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1 Introduction
During RAN1#96bis meeting, RAN1 discussed feasibility of simultaneous transmission and reception on the various deployment scenarios taking into account NR features such as BWP, multiple SCS, multiple waveforms in UL, and operation in FR2, and sent a reply LS to RAN2 [1]. 
This document discusses physical layer impacts and procedures for RACH-less handover (HO) and conditional handover, taking into account multi-beam based system operation. This document is a re-submission of R1-1904937.  
2 RACH-less handover
In multi-beam based cell operation (i.e. a SS/PBCH blocks (SSB) burst consisting of multiple SSBs being transmitted in a cell), it is likely that a UE is provided with more than one dedicated PRACH resources in a handover command. For RACH-less HO, similarly, since gNB may not have up-to-date information regarding channel conditions of different beams for the UE, gNB may have to reserve multiple PUSCH resources and optionally transmit multiple PDCCHs in multiple CORESETs to indicate the multiple reserved uplink resources. Compared to reserving PRACH resources (e.g. PRACH preambles), multiple PUSCH resource reservation may make more significant impact on efficiency of radio resource utilization. Thus, a trade-off between HO delay reduction and resource utilization efficiency should be considered. 
Observation 1: With multi-beam operation, RACH-less HO may require reservation of multiple PUSCH resources, which may lead inefficiency in radio resource utilization.

If gNB configures some of candidate beams with the RACH skip mechanism and others with contention-free RACH resources, a balance between an overhead of the RACH skip mechanism involved with multiple PDCCH transmissions and/or multiple PUSCH resource reservations and the handover delay due to the RACH procedure can be achieved. That is, UE is indicated in a handover command message to conditionally skip a random access procedure in a target cell during handover, depending on UE’s selection of a DL beam (i.e. SS/PBCH block or CSI-RS resource).
For example, a source gNB can implicitly indicate the UE to skip RACH by not including a dedicated RACH preamble index for an indicated SS/PBCH block or CSI-RS resource. Further, for the indicated SS/PBCH block or CSI-RS resource, gNB can include indication of a corresponding configured UL grant and/or a corresponding PDCCH search space/CORESET and/or indication that which UL timing advance (TA) value (among TA value of zero and other TA values that the UE is maintaining) the UE has to employ for the first UL transmission when selecting the indicated SS/PBCH block or CSI-RS resource. 
Proposal 1: Support conditional RACH-less HO in multi-beam based operation. Depending on UE’s beam selection, UE performs skipping of RACH procedure, contention-free RACH, or contention-based RACH to a target cell.    

The UE may maintain one or more UL TA values which correspond to a TA value for PCell of a master cell group (MCG), a TA value for a subset of SCells of the MCG, a TA value for PSCell of a secondary cell group (SCG), and a TA value for a subset of SCells of the SCG, etc. In this case, gNB may indicate a different TA value for PUSCH associated with different indicated SS/PBCH block or CSI-RS resource (reference RS for PUSCH spatial relation), depending on gNB’s transmission locations for the indicated SS/PBCH block or CSI-RS resource. In the example of Figure 1, a UE is connected to cell 1 (as PCell of MCG) and cell 2 (SCell of MCG) and moves towards cell 3, wherein two transmission points in the cell 3 transmit SSB1 and SSB2, respectively. The handover command configuring cell 3 as a target cell can include indication of SSB1 with a TA value for cell 1 (‘mcg-PTAG’) and SSB2 with a TA value for cell 2 (‘mcg-STAG’ with ‘STAG-Id’). 

Proposal 2: Support to indicate a different TA reference for a different SS/PBCH block or CSI-RS resource in RACH-less HO.
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Figure 1 Illustration of a moving UE from cell 1 and cell 2 to cell 3
3  Conditional handover
As is well known, handover can fail, if a UE does not receive a handover message from a source base station on time, due to rapidly changing radio conditions. In order to alleviate such a problem, sending a conditional handover message to the UE, wherein the source base station commands the UE to handover to an identified target base station conditioned upon certain requirement being fulfilled, is currently under discussion in RAN2. 
With multi-beam based cell operation, beam failure in the source cell can be one of handover condition. For example, the UE may execute the handover when the beam failure in the source cell takes place and the UE tried unsuccessfully to recover the beam from the candidate set of beam(s) in the source cell for a certain number of time/ for a certain period.
The beams at the serving cell are either an original serving beam, candidate beams or the remaining set of beams. For some cases, the serving and candidate beams may belong to a current active bandwidth part whereas the remaining set of beams could potentially be associated with an initial active bandwidth part. The UE needs time to tune to a different bandwidth part (i.e. the initial active bandwidth part) and furthermore depending on the periodicity of SS/PBCH block transmission the measurement opportunities for the UE to assess the strength of the remaining beam set may be limited and could lead to additional delays. If CSI-RS or SS/PBCH block based RRM measurements of a target cell is configured in the current active DL bandwidth part and if a contention-free RACH resource or a PUSCH resource with RACH skipping for the target cell is configured for the UE, the UE can quickly move to the target cell with less or no interruption. In view of this, gNB may prefer to bias the UE towards a handover as opposed to attempting a beam failure recovery (BFR) in the current serving cell. In this case, the network can include a handover condition that triggers a UE to terminate the BFR procedure early and proceed with the execution of the handover command. Another handover condition that can be considered is for the UE to terminate the BFR in the source cell after failing to measure the reference signals of serving beams and the candidates beam to be above a certain threshold and then perform handover to the target cell. 
Proposal 3: Beam failure detection, BFR triggering, and unsuccessful BFR in the source cell can be configured as one of handover conditions for conditional handover.
4 Conclusion
In summary, we observe and propose the followings for NR mobility enhancements:

Observation 1: With multi-beam operation, RACH-less HO may require reservation of multiple PUSCH resources, which may lead inefficiency in radio resource utilization.
Proposal 1: Support conditional RACH-less HO in multi-beam based operation. Depending on UE’s beam selection, UE performs skipping of RACH procedure, contention-free RACH, or contention-based RACH to a target cell.    

Proposal 2: Support to indicate a different TA reference for a different SS/PBCH block or CSI-RS resource in RACH-less HO.

Proposal 3: Beam failure detection, BFR triggering, and unsuccessful BFR in the source cell can be configured as one of handover conditions for conditional handover.
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