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1	Introduction
There are remaining open issues regarding the specification of the RACH-less HO combined with time-based CHO. The following agreements were made during the RAN2#123bis meeting in October 2023:
	RAN2#123bis agreements
1. UE relies on T304 and RRC Re-establishment procedure to address RACH-less HO failure in Rel-18 NTN (as in LTE). No new NTN-specific enhancements are introduced. If TAT expires, the UE follows the legacy procedures, regardless of the RACH-less HO configuration. RAN2 understands that the NW can ensure a proper configuration for TAT and T304 values (up to NW implementation, no need to capture this in the specs). 
2. Combination of RACH-less HO with time-based CHO is supported in Rel-18 NTN for both Configured and Dynamic Grant. For the Dynamic Grant case this should be configured by the NW only when the is no risk of confusion about which beam to use (up to NW implementation).



Even though the specification of the RACH-less HO procedure continued during RAN2#124 meeting, to the best of our knowledge we believe there are open issues untreated. In this paper, we elaborate on those technical issues and propose solutions.
2	Combination RACH-less HO with time-based CHO
The current specifications allow the combination of RACH-less handover (HO) and time-based conditional HO (CHO). This configuration was agreed in RAN2#123bis meeting (October 2023) and it is captured in subclause 16.14.3.2.2 in TS38.300. In our view, the current specifications are unclear on the UE behaviour when it is configured with multiple conditional candidate cells and the first attempt is via RACH-less time-based CHO procedure. 
Observation 1: Current specifications allow the combination of RACH-less HO and time-based CHO in NR NTN.
Figure 1 shows a signalling chart of the CHO recovery procedure in case of CHO failure. In LTE and NR, a UE can be configured with multiple conditional candidate cells via RRC Reconfiguration (see Step 2). Once the UE receives the configurations from the serving cell SCell, it starts evaluating the CHO execution condition(s). Note than in NTN this CHO execution can be time-based (i.e., condEvent T1) or location-based (condEvent D1/D2). If the access to candidate cell CCell#1 fails, the UE is configured to attempt CHO recovery (i.e., RRC Reconfiguration contains more than one condRRCReconfig and attemptCondReconfig is enabled) and the UE performs cell selection CHO candidate cell CCell#2, the UE attempts CHO execution to that cell, which skips initiating radio link failure recovery. 
Observation 2: If the access to a CHO candidate cell fails, the UE can apply a valid stored condRRCReconfig to a selected cell.
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Figure 1 CHO signalling chart

Figure 2 also illustrates a mobility failure scenario but in this case is when the UE is configured to perform a RACH-less HO procedure. For a RACH-less HO, the UE receives in RRC Reconfiguration message the RACH-less configuration including either a configured grant or a dynamic grant indication. Once the UE finishes the reconfiguration and it has a valid UL grant, it attempts a first UL transmission towards candidate cell CCell#1. In case of RACH-less HO failure, RAN2 agreed in RAN2#123bis meeting to rely on RRC Re-establishment procedure and follow the legacy procedure (Step 5). 
Observation 3: In case of RACH-less HO failure, the UE falls back to RRC Re-establishment procedure. 
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Figure 2 RACH-less signalling chart
In case of combining time-based CHO and RACH-less HO is unclear what is the expected UE behavior. We have exemplify this in Figure 3. Given the scenario where a UE is configured with multiple CHO candidate cells, where attemptCondReconfig is enabled and RACH-less field is present for CHO candidate cell CCell#1. In this case, if CHO execution fails, the UE cannot know whether follow the failure behaviour of the RACH-less HO procedure (i.e., attempt RRC re-establishment towards cell CCell#2) or follow the CHO recovery (i.e., apply stored condRRCReconfig towards CCell#2).
Observation 4: in case of combining time-based CHO and RACH-less HO the UE failure behaviour is unclear according to current specifications.
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Figure 3 Recovery ambiguity when RACH-less HO and CHO is combined
In our view and for the sake of minimizing specification changes, the specification of the time-based RACH-less CHO procedure should be further elaborated and define that in case of CHO failure, the UE must release all CHO configurations and follow the RRC Re-establishment procedure.
Proposal 1: In case of failure of a time-based RACH-less CHO procedure, the UE initiates RRC Re-establishment procedure. 
Proposal 2: RAN2 to adopt the TP in Annex A to resolve the time-based RACH-less CHO failure ambiguity.
3	Conclusion
This document has made the following observations and proposals:
Observation 1: Current specifications allow the combination of RACH-less HO and time-based CHO in NR NTN.
Observation 2: If the access to a CHO candidate cell fails, the UE can apply a valid stored condRRCReconfig to a selected cell.
Observation 3: In case of RACH-less HO failure, the UE falls back to RRC Re-establishment procedure. 
Observation 4: in case of combining time-based CHO and RACH-less HO the UE failure behaviour is unclear according to current specifications.
