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1. Introduction 
Below is one of the objectives of the New WI “NR mobility enhancements” [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 
RAN2 should avoid increasing signalling overhead. 
Note: LTE mobility enhancements should be used for baseline for fast handover failure recovery, Make-before-break and RACH-less handover. 
In this document, we discuss the design proposals to support NR RACH-Less HO, considering LTE RACH-Less HO as baseline, and, also discuss the failure handling for NR RACH-Less HO. 
2. Discussion
RACH procedure is used during traditional HO to obtain the Timing Advance (TA) value and the UL grant for the target cell. In LTE Rel.14, RACH-Less HO was introduced to eliminate the RACH related latencies during HO and thus reduce the mobility Interruption time. As RACH-Less HO eliminates the RACH procedures, the UE needs to obtain the target cell TA, UL grant information through other means. 
In LTE, for simplicity, RACH-less HO was restricted to the case where the target cell TA is the same as the source cell TA or the targetTA is zero. This eliminates the need to obtain TA for the target cell during RACH-Less HO.  To keep things simple for the initial phase of the NR Rel.16 Mobility WI, we should consider supporting NR RACH-Less HO for these simpler scenarios as well like LTE. 
[bookmark: _Ref536803022]Observation 1. In Rel.14 LTE, RACH-less HO can be applied only if the target and source cells have the same TA or target TA is zero.
[bookmark: _Ref536803025]Proposal 1. Support NR RACH-less HO at least for the cases where the source cell and target cell have the same TA or target TA is zero, like LTE RACH-Less HO.
LTE RACH-Less HO supports the below options for obtaining UL grant to transmit the RRC Reconfiguration complete on the target cell, when RACH is not performed during RACH-Less HO:
· UE is provided with preconfigured UL grant information optionally in the RRC Reconfiguration message sent to configure RACH-Less HO; or
· UE monitors the target gNB PDCCH to obtain the UL grant, when preconfigured UL grant information is not provided.
We think that these two options are introduced as baseline options for receiving UL grant in NR as well, as it provides flexibility on the UL resource configuration. 
[bookmark: _Ref536803026]Proposal 2. The following LTE RACH-less HO design can be reused as baseline of NR RACH-less HO:
· The preallocated UL grant configuration can be optionally sent in the RRC Reconfiguration message 
· The preallocated UL grant configuration includes scheduling offset / interval and number of configured HARQ processes
· The preallocated UL grant resource is released when T304 expires or upon successful RACH-less HO completion. 
· UE monitor the PDCCH of target gNB for UL grant when preallocated UL grant is not configured during RACH-Less HO
In NR, SSBs are sent over multiple beams and UE performs beam selection to select a suitable beam for RACH Transmission. The configuration information for the PRACH resources associated with the different SSB beams is provided in the HO command sent to the UE, and, the UE performs RACH using those PRACH resources. 
Similar to the NR PRACH configuration for multiple beams during HO, the preconfigured UL grant optionally sent during NR RACH-Less HO has to include the UL resource configuration information for multiple beams. That is, the target cell includes the multiple candidate beams info (in form of TCI list) in RRCReconfiguration message to indicate the association between the preconfigured grant and SSB/CSI-RS resources. UE selects a suitable beam among the included multiple candidate beams to send the first PUSCH on the target cell. The multiple candidate beams to consider for UL transmission after HO can be selected by the target cell based on the beam measurement information sent by the UE. UE sends this beam measurement information in the measurement report as requested by the source cell, and, source cell forwards this information to the target cell to allow the target cell to choose the multiple candidate beams for RACH-Less HO.
[bookmark: _Ref536803027]Proposal 3. Multiple candidate beams info of target cell can be provided in the HO message to allow the UE to select a beam to transmit PUSCH in target cell.
In LTE, RACH-Less HO is considered as failed only when the T304 timer, i.e. the traditional HO timer, expires, and, UE performs RRC Reestablishment procedure on T304 expiry. T304 timer may be configured to a large value and waiting till this timer expires and then performing RRC Reestablishment, would result in longer mobility interruption time. Thus, we think  it is necessary to optimize the LTE RACH-Less HO failure handling in NR to improve the mobility robustness and also minimize the mobility interruption time during NR RACH-Less HO.  
