements are mainly used to assist downlink scheduling which aligns with fast fading of radio channel qualities.
Observation 2: solely relying on L1 measurements may lead to frequent cell change or Ping-pong effect considering fast fading property of radio channels.
And we propose:
Proposal 1: RAN2 to consider introducing L2 measurement events for L1/L2 based mobility.
Proposal 2: the candidate criteria of L2 measurement events, or the criteria to identify a qualified candidate cell could be:
Option 1: the number of good beams of a candidate cell is better than a threshold X for consecutive N times, or for N times within a period of time.
Option 2: the number of a candidate cell’s good beams is offset more than that of current serving cell for consecutive N times, or for N times within a period of time.
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