Proposal 1: In case of failure of a time-based RACH-less CHO procedure, the UE initiates RRC Re-establishment procedure. 
Proposal 2: RAN2 to adopt the TP in Annex A to resolve the time-based RACH-less CHO failure ambiguity.
Annex A:	TP for 38.300
*** Start of Changes ***
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In RRC_CONNECTED, the UE performs Radio Link Monitoring (RLM) in the active BWP based on reference signals (SSB/CSI-RS) and signal quality thresholds configured by the network. SSB-based RLM is based on the CD-SSB associated to the initial DL BWP and can be configured for the initial DL BWP, for DL BWPs containing the CD-SSB associated to the initial DL BWP, and, if supported, for DL BWPs not containing the CD-SSB associated to the initial DL BWP. Besides, SSB-based RLM can be also performed based on a non-cell defining SSB, if configured for the active DL BWP. For other DL BWPs, RLM can only be performed based on CSI-RS, if configured for the active DL BWP. In case of DAPS handover, the UE continues the detection of radio link failure at the source cell until the successful completion of the random access procedure to the target cell.
The UE declares Radio Link Failure (RLF) when one of the following criteria are met:
-	Expiry of a radio problem timer started after indication of radio problems from the physical layer (if radio problems are recovered before the timer is expired, the UE stops the timer); or
-	Expiry of a timer started upon triggering a measurement report for a measurement identity for which the timer has been configured while another radio problem timer is running; or
-	Random access procedure failure; or
-	RLC failure; or
-	Detection of consistent uplink LBT failures for operation with shared spectrum channel access as described in 5.6.1; or
-	For IAB-MT, the reception of a BH RLF indication received from its parent node.
After RLF is declared, the UE:
-	stays in RRC_CONNECTED;
-	in case of DAPS handover, for RLF in the source cell:
-	stops any data transmission or reception via the source link and releases the source link, but maintains the source RRC configuration;
-	if handover failure is then declared at the target cell, the UE:
-	selects a suitable cell and then initiates RRC re-establishment;
-	enters RRC_IDLE if a suitable cell was not found within a certain time after handover failure was declared.
-	in case of CHO or RACH-less HO, for RLF in the source cell:
-	selects a suitable cell and if the selected cell is a CHO or RACH-less HO candidate and if network configured the UE to try CHO or RACH-less HO after RLF then the UE attempts CHO or RACH-less execution once, otherwise re-establishment is performed;
-	enters RRC_IDLE if a suitable cell was not found within a certain time after RLF was declared.
-	in case of MCG LTM, for RLF in the source cell:
-	selects a suitable cell and if the selected cell is an LTM candidate cell and if network configured the UE to try LTM after RLF then the UE attempts LTM execution once, otherwise re-establishment is performed;
-	enters RRC_IDLE if a suitable cell was not found within a certain time after RLF was declared.
-	otherwise, for RLF in the serving cell or in case of DAPS handover, for RLF in the target cell before releasing the source cell:
-	selects a suitable cell and then initiates RRC re-establishment;
-	enters RRC_IDLE if a suitable cell was not found within a certain time after RLF was declared.
When RLF occurs at the IAB BH link, the same mechanisms and procedures are applied as for the access link. This includes BH RLF detection and RLF recovery.
The IAB-DU can transmit a BH RLF detection indication to its child nodes in the following cases:
-	The collocated IAB-MT initiates RRC re-establishment;
-	The collocated IAB-MT is dual-connected, detects BH RLF on a BH link, and cannot perform UL re-routing for any traffic. This includes the scenario of an IAB-node operating in EN-DC or NR-DC, which uses only one link for backhauling and has BH RLF on this BH link;
-	The collocated IAB-MT has received a BH RLF detection indication from a parent node, and there is no remaining backhaul link that is unaffected by the BH RLF condition indicated.
Upon reception of the BH RLF detection indication, the child node may perform local rerouting for upstream traffic, if possible, over an available BH link.
If the IAB-DU has transmitted a BH RLF detection indication to a child node due to an RLF condition on the collocated IAB-MT's parent link, and the collocated IAB-MT's subsequent RLF recovery is successful, the IAB-DU may transmit a BH RLF recovery indication to this child node.
If the IAB-DU has transmitted a BH RLF detection indication to a child node due to the reception of a BH RLF detection indication by the collocated IAB-MT, and the collocated IAB-MT receives a BH RLF recovery indication, the IAB-DU may also transmit a BH RLF recovery indication to this child node.
Upon reception of the BH RLF recovery indication, the child node reverts the actions triggered by the reception of the previous BH RLF detection indication.
In case the RRC re-establishment procedure fails, the IAB-node may transmit a BH RLF indication to its child nodes. The BH RLF detection indication, BH RLF recovery indication and BH RLF indication are transmitted as BAP Control PDUs.
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