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In RAN2#106 meeting, we made some further progress about conditional handover (CHO) procedures for handover robustness improvement in LTE and NR. Agreements that are applicable to NR can be summarized as follows.
	Agreements
1	Separate CHO execution condition(s) can be configured for each individual candidate cells.
2	Define a CHO execution condition by the measurement identity which identifies a measurement configuration. (FFS to be addressed in stage 3 which parts of the measurement configuration are used for the CHO triggering).
3	As a baseline CHO can be triggered based on a condition consisting of a single event, singe quantity.
3.1	The single trigger quantity can be configured to be RSRP, RSRQ or RS-SINR.
3.2	The single RS type can be configured to be SSB or CSI-RS
FFS Whether multiple triggering conditions are required.
4	Deconfiguration of CHO candidates is performed by RRC signalling (we will not introduce timer based mechanism for the UE to deconfiguration of the CHO candidates).
5	Baseline that configuration of all CHO candidates are released after successful (any) handover completion (sending complete message to the target cell).
FFS if it might be possible to keep CHO candidates after the HO.
6	UE shall not stop T310 and shall not start T304 when it receives configuration of a CHO candidate 
7	The timer T310 is stopped and timer T304-like is started when the UE begins execution of a conditional handover for a target cell. (Stage 3 detail whether we reuse T304 or define a new timer)
Working assumption:
8	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.
9	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 contribution, we further discuss the RAN2 details of the NR CHO procedures, with focus on NR-specific issues. The discussions about LTE/NR common issues can be found in our accompanying paper [1].
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CHO execution considering individual beam measurements
Individual beam quality may be considered as a part of CHO execution conditions. For example, the trigger of CHO execution may require target cell to have two beams above a predefined threshold. However, beam-level information is already included in the cell quality, and we didn’t define any NR measurement events based on individual beam quality. Therefore, we suggest not including individual beam quality in CHO execution conditions. 
Proposal 1:	Individual beam quality is not considered in CHO execution conditions.
On the other hand, when UE observes multiple CHO candidates which meet pre-defined handover execution conditions, individual beam measurements can be considered for target selection. For example, the handover execution target may be selected as the cell with (a) highest cell quality (average of beams with RSRP above threshold), (b) highest best beam (beam with highest RSRP in a cell), or (c) most good beams (beams with RSRP above threshold). Since the considered cells all meet the pre-defined conditions, we suggest that the target selection method be left for UE implementation. That is, the rule for target selection when multiple cells meet CHO execution conditions is not defined in the specifications. In this way, the UE is allowed to choose a more preferred target cell.
Proposal 2:	When UE observes multiple CHO candidates meeting pre-defined handover execution conditions, individual beam measurements can be considered for target selection. The selection rule is left for UE implementation.
Random access towards a cell with multiple beams
As in normal handover, PRACH resources may be reserved on target cell so as to allow UE to perform contention-free random access (CFRA). If CFRA fails, the UE can fall back to contention-based random access (CBRA). CFRA is supported in conditional handover, but in a beam-formed system, the best beam upon handover execution is likely to be different from that at the time of CHO candidate configuration. To allow CFRA on an unpredictable beam, a candidate cell may need to reserve RACH resources on all beams, or at least a set of beams. This brings some negative impacts, including waste of RACH resources (eventually only one beam is accessed) and signalling overhead for configuration (the network may need to indicate the RACH resource on each beam).
Observation 1:	The best beam for RA toward a selected candidate cell upon CHO execution may be different from the one when CHO candidate was configured.
Now we discuss the details about how CFRA resources are configured in multi-beam operation. The RACH-ConfigDedicated included in reconfigurationWithSync configures CFRA resources per beam. 
· If we reuse the RRC signalling structure, CFRA can be configured for a subset of beams.
· Even if we allow only all-or-none CFRA configuration, when network decides since the preambles configured on different beams may be different, CFRA still needs to be configured per-beam. That is, the configuration contains a list from beam #0 to beam #(N-1).
Therefore, we suggest reusing RACH-ConfigDedicated in CHO command (e.g., reconfigurationWithSyncCHO), providing full flexibility for configuration. That is, the CFRA resource may be configured on none of the beams, a subset of beams, or all beams.
Proposal 3:	The signalling structure of RACH-ConfigDedicated is reused in CHO command. This means that CFRA resource may be configured on none of the beams, a subset of beams, or all beams.
One major concern of configuring CFRA resources on a subset of beams is that the source gNB may need to continuously inform the candidate gNBs of beam measurements reported by UE, bringing significant overheads. We do not think this is necessary. For example, the source gNB may inform candidate gNB of the best beam measured by UE upon CHO configuration, and the candidate gNB may configure CFRA resources on the best beam and several neighbouring beams. Then upon CHO execution, if any beam with CFRA resource is accessible, the UE performs CFRA, otherwise the UE performs CBRA. An example is illustrated in Figure 1: 
· The target cell is configured as CHO candidate at t2, when SSB#1 is the best beam. The target cell is informed of the best beam, and decides to configure CFRA resources on SSB#0, #1, and #2.
· CHO execution takes place at t3, when SSB#2 is the best beam. Since CFRA resource has been allocated on SSB#2, UE performs CFRA on SSB#2 for CHO.


Figure 1. Configuring CFRA resources 
[bookmark: _GoBack]From the above example, we observe that allowing dedicated PRACH resources for CFRA to be configured on a subset of beams does not imply that the source gNB needs to continuously inform the candidate gNBs of UE beam measurements, though the feasibility of such information exchange can be further studied by RAN3.
Observation 2:	Allowing dedicated PRACH resources configured on a subset of beams does not imply that the source gNB needs to continuously inform the candidate gNBs of UE beam measurements. 
Proposal 4:	The feasibility of information exchange about beam measurements between serving and candidate cells can be further studied by RAN3.
Conclusion
We have the following observations:
Observation 1:	The best beam for RA toward a selected candidate cell upon CHO execution may be different from the one when CHO candidate was configured.
Observation 2:	Allowing dedicated PRACH resources configured on a subset of beams does not imply that the source gNB needs to continuously inform the candidate gNBs of UE beam measurements. 
It is proposed to discuss and decide on the following proposals:
Proposal 1:	Individual beam quality is not considered in CHO execution conditions.
Proposal 2:	When UE observes multiple CHO candidates meeting pre-defined handover execution conditions, individual beam measurements can be considered for target selection. The selection rule is left for UE implementation.
Proposal 3:	The signalling structure of RACH-ConfigDedicated is reused in CHO command. This means that CFRA resource may be configured on none of the beams, a subset of beams, or all beams.
Proposal 4:	The feasibility of information exchange about beam measurements between serving and candidate cells can be further studied by RAN3.
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