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1	Introduction
RAN#80 plenary approved a Work Item (WI) titled “NR mobility enhancements” to enhance the basic mobility functions available in NR Release 15[1]. It has been agreed to define conditional handover mechanism to improve mobility robustness. The following 
	Working assumption (to be confirmed next meeting after checking further details)
· At RLF the UE performs cell selection and if the selected cell is a CHO candidate then the UE attempts CHO execution, otherwise re-establishment is performed
· At legacy handover failure (T304 expiry) or failure to access a CHO candidate cell (T304-like expiry), the UE performs cell selection and if the selected cell is a CHO candidate then the UE attempts CHO execution, otherwise re-establishment is performed



In this paper, we take an objective look at the procedures involved in performing CHO execution instead of re-establishment, if cell selection at RLF/ HOF results in selection of a CHO candidate. 
2	Discussion
NR allows operation also at FR2 or high frequencies where the signal quality change and degradation are more adverse than that of FR1 or lower frequency ranges. When the UE moves or rotates, the UE can experience very fast signal degradation. A UE in NR FR2 also experiences a very different channel condition between LoS and non-LoS in NR and the path-loss/ signal strength can be largely different in beams or between LOS and non-LOS. It may result in higher handover failure. It is also possible that signal degrades quickly due to which the UE fails to receive the HO command from the network. Sighting these challenges in handover, a conditional handover mechanism is agreed to be introduced as part of release 16 mobility enhancements with the objective of improving mobility robustness. The reduction of interruption time during handover is handled as part of other solution and not in purview of conditional handover. 
Observation 1: Objective of CHO is to improve mobility robustness and not to improve performance related to interruption time. 
During basic handover, once handover command is provided to the UE, the source gNB sends SN status transfer message followed by data forwarding to the target gNB. This allows the target gNB to continue SN for the packets that need to be transmitted to the UE. In order to avoid duplicate packet transmission during handover, PDCP status reporting on re-establishment can be configured by the network. Once reconfiguration complete message is received from UE at the target gNB, in sequence data transmission based on the SN status transfer received from source gNB is performed. The target gNB initiates path switch procedure with the core network on the completion of which, it sends UE context release to the source gNB. One of the most important facets of handover is to not affect the user service and therefore make mobility between cells a lossless procedure. Handover procedure is made as lossless based on the SN status transfer and data forwarding from source cell to the target cell. 
Observation 2: SN status transfer and data forwarding from source cell to target cell allows handover procedure to be lossless in nature. 
Any radio link failure, handover failure, reconfiguration failure and integrity verification failure currently results in the UE initiating re-establishment procedure. T311 is started and UE performs cell selection. If a suitable cell is selected while T311 is still running, UE sends RRCReestablishmentRequest to the currently camped gNB as indicated in figure below. The gNB then attempts to retrieve the UE context from last serving gNB. On successful re-establishment of RRC connection, gNB can send XN-U ADDRESS INDICATION which includes forwarding address, to the last serving gNB in order to receive SN status. By sending the XN-U ADDRESS INDICATION message, the new gNB informs the last serving gNB of successfully established PDU Session Resource contexts to which user data pending at the last serving gNB node can be forwarded. This allows to prevent loss of user data buffered in the last serving gNB. The gNB then initiates path switch procedure with the core network on the completion of which, it sends UE context release to the last serving gNB. 
Observation 3: Like handover, RRC Re-establishment procedure is also a lossless procedure. 
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Re-establishment procedure (Lossless) in NR
Data forwarding, in-sequence delivery and duplication avoidance at handover can be guaranteed when the target gNB uses the same DRB configuration as the source gNB. During conditional handover, the target gNB has the UE context including DRB configuration prior to UE access the cell, whereas during re-establishment, this context is retrieved from the last serving gNB after the UE access the new gNB. Data forwarding, in-sequence delivery and duplication avoidance are possible in case of re-establishment as well. For a clean transition from one gNB to another, there are 4 major requirements and procedures that are involved – UE context availability at target gNB, Data forwarding from source to target gNB, Path Switch and UE context release at old gNB. Below table illustrates and compares the presence of these procedures during conditional handover and re-establishment. It can be observed that all the requisite procedures in CHO are also performed during a re-establishment. 
	Procedure
	Conditional Handover
	Re-establishment

	UE context availability
	Before UE accessing target cell
	After re-establishment request is received from UE

	Data forwarding 
	Left to network implementation i.e. early or late data forwarding
	After UE context is retrieved and RRC re-establishment is successful

	Path switch
	After successful handover
	After successful re-establishment

	UE context release at source/ old cell
	After successful path switch
	After successful path switch



