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Introduction
[bookmark: _Toc242573354]In the work item for NR Mobility Enhancements [1], one objective is to improve the robustness at handover. In RAN2#105 in Athens, CHO has been agreed to be studied, including specific issues related to FR2, as shown below:
Agreements
1	We will study at least conditional handover as one solution for handover robustness improvements. 
2	We should consider how solutions work in FR2.

In RAN2#105, further “progress” was made, and the following has been agreed:
Agreements
0:	CHO is introduced in NR to solve robustness/reliability issue.

1:The LTE agreements below are applicable for NR: 

. . . 

FFS: Enhancements to the above CHO framework to specifically address usage in FR2 (e.g. address high number of handovers, RLFs, etc)


Hence, there seems to be a clear intention to discuss how CHO works in NR works for FR2.
Discussion
Conditional Handover
Conditional handover aims to avoid RLFs due to a late measurement report that may not reach the network or, even when measurement reports are received, and the network decides to perform a handover, the handover command does to reach the UE before RLF happens and UE starts the re-establishment procedure. These problems are illustrated in the figure below:
[image: ]
In conditional handover the network configures the UE with triggering conditions for when a handover should be executed. When the conditions are fulfilled, the UE executes the handover without any further order from the network. The advantage of the procedure is that the HO Command may be provided to the UE at an earlier stage before the radio conditions have become poor, which increases the chance of a successful transmission of the message. The basic signalling flow for conditional handover is shown in Figure 1.
[image: ]
Figure 1: Conditional handover
[bookmark: _Hlk1023687]
In RAN2#105 in Athens, the following email discussion was agreed:
[105#xx][NR/MOB]  Comparison of LTE and NR Conditional handover (Intel)
Compare differences between LTE and NR. Consider both FR1 and FR2.
Discuss whether NR CHO is different (e.g. based on R2-1901362) than LTE (e.g. baseline in offline discusion 801, if it converges). 
	Intended outcome: Email discussion report (including technical differences between LTE and NR CHO).
	Deadline: One week before submission deadline. 

In that email discussion, the rapporteur argued that for FR2, NR UEs using directional antenna and operating in FR2 will attempt more HO due to change of antenna direction. And, that RSRP degradation due to rotation of NR UE using directional antenna and operating in FR2 can be significant. Then, consequently, the rapporteur assumes that extensions will be needed to capture the NR beamforming aspects. One of the impacts argued by rapporteur is that fallback to contention-based random access (CBRA) may happen frequently with CHO, since the prepared beam(s) may get outdated due to the early HO Command. However, RAN2 has not discussed yet what kinds of random access configurations is allowed to be configured in CHO. 
RAN2 has not discussed what type of RACH configuration are allowed in CHO.

[image: ]
In NR reconfiguration with sync, the network may configure contention-based random access (CBRA) or contention-free random access (CFRA). If CBRA is configured, the UE is provided with a mapping between RACH and SSBs for the target cell and, upon receiving the handover command the UE selects a suitable SSB (with PCI associated to the PCI in reconfigurationWithSync, and using the configured mapping sends a preamble and waits for a RAR.
[image: ]
If the UE receives the RAR, the UE gets the UL grant to send the RRCReconfigurationComplete to the target. If the UE does not receive the RAR until the RAR time window expires, the UE may either select the same SSB and ramp the power or, select another SSB.
In CBRA, if the UE does not receive the RAR within the configured time window, UE may either select another SSB or ramp the power.

If CFRA is configured, the UE is also provided with a mapping between RACH resources and specific SSBs (or CSI-RSs) for the target cell and, upon receiving the handover command the UE selects a suitable SSB (with PCI associated to the PCI in reconfigurationWithSync) with CFRA resources, and using the configured mapping sends a preamble and waits for a RAR. In CFRA, these resources are dedicated and after receiving the RAR the UE considers the random access procedure complete (as there is no contention resolution phase). As in CBRA, if the UE does not receive the RAR, the UE may either select another SSB or select the same SSB and ramp the power before it transmit the preamble. However, the UE may select an SSB for which the UE does not have a dedicate RACH resource. This is the so-called random access fallback.
In CFRA, if the UE does not receive the RAR within the configured time window, UE may either select another SSB and possibly fallback to a CBRA.

