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1	Introduction
In this contribution, we are studying whether the legacy (Release 15) selection of Random Access Resources as specified in 38.321, section 5.1.2 is appropriate for CHO:
	[bookmark: _Toc12751536]5.1.2	Random Access Resource selection
The MAC entity shall:
…
1>	else if the contention-free Random Access Resources associated with SSBs have been explicitly provided in rach-ConfigDedicated and at least one SSB with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs is available:
2>	select an SSB with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs;
2>	set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected SSB.
1>	else if the contention-free Random Access Resources associated with CSI-RSs have been explicitly provided in rach-ConfigDedicated and at least one CSI-RS with CSI-RSRP above rsrp-ThresholdCSI-RS amongst the associated CSI-RSs is available:
2>	select a CSI-RS with CSI-RSRP above rsrp-ThresholdCSI-RS amongst the associated CSI-RSs;
2>	set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected CSI-RS.
….
1>	else (i.e. for the contention-based Random Access preamble selection):
2>	if at least one of the SSBs with SS-RSRP above rsrp-ThresholdSSB is available:
3>	select an SSB with SS-RSRP above rsrp-ThresholdSSB.
2>	else:
3>	select any SSB.
…



2	Discussion
Looking at the description in detail, we observe that contention-free Random Access Resources (CFRA) are only used if the corresponding SSB is above rsrp-ThresholdSSB, or the corresponding CSI-RS is above rsrp-ThresholdCSI-RS. Otherwise, the CFRA resources are NOT used and the UE falls back to CBRA, even if the ultimately selected SSB has CFRA resources configured, and even if the selected SSB is the strongest one.
In particular, it may happen that:
· CFRA resources are available, but below rsrp-ThresholdSSB or rsrp-ThresholdCSI-RS.
· Nevertheless, an SSB with CFRA resources is the strongest SSB, so that it is likely that this SSB is selected by the UE (see yellow part in the box in Section 1).
· In this case, the UE would do (unnecessarily) CBRA, although CFRA resources are available on this SSB
It should be out of question, that this is unintuitive and suboptimal. Recall that unnecessary CBRA fallback introduces additional risk due to preamble collision, it requires to exchange further messages for contention resolution and UE identification, and thereby introduces additional handover interruption and additional interference.
The relevant questions are:
· how relevant/likely to happen this situation is
· whether there is any difference between CHO and legacy handover
2.1	Relevance
Obviously, the crucial thing is the configuration of rsrp-ThresholdSSB or rsrp-ThresholdCSI-RS. The following trade-off has to be made when configuring this threshold:
· The smaller the threshold, the more often the UE prioritizes the CFRA resources, i.e. the more consequently it tries to use the configured CFRA resources. So, a small threshold will minimize the unnecessary CBRA fallback.
· However, a small threshold also increases the risk of handover failure. Note that signal strengths of the target cells/beams are compared against the thresholds and interference is not considered. Even though strength is above a decent threshold, the quality (SINR) could be bad leading to handover failure. With a small threshold, it is likely that the UE will not select the strongest available SSB and suffers from interference (from neighboring cell or neighboring beam).
· Vice versa, a larger threshold reduces the risk of handover failure, but increases the unnecessary CBRA fallbacks.
These explanations show that there is a high sensitivity on the configuration of the thresholds for contention-free RA. Typically, we want to avoid handover failures (and the involved interruption through RRC re-establishment) as much as possible, and hence we have to configure a conservative, i.e. large enough threshold. This threshold massively depends on the interference situation which can be very different in different cells, even in different beams, and it may even change over time.
Observation 1: (Unnecessary) CBRA fallbacks are very sensitive to the configuration of rsrp-ThresholdSSB or rsrp-ThresholdCSI-RS. Large threshold will inevitably lead to CBRA fallbacks.
Observation 2: Configuration of rsrp-ThresholdSSB or rsrp-ThresholdCSI-RS is challenging. In order to avoid handover failures, conservative (i.e. large) thresholds have to be configured.
This suggests that the problem seems rather relevant, which is further illustrated by simulation results, shown in section 3.3.
2.2	Difference between legacy and conditional handover
In order to understand the differences between legacy and conditional handover, we have to investigate in more detail, how handover failures occur when the threshold is too large. Typically, during (conditional) handover preparation, CFRA resources are allocated based on the strongest beam-level measurements which are included in the measurement report triggering the handover. Let us assume for a moment, that the threshold is -infinity such that the UE would definitely perform CFRA on the SSB with CFRA resources. A handover failure will happen under two circumstances:
· The channel conditions of the SSBs (=beam) for which the CFRA resources have been provided, have degraded.
· The beam-level measurements, on which the allocation of CFRA resources have been based on, were inaccurate
The latter problem of inaccurate beam-level measurements has very similar impact for both legacy and conditional handover. We will now focus on the former problem of channel degradation.