Observation 4: All the requisite procedures of a conditional handover execution (i.e. UE context availability, data forwarding, path switch and UE context release) are supported in RRC re-establishment procedure.
As per current RRC speciation [3], among other procedures, the following procedures are also performed on initiating re-establishment procedure due to RLF, HOF, integrity verification failure or reconfiguration failure. 
· suspend all RBs, except SRB0
· reset MAC
· release the MCG SCell(s), if configured
· release spCellConfig, if configured
· perform MR-DC release, if MR-DC is configured
· perform cell selection in accordance with the cell selection process as specified in TS 38.304
However, during a conditional handover, the RBs are resumed on the target cell, the SCells for the cell group for which CHO is being executed are only deactivated and not released, spCellConfig for the target cell is applied and DC configuration is maintained. While performing radio link failure recovery currently, re-establishment message is sent to the gNB after successfully selecting a suitable cell and all the above listed procedures are performed prior to performing cell selection. However, based on the existing working assumption, the UE sends RRCReconfigurationComplete message instead of RRCReestablsihmentRequest message, if the selected cell is a configured CHO candidate. During re-establishment procedure, after successfully retrieving context from last serving gNB, the current serving gNB sends RRCReestablishment message to the UE containing the UE configuration to be applied. On the other hand, during CHO, the configuration is already available at the UE and hence there is no new configuration immediately required from the serving gNB. Since there is a difference in handling of UE configuration, the current specification where the configurations (as listed above) are released when re-establishment procedure is initiated, cannot be applied to a UE attempting CHO for RLF recovery. 
Observation 5: The working assumption has a significant impact to specification.
The selected cell may be one of the following:
· Case 1: CHO candidate where SN status from source is available before UE sends RREReconfigruationComplete message
· Case 2: CHO candidate where SN status from source is not available before UE sends RREReconfigruationComplete message
· Case 3: Cell that is not a CHO candidate
Based on the working assumption, a UE would perform a CHO execution in case 1 and case 2, whereas re-establishment is performed for case 3. In case 1, once the UE sends RRC reconfiguration complete message to the new gNB, data activity is resumed in increasing order of the SN indicated in SN status received from the cell on which UE encountered failure. In case 3, a UE sends re-establishment request to the new gNB which results in the gNB retrieving UE context from the last serving gNB. The gNB later requests for SN status from last serving gNB after successful re-establishment of the connection. Following this, data activity is resumed in increasing order of the SN indicated in SN status received. For case 2, although the UE context is already available, SN status and data forwarding from source gNB is not available. There is no signalling currently defined for the new gNB to request SN status and data forwarding from the last serving gNB. The easiest approach would be to adopt the signalling used in re-establishment procedure where the new serving gNB sends XN-U ADDRESS INDICATION which includes forwarding address, to the last serving gNB in order to receive SN status. Therefore, can be observed that the UE context availability in case 2 is similar to that of CHO execution (case 1) whereas the ability to maintain a lossless transaction is at best similar to that of re-establishment (case 3). 
If the cell selected during RLF or HOF recovery is a CHO candidate and the UE sends RRCReconfigurationComplete message to new serving gNB, if SN status is already available at the gNB, then service is resumed immediately and the interruption to data activity is lesser than the case of re-establishment. However, SN status from source cell may be available only at one or a small subset of all the CHO candidates configured to the UE and hence case 2 above is a very likely scenario. As such, these failures (RLF/ HOF) in the presence of configure CHO candidates are not common and are prone to happen primarily due to suboptimal configuration of CHO triggering condition w.r.t the channel conditions. This working assumption is only an optimization specifically in scenarios where the UE selects a cell to which source gNB has initiated data forwarding and SN status transfer prior to UE encountering RLF/ HOF. As detailed earlier, it can be seen that all of the procedures involved in successful conditional handover execution are also performed during RRC re-establishment procedure, albeit in a different sequence. Re-establishment procedure is capable of retrieving the UE context and also maintaining a lossless nature of communication. Therefore, there is no performance improvement gained by performing conditional handover instead of re-establishment if the cell selected during RLF/ HOF recovery is a configured CHO candidate. 
Observation 6: The working assumption does not provide any clear performance benefit and is an unnecessary optimization. The optimization has benefit only to limited use cases. 
Proposal 1: At RLF or handover failure, the UE performs re-establishment even if the selected cell is a CHO candidate.
3	Conclusion
The contribution discussed the impact of the working assumption based on which, at RLF or legacy handover failure, a UE would CHO execution if the selected cell is a CHO candidate, and perform re-establishment otherwise. The two procedures are compared and their performance gain is evaluated, and the following observations and proposal are made.
Observation 1: Objective of CHO is to improve mobility robustness and not to improve performance related to interruption time. 
Observation 2: SN status transfer and data forwarding from source cell to target cell allows handover procedure to be lossless in nature. 
Observation 3: Like handover, RRC Re-establishment procedure is also a lossless procedure. 
Observation 4: All the requisite procedures of a conditional handover execution (i.e. UE context availability, data forwarding, path switch and UE context release) are supported in RRC re-establishment procedure.
Observation 5: The working assumption has a significant impact to specification.
Observation 6: The working assumption does not provide any clear performance benefit and is an unnecessary optimization. The optimization has benefit only to limited use cases. 
Proposal 1: At RLF or handover failure, the UE performs re-establishment even if the selected cell is a CHO candidate.
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