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1	Introduction
According to the TR 38.836 Section 4.5.4:
L2 UE-to-Network Relay uses the RAN2 principle of the Rel-15 NR handover procedure as the baseline AS layer solution to guarantee service continuity (i.e. gNB hands over the Remote UE to a target cell or target Relay UE, including 1) Handover preparation type of procedure between gNB and Relay UE (if needed), 2) RRCReconfiguration to Remote UE, Remote UE switching to the target, and 3) Handover complete message, similar to the legacy procedure).
Exact content of the messages (e.g. handover command) can be discussed in WI phase. This does not imply that we will send inter-node message over Uu.
In this paper, we discuss mobility enhancements through the UE-to-Network Relay as the content of the messages to guarantee service continuity for UE-to-Network Relay should be adopted to align with the principle of Rel-16, Rel-17 NR mobility procedure. 
2	Sidelink assisted mobility scenario
Figure 1 illustrates the possible scenario where we have "remote UE" and "relay UE" (as in TR 38.836) to represent the UE who belongs to that control signal message and an assisting UE to relay this control message to the serving gNB, respectively. We consider the case where both UEs are connected to the current serving cell of the remote UE. The relay UE can be located either in the same beam of the serving cell as remote UE or can be in another beam. 
[image: ]
Figure 1 Sidelink assisted mobility scenario
The message exchange between the remote UE and the serving gNB over the direct Uu interface may fail due to worsening radio conditions, especially when the remote UE moves towards the edge of the coverage area of the serving gNB as depicted in Figure 1. Moreover, when operating at FR2 or at higher frequencies, signal degradation may happen abruptly (due to blockage, rotation, etc) which leads to potential failures on Uu interface i.e. in terms of conditional handover (CHO), or beam failure;
2.1	Beam Failure
Beamforming is an integral part of NR system in FR1 and FR2, whereby Beam Failure Recovery BFR is one procedure in beam management that is used to recover the serving beam in case of beam failure detection and defined in Rel-15. The UE monitors the Radio Link Quality (RLQ) of the serving beam for beam failure detection. When the RLQ is worse than , the beam failure instance is incremented. A beam failure is detected if the maximum number of consecutive beam failure instances is reached, where two successive indications are separated by at most beamFailureDetectionTimer (set by RRC in RadioLinkMonitoringConfig)
Once beam failure has been declared, UE initiates BFR by selecting and indicating new candidate beam for PDCCH reception. The UE determines new candidate beam based on e.g. L1-RSRP measurements and performs either CFRA or CBRA to indicate the candidate beam to the serving cell. Network can configure UE with candidate beam specific CFRA preambles, i.e., each candidate beam (SSB or CSI-RS) can be indicated using dedicated signal (CFRA preamble). A specific threshold may be configured so that if any of the new candidate beams (based on L1-RSRP measurements) are above the threshold, UE selects candidate beam from that set and performs CFRA. In case there are no beams above the configured threshold, UE utilizes contention-based signalling to indicate new candidate, i.e., CBRA preamble resources are mapped to specific downlink RS (SSB).
When CFRA is used for beam recovery purposes, UE expects network to respond with PDCCH addressed by C-RNTI. In case of CBRA, UE expects response as normally in RACH procedure. For illustration, both CFRA and CBRA recovery cases are shown in Fig. 3. In case of CBRA, UE includes the C-RNTI MAC CE in msg 3 and receives in msg4 PDCCH addressed by C-RNTI scheduling PDSCH containing UE contention resolution identity MAC CE.
[image: ]
Figure 3 Contention-free and contention based BFR


In case beam failure is detected (Uu link between the remote UE and serving gNB is lost, Fig. 3), the serving cell will continue to serve the UE (sending PDCCH, DL user plane packets) while the UE is performing beam failure recovery as the serving cell will not be aware of running BFR procedures at the UE. This will result in loss of DL packets and unefficient use of DL resources.
Observation 1: Beam failures might result in loss of DL packets and inefficient use of DL resources since the serving cell will continue to serve the UE while the UE is performing BFR.
For BFR procedure at the remote UE, the serving cell can be informed via the relay-UE in case of beam failure detection to stop downlink transmission. 
Proposal 1: When the UE detects beam failure on the direct link, the remote-UE can inform the serving cell via PC5 link about the BFR event such that it can stop scheduling data and wait for the BFR from the UE.
2.2	Conditional handover failures
CHO has been specified for LTE and NR Rel-16 and is very similar to the legacy handover of Rel-15. An exemplary message sequence chart for CHO is shown in Figure 2, where the first steps 1-9 are identical to the legacy handover. In case of the CHO, the UE will only access the target cell once an additional CHO execution condition expires (i.e. the HO preparation and execution phases are decoupled). The condition is configured by the source node. The advantage of the CHO is that the CHO command can be sent very early, when the UE is served still safe in the source cell, without risking losing the access to the target cell and the stability of its radio link. That means the conditional handover provides mobility robustness.