For legacy handover, the time between the (beam-level) measurements and the random access resource selection is small, and it is thereby unlikely that the SSBs have degraded significantly. So, even if the UE desperately sticks to the prepared SSB with CFRA resources, the risk of handover failure will be small. If the strongest beam (SSB) was prepared for CFRA, it is very likely that it is still the strongest beam during RACH. From that, we conclude for the legacy handover, that the risk of HoF is small (at least it is independent of the threshold), thereby a small threshold can be used and CBRA fallbacks can be kept small. In other words, the current procedure works well for legacy handover.
Observation 3: The current MAC procedure for random access resource selection works fine for legacy handover.
On the other hand, for the conditional handover, the time between (beam-level) measurements and the random access resource selection can be much larger. Hence, it is likely that the strongest beams (which have been prepared for CFRA) are no longer among the strongest such that an additional check/verification before RACH is necessary. Consequently, handover failures are much more likely when the threshold is low, and the sensitivity of handover failures against the threshold is much larger than with legacy handover.
Observation 4: The sensitivity of handover failures against the threshold is much larger with conditional handover.
2.3	Illustration with simulations
We will illustrate the observations above with some simulation results.
· Results are shown for legacy HO (right) and for CHO (left) 
· On the x-axis we sweep rsrp-ThresholdSSB
· Solid-line results show the handover failures (scale is on the left axis)
· Dashed-line results show the CBRA fallback percentage (scale is on the right axis)
· For the blue results we have prepared the beam with strongest beam-level measurement with CFRA
· For the orange results we have prepared the 4 beams with strongest beam-level measurements with CFRA
· Results with diamonds show the performance of the Rel-15 random access resource selection
· Results with circles show the performance of a modified version for random access resources, where the UE performs CFRA if an SSB with CFRA resources was selected (even if the RSRP is below rsrp-ThresholdSSB). Please note that this would consume 4 preambles for every handover target.
· Some results are coinciding, i.e. some curves are hidden below others.
[image: ][image: ]
The following observations are made:
· For legacy handover, the handover failures are insensitive against the threshold (since the strongest beams are prepared, and they will most likely still be among the strongest beams during RACH).
· Hence, for legacy handover, a small threshold can be selected, which minimizes the CBRA fallback. Even setting the threshold to -Inf is a reasonable configuration. This shows that the Rel15 procedure is good enough for legacy handover. Nevertheless, also for legacy handover, we see how a larger threshold increases the CBRA fallback tremendously.
· However, for conditional handover, we see a much more diverse picture. The handover failures (solid) depend a lot on the threshold, since the strongest beam during preparation may degrade until the random access.
· When the 4 strongest beams are prepared (orange), the HoFs are smaller in general, and still reduced even with larger threshold.
· To be on the safe side in terms of HoFs, the threshold should be in the range of -74dBm in this example (-97dBm is the noise level in this example).[footnoteRef:1] [1:  The modified random access resource procedure has negligible impact on the HoF results since CBRA will have almost the same success probability as CFRA (but it will take longer). The curves overlap in this example.] 

· For such a conservative threshold, we already have >>40% CBRA fallbacks (dashed), even if the 4 strongest beams are prepared for CFRA (orange).
· If the UE performed CFRA when it selects an SSB with CFRA resources (even if it is below the conservative threshold, circles), we see a massive reduction of CBRA fallback, even when the 4 strongest beams are prepared.
· This indicates that the dominant part of the CBRA fallbacks are unnecessary, i.e. the UE uses CBRA although it has CFRA resources for this SSB (beam).
The latter observations are the most relevant ones, they suggest that the Rel-15 procedure for random access resource selection is suboptimal for CHO, it will lead to a lot of unnecessary CBRA fallbacks and thereby to increased handover interruption (and additional interference). Slight modifications may lead to significant improvements.
Observation 5: The Rel-15 random access resource selection procedure is suboptimal for CHO and leads to a lot of unnecessary CBRA fallbacks which increase the handover interruption significantly. Slight modifications may achieve significant improvements.
Proposal 1: RAN2 agrees on the problem of unnecessary CBRA fallback for CHO and is asked to discuss improvements, e.g. a UE shall be allowed to perform CFRA when it has selected an SSB with CFRA resources.
3	Conclusion
This paper discussed the issues related to Random Access resource selection for CHO. The following observations and proposal have been made:
Observation 1: (Unnecessary) CBRA fallbacks are very sensitive to the configuration of rsrp-ThresholdSSB or rsrp-ThresholdCSI-RS. Large threshold will inevitably lead to CBRA fallbacks.
Observation 2: Configuration of rsrp-ThresholdSSB or rsrp-ThresholdCSI-RS is challenging. In order to avoid handover failures, conservative (i.e. large) thresholds have to be configured.
Observation 3: The current MAC procedure for random access resource selection works fine for legacy handover.
Observation 4: The sensitivity of handover failures against the threshold is much larger with conditional handover.
Observation 5: The Rel-15 random access resource selection procedure is suboptimal for CHO and leads to a lot of unnecessary CBRA fallbacks which increase the handover interruption significantly. Slight modifications may achieve significant improvements.
Proposal 1: RAN2 agrees on the problem of unnecessary CBRA fallback for CHO and is asked to discuss improvements, e.g. a UE shall be allowed to perform CFRA when it has selected an SSB with CFRA resources.
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