Random-access resources allocated in reconfiguration with sync
Before we discuss the random access fallback during CHO, we need to have a common understanding that CFRA is supported in CHO. In reconfiguration with sync, CFRA can be allocated in two manners. 
In one alternative, the target does not have a congestion situation and, upon request from source, it may simply configure for each potential target SSB (or CSI-RS) CFRA resources. One should not exaggerate and assume this always leads to very inefficient schemes especially because this is not necessarily a 1-to-1 mapping.
In a second alternative, the target does not bother and, upon request from source, it may simply configure CBRA resources.
And, only in a third alternative, the target decides not to allocate CFRA for all its beams, but for a subset of them that are more likely to be accessed by the UE. And for that, the target is assisted by the source that forwards beam measurement information as part of the RRM information in the HO REQUEST. It is not even certain this is likely to be the most typical scenario, hence we wonder why RAN2 starts by addressing that (considering the huge amount of work to be done anyway).
Network may typically configure CFRA for all possible beams or CBRA.
Network may also configure CFRA for a subset of beams, but that is not the most typical case as it requires inter-node exchange of beam measurements.

And, only in that third alternative CBRA/CFRA fallback becomes relevant, only in the case the UE does not succeed in accessing an SSB/beam with CFRA resources, which should not be very typical. 

CHO and Random-access resources allocated
The assumption in the email discussion was that the outdated beam-related information problem is more severe in the CHO because the time between the HO preparation and the HO execution can be quite long. One of consequence is fall-back to CBRA may happen frequently due to beam change. 
However, that assumes the network has requested the UE to include beam measurement information in measurement reports during preparation phase, that the source provided that to target candidates and target candidates, even though they know that the UE may not come or may come later in time, anyway allocates CFRA resources for a subset of beams, which does not seem to be a very smart strategy. In our view, it would be much safer to simply provide CBRA resources or, if possible (depending on load) provide CFRA for all beams.
It does not seem to be a smart network strategy to provide CFRA resources only for a subset of beams in CHO.

But if that is anyway configured, it is claimed in the email discussion that CFRA/CBRA fallback would occur more often. That is even more of an evidence that one should not allow that configuration. Hence, we are certain that CBRA should be supported as a configuration when reconfigurationWithSync is provided in CHO. We also think that CFRA configuration should be supported in reconfigurationWithSync when configured for CHO. However, we are not certain we need to support a configuration that has a potential risk to lead to fallback i.e. a configuration where the UE is provided with CFRA resources only for a subset of beams in a target candidate.
Network may configure CFRA for all target beams or CBRA in CHO configuration per target cell candidate. FFS CFRA resources for subset of beams. 
	
Beam measurements in RRCReconfigurationComplete in target
In our view, even if we end up agreeing on the FFS we still see no further problem in supporting CHO for FR2, regardless if that is source or a potential target candidate, except that one may claim that target is not really making the best choice in the CFRA allocation. In the email discussion it was highlighted that a way to solve that issue is the UE reporting the latest beam measurements via Uu HO execution indication to the source gNB upon the HO execution. In our view reporting anything to source is controlled by measurement reports, and that should still be supported, but sending of UL messages close to the handover may impact the handover robustness and the purpose of conditional handover is to avoid sending of messages in relation to the handover. 
However, if that is reported in target (e.g. in RRCReconfigurationComplete) it may indicate to the target how CFRA resources would have been better allocated or, give the possibility to re-configure L1 beam management measurements and reporting as that may depend on beams the UE is able to detect. 
Discuss the reporting of beam measurements in RRCReconfigurationComplete in target. 

Beam measurements used in triggering condition and cell selection upon CHO execution 
Finally, one potential aspect related to the support of FR2 in CHO is the design of triggering conditions [2] and the cell selection function upon CHO execution [3]. As explained in a companion paper, a source gNodeB may want to configure beam measurement reporting to be included in event triggered measurement reports (e.g. A3/5 events) so that it may compare different target candidates and select the one which is more robust (e.g. possibly measured by the number of good beams) [2]. In that sense, a proper support of CHO in FR2 requires beam measurement information to be possibly configured as triggering conditions. Also, in the case multiple cells fulfil a triggering condition at the same time, it seems relevant to consider beam measurement information as input for cell selection. 
For CHO in FR2, beam measurement information is used for triggering conditions and for cell selection upon CHO execution.
[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss the following proposals:
1. [bookmark: _Hlk528334907]Network may configure CFRA for all target beams or CBRA in CHO configuration per target cell candidate. FFS CFRA resources for subset of beams. 
1. Discuss the reporting of beam measurements in RRCReconfigurationComplete in target. 
1. [bookmark: _GoBack]For CHO in FR2, beam measurement information is used for triggering conditions and for cell selection upon CHO execution.
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