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1. Introduction

To achieve seamless handover UE experience with 0ms interruption in NR, RACH-less handover is one of the solutions to be studied [1]:
	· To study solution(s) to reduce interruption time during HO/SCG change focusing on the following identified solutions but not limited. 

· Handover/SCG change with simultaneous connectivity with source cell and target cell. 
· Make-before-break 

· RACH-less handover 


This document takes RACH-less handover mechanism in LTE as baseline and proposes necessary modifications due to beamforming characteristics of NR.
2. Discussion

Figure 1 shows an illustration of RACH-less handover mechanism in LTE [2]. 
First of all, the UE sends a measurement report to the source cell. The source cell decides to perform handover based on the measurement results, and then issues a handover request message to the target cell, which is also passing the measurement results and necessary information to prepare the handover. Upon the target cell receives the handover request, the target cell makes an admission control, prepares handover with L1/L2, and sends a handover request acknowledge to the source cell. The handover request acknowledge may further include a pre-allocated UL grant. When the source cell receives the handover request acknowledge, the source cell generates a RRC reconfiguration message includes mobility control information (i.e. handover command) to ask the UE performs handover.  Once the UE receives the handover command, the UE may calculates the pre-allocated UL grant (which is a periodic UL resource), if provided in the handover command. Otherwise, the UE monitors PDCCH of the target cell to acquire an UL grant. Then, the UE sends the cell a RRC reconfiguration complete message (i.e. handover complete message) via the UL grant to confirm the handover. Until the target cell verifies the C-RNTI sent in the handover complete message, and the UE receives the UE contention resolution identity MAC control element in the target cell, the RACH-less handover procedure is completed.
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Figure 1: RACH-less handover mechanism in LTE [2]
Whether the UE should perform RACH-less handover is based on a RRC parameter, RACH-Skip [3], which may be included in RRC connection reconfiguration with mobility control information. RACH-Skip indicates a TA value of the target cell and optionally indicates a pre-allocated UL grant.  The pre-allocated UL grant is a periodic UL resource, which indicates the number of configured HARQ process, scheduling interval, the subframe in which the UE may initiate the UL transmission, and the resource of the target cell.
RACH-Skip-r14 ::=




SEQUENCE {


targetTA-r14




CHOICE {



ta0-r14






NULL,



mcg-PTAG-r14





NULL,



scg-PTAG-r14





NULL,



mcg-STAG-r14




STAG-Id-r11,



scg-STAG-r14




STAG-Id-r11


},


ul-ConfigInfo-r14



SEQUENCE {



numberOfConfUL-Processes-r14


INTEGER (1..8),



ul-SchedInterval-r14


ENUMERATED {sf2, sf5, sf10},



ul-StartSubframe-r14


INTEGER (0..9),



ul-Grant-r14




BIT STRING (SIZE (16))


}















OPTIONAL
-- Need OR

}

The current handover procedure in NR is inherited from the handover mechanism in LTE, i.e., the steps are generally the same, hence the RACH-less handover mechanism in LTE is reasonable to be considered as baseline for NR.

Proposal 1: RACH-less handover mechanism in LTE is considered as baseline for NR:
· RACH-less handover parameters are configured by RRCReconfiguration with reconfigurationWithSync.
· The parameters include TA value and (optionally) pre-allocated UL grant for target cell.
· If the UE is configured with pre-allocated UL grant, RRCReconfigurationComplete is transmitted via the pre-allocated UL grant.
· If the UE is not configured with pre-allocated UL grant, the UE receives uplink grant via PDCCH of the target cell to transmit RRCReconfigurationComplete.
· Handover is completed when the UE receives the UE contention resolution identity MAC control element in the target cell.
Currently, the UE would transmit a measurement report including SSB/CSI-RS related measurement results of the target cell to the source cell. And the source cell would forward the measurement results to the target cell via HandoverPreparationInformation. Hence, the target cell could understand which SSB/CSI-RS(s) of the target cell is qualified for the UE (at the timing of generating measurement results to be included in the measurement report). For resource efficiency, if the target cell decides to configure a pre-allocated UL grant to the UE, the pre-allocated UL grant could be associated with one or multiple SSB/CSI-RS(s) reported in the measurement report. Reserving the pre-allocated UL grant for the UE within the whole target cell would consume too much radio resources.
Proposal 2: The pre-allocated UL grant is associated with certain SSB/CSI-RS(s) of the target cell.
In NR, RSRP of SSB/CSI-RS in the target cell could change between the timing of generating a measurement result to be included in the measurement report and the timing of connecting to the target cell. In a random access procedure for handover, selection of SSB/CSI-RS (based on RSRP) to decide PRACH resource to ensure successful preamble transmission is required. Similarly, selection of SSB/CSI-RS  to decide the associated pre-allocated UL grant is also necessary to ensure successful transmission of RRCReconfigurationComplete.
Proposal 3: The UE selects a qualified SSB/CSI-RS among the certain SSB/CSI-RS(s) associated with the pre-allocated UL grant and uses the pre-allocated UL grant to transmit RRCReconfigurationComplete.
3.
Conclusion

For RACH-less handover mechanism at mobility enhancement, we have the following observations and proposals.
Proposal 1: RACH-less handover mechanism in LTE is considered as baseline for NR:
· RACH-less handover parameters are configured by RRCReconfiguration with reconfigurationWithSync.
· The parameters include TA value and (optionally) pre-allocated UL grant for target cell.
· If the UE is configured with pre-allocated UL grant, RRCReconfigurationComplete is transmitted via the pre-allocated UL grant.

· If the UE is not configured with pre-allocated UL grant, the UE receives uplink grant via PDCCH of the target cell to transmit RRCReconfigurationComplete.

· Handover is completed when the UE receives the UE contention resolution identity MAC control element in the target cell.
Proposal 2: The pre-allocated UL grant is associated with certain SSB/CSI-RS(s) of the target cell.
Proposal 3: The UE selects a qualified SSB/CSI-RS among the certain SSB/CSI-RS(s) associated with the pre-allocated UL grant and uses the pre-allocated UL grant to transmit RRCReconfigurationComplete.
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