Figure 2 Conditional handover in LTE/NR Rel 16
In CHO, data forwarding can be triggered either;
1. early at the time when the cell is prepared; or
2. late when the serving gNB/source cell received “CHO Success”, step 15 in Fig. 2. On-time data forwarding (trigger the data forwarding at the time of CHO execution) is not possible since the UE does not indicate the execution to the serving gNB. An indication from the UE to the serving gNB at the time has been discussed in NR Rel. 16 but it was not agreed due to the fact that the radio communication between the UE and the serving gNB may not be reliable, i.e., the indication may get lost.
A prepared target gNB/cell(s) in CHO has to reserve radio resources (e.g. for GBR radio bearers) and CFRA preambles. In Rel-16, the serving gNB/cell can release the prepared CHO cells (Step 19, Fig. 2) after it receives “HO Success” (Step 15, Fig. 2) from the target cell. In case of random access failure, the prepared other target cell(s) can be released after the UE re-establishes to the target cell which may take hundreds of ms. As such, the source cell has no means to release the prepared CHO cells (except the one that is being accessed by the UE) at the time of CHO execution. Because, it is likely that the reserved CFRA resource(s) become(s) invalid until the UE re-establishes with the target cell, since the time between resource reservation (step 7&8 in Fig. 2) and successful RACH (step 14, Fig.2) can easily be some tens of milliseconds. For the CHO, this period can be much larger since the UE typically sends the measurement report very early, and does not access the target cell immediately, but only after a condition has expired. This can take much longer, multiple seconds in the worst case [RP-181337]. In addition to the risk of outdated CFRA beams, the dedicated preambles are reserved for a longer time than with the legacy handover. This increases the problem of shortage on CFRA preambles.
Observation 2: The Uu interface between the remote UE and the serving gNB may not be reliable at the time of CHO execution which leads to; early or late data forwarding, the risk of outdated CFRA resources and thus the problem of shortage of CFRA preambles.
As UE-to-network relay can be used for the transmission of mobility related control signalling messages to enable on-time data forwarding and release of CHO prepared cells at the time of CHO execution. Hence, the remote UE can inform the serving cell using the PC5 link that the CHO condition is met for a specific target cell, and include the PCI and/or cell-ID of the accessed target cell (or ID of the conditional reconfiguration that is associated with the access target cell). This enables the serving cell of the remote-UE:
· To perform data forwarding on time.
· To release the preparation of the target cells that have not been accessed by the UE.
Proposal 2: The remote UE may inform the serving cell through the relay UE that the CHO condition for the handover of a direct link is met for a specific target cell.
Proposal 3: The message provided by the remote UE through the relay UE may include the PCI and/or cell-ID of the accessed target cell (or ID of the conditional reconfiguration that is associated with the access target cell).

3	Conclusion
This paper contains the following observations and proposals: 
Observation 1: Beam failures might result in loss of DL packets and inefficient use of DL resources since the serving cell will continue to serve the UE while the UE is performing BFR.
Proposal 1: When the UE detects beam failure on the direct link, the remote-UE can inform the serving cell via PC5 link about the BFR event such that it can stop scheduling data and wait for the BFR from the UE.
Observation 2: The Uu interface between the remote UE and the serving gNB may not be reliable at the time of CHO execution which leads to; early or late data forwarding, the risk of outdated CFRA resources and thus the problem of shortage of CFRA preambles.
Proposal 2: The remote UE may inform the serving cell through the relay UE that the CHO condition for the handover of a direct link is met for a specific target cell.
Proposal 3: The message provided by the remote UE through the relay UE may include the PCI and/or cell-ID of the accessed target cell (or ID of the conditional reconfiguration that is associated with the access target cell).
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