[bookmark: _Ref536803023]Observation 2. LTE RACH-Less HO failure handling can result in longer mobility interruption time and enhancements can be discussed for NR RACH-Less HO failure handling.
To minimize the mobility interruption when NR RACH-Less HO fails, we propose to introduce a new RACH-Less HO timer configured to run on the UE. This timer should be set a value smaller than the T304 timer, and, the UE fallback to CBRA on the target cell on the RACH-Less HO timer expiry. UE obtains the targetcell TA, UL grant through CBRA operation and thus succeed with HO to the target cell. This reduces the occurrence of T304 expiry due to RACH-Less HO failure and thus eliminates RRC Reestablishment on every RACH-Less HO failure. 
[bookmark: _Ref536803028]Proposal 4. Configure the UE with a new timer for NR RACH-Less HO failure handling. 
[bookmark: _Ref536803029]Proposal 5. When the NR RACH-Less HO timer expires, UE considers the NR RACH-Less HO as failed and fallback to perform CBRA in the target cell. 
As discussed in the previous observations, LTE RACH-Less HO was restricted to the case where the target cell TA is the same as the source cell TA or the targetTA is zero. That is, it is restricted to the case where the target cell and source cell are collocated or for the case where the target cell is a small cell. This limits the possibility of using RACH-Less HO for the Inter-gNB HO scenarios. RAN2 should discuss whether to support RACH-Less HO in additional HO scenarios and consider sending an LS to RAN1/RAN4 to request the feasibility of TA calculation by the UE in Inter-gNB HO scenarios.
[bookmark: _Ref536803024]Observation 3. For the scenarios where the target TA is not the same as source TA or targetTA is not zero, RAN1/RAN4 input is required to understand whether the target TA can be calculated by the UE or the target gNB to support RACH-Less HO. 

[bookmark: _Ref536803030]Proposal 6. RAN2 should discuss whether RACH-Less HO support should be extended to HO scenarios, where the target TA is not the same as source TA or targetTA is not zero.
3. Conclusion
[bookmark: _Hlk512894710]Based on the above discussions, we recommend RAN2 discusses the following observations and proposals:
Observation 1. In Rel.14 LTE, RACH-less HO can be applied only if the target and source cells have the same TA or target TA is zero.
Observation 2. LTE RACH-Less HO failure handling can result in longer mobility interruption time and enhancements can be discussed for NR RACH-Less HO failure handling. .
Observation 3. For the scenarios where the target TA is not the same as source TA or targetTA is not zero, RAN1/RAN4 input is required to understand whether the target TA can be calculated by the UE or the target gNB to support RACH-Less HO.
Proposal 1. Support NR RACH-less HO atleast for the cases where the source cell and target cell have the same TA or target TA is zero, like LTE RACH-Less HO.
Proposal 2. The following LTE RACH-less HO design can be reused as baseline of NR RACH-less HO:
· The preallocated UL grant configuration can be optionally sent in the RRC Reconfiguration message 
· The preallocated UL grant configuration includes scheduling offset / interval and number of configured HARQ processes
· The preallocated UL grant resource is released when T304 expires or upon successful RACH-less HO completion. 
· UE monitor the PDCCH of target gNB for UL grant when preallocated UL grant is not configured during RACH-Less HO
Proposal 3. Multiple candidate beams info of target cell can be provided in the HO message to allow the UE to select a beam to transmit PUSCH in target cell.
Proposal 4. Configure the UE with a new timer for NR RACH-Less HO failure handling.
Proposal 5. When the NR RACH-Less HO timer expires, UE considers the NR RACH-Less HO as failed and fallback to perform CBRA in the target cell.
Proposal 6. RAN2 should discuss whether RACH-Less HO support should be extended to HO scenarios, where the target TA is not the same as source TA or targetTA is not zero. 
4. References
[1] RP-181433   New WID: NR mobility enhancements

3GPP
