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Discussion and Decision
1 Introduction
In R15, due to time limitation mobility enhancement standardization work was postponed to R16. In R16 NR Mobility Enhancement WI [1] approved by RAN plenary, it is proposed to study/develop solution(s) to reduce interruption time during handover as following:
The following objective are considered in this WI:

· 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 
Note: LTE mobility enhancements should be used for baseline for fast handover failure recovery, Make-before-break and RACH-less handover.
In LTE, RACH-less is specified for interruption time reduction, i.e. skip RACH procedure during handover procedure in certain scenarios. In this paper, we would discuss RACH-less handover in NR.
2 Discussion
2.1 Background and motivations
Mobility enhancement includes service interruption time reduction, improving mobility reliability and service latency reduction.  High mobility reliability and low service latency are essential for UEs which have high performance requirement, e.g. V2X, URLLC, etc. In R14 eMob WI, besides make-before-break, RACH-less is one of the specified solutions. It is also listed in R16 WI for helping service interruption time reduction. In fact, RACH less for HO is a generic solution to reduce the overall latency for completing the HO procedure. If RACH-less is configured by the network during handover procedure, the UE performs synchronisation and access to target gNB without RACH.  
However, in LTE there are limitations for RACH-less handover, i.e. it can only be used when the Timing Advance (TA) value of the target cell is zero or equals to the TA value of the source cell. In most scenarios the conditions cannot be fulfilled since only the target cell with very small coverage or the target cell collocated with the source cell can meet the condition. Therefore, the use case of RACH-less is restricted and only the corner cases are supported in LTE. 
In NR Rel-15, the RACH based baseline access procedure is performed as in LTE for initial access from idle mode, RRC connection re-establishment, handover, DL/UL data arrival during RRC_CONNECTED required random access and etc. RACH procedure is beneficial for uplink resources allocation and uplink synchronization, more specifically the RACH based random access process is used by the network and the UE to determine the Timing Advance and initial power for the UL data transmission. For normal handover case, when the UE is moving out of the coverage of the source cell, the UE would perform synchronisation to target gNB and access the target cell via RACH procedure after receiving the handover command. 
In NR, multi-beam operation is involved in mobility including the beam level mobility and cell level mobility. Beam level mobility deals with beam switching at lower layers by means of physical layer and MAC layer control signalling. In cell level mobility, cross cell handover is eventually realized through the switch of beams of different cells. During RACH procedure for HO, the UE selects one suitable beam whose quality is higher than the configured threshold and determine the available PRACH occasion based on the selected beam for random access preamble transmission, and then the UE would receive RAR via the selected beam. 
In NR, the carrier frequency can be much higher than LTE and the coverage of a node or a cell can be much smaller which means more often to HO across radio coverage borders for a moving UE. In addition, the radio condition degradation at cell border can be much sharper. In order to ensure the reliability of the NR HO, it is desirable to achieve the beam level mobility handling across the cell borders as close to intra-cell beam handling as possible. In this case, the latency reduction by RACH-less when a UE moves across the cell borders becomes critical. By RACH less 4.5-8.5ms of latency is saved which can be precious for URLLC applications. Different from LTE, in NR RACH less HO should be conducted at the beam level. It is desirable to allow RACH less HO working in more common mobility scenarios.
2.2 Discussion on Feasibility of RACH less HO
The first question is in which scenarios RACH-less handover can be conducted, i.e. whether RACH-less handover can only be used when the TA value of the target cell equals to zero or the TA value of the source cell, RACH-less handover can be used in more common mobility scenarios. The key point for this question is how the UE can get the TA information without RACH. In LTE, a solution for TA acquisition have been provided in TR36.881 [2], in which the UE estimates the TA to the target cell based on the measuring the timing offset between the received reference signals from the source cell and the target cell. However, the accuracy of the target cell TA obtained by this solution is not approved by RAN4. For DL synchronization purpose, the network may already configure certain gNBs/nodes to transmit its reference signals with a timing offset from the system time. The local reference time of a node can also be derived from tracking the reference signals received from the neighbouring cell. Therefore, the timing offset between the reference signals form the source cell and the target cell may not reflect the propagation delay difference between the source node to the UE and the target node to the UE. It is very difficult for a UE to estimate the TA to the target. Only the network knows the system configurations at different coverage areas. Lack of TA estimation solution limits the scenario for using RACH-less handover in LTE.
RAN4 #90bis meeting has discussed RACH-less handover, and has sent an LS [3] to RAN2 which includes:  

•
RACH-less handover for NR with zero or equal TA on FR1 is feasible for intra and inter frequency in synchronous and asynchronous scenarios. 

-
FFS if RACH-less handover in FR2 is feasible

-
FFS if RACH-less handover with different TA is feasible.
In NR, especially in FR2, we should further check with RAN1/RAN4 about whether RACH-less handover is feasible, if feasible, whether TA can be estimated accurate enough and RACH-less can be applied for common mobility scenarios, and/ or whether RACH-less is only applied for the case when the TA value of the target cell equals to zero or the TA value of the source cell. 
In RACH-less handover, after receiving the handover command, the UE directly transmits the RRC Reconfiguration Complete message to the target gNB without RACH. Currently, the initial value of PUSCH transmission power is determined by PRACH preamble power and total power ramp. Since there is no RACH procedure in RACH-less handover, the issue about initial PUSCH transmission power control needs to be resolved. We can find that RAN2 didn’t specify the solution specifically for RACH less HO in LTE. For NR RACH-less HO, the open loop power control mechanism may be used to determine the initial data transmission power (Ptx_init) based on the measurement of downlink (DL) reference signals of the HO target beam and per cell/beam based configurations. Or the target gNB can configure an adjustment on the initial uplink PUSCH transmission power to the UE in the handover command based on the measurement information received in handover preparation phase. The previous drive test results can also be used for the pre-configuration on initial transmission power with RACH less access. There may be several solutions for determining the initial data transmission power for RACH-less HO, the final decision on the scheme is up to RAN1.
Observation 1: The initial uplink transmission power control in target gNB for RACH less HO is decided by RAN1.
For RACH-less in LTE, besides TA assignment, how to allocate the uplink grant for accessing the target gNB is the other separate issue. If RACH-less HO is configured, the RRC reconfiguration message for handover or SCG addition includes optionally pre-allocated uplink grant. If pre-allocated uplink grant is not included, the UE should monitor PDCCH of the target eNB to receive an uplink grant. In NR, if RACH-less HO is adopted, the same principle can be used for Type1 configuration of the grant for RACH-less initial UL transmission. When we study the solutions for NR, beam forming property should be taken into consideration. The network can pre-configure UL grant associated to SS block(s) or CSI-RS(s) to the UE via the handover command, or the UE can monitor the PDCCH sent by the target gNB to achieve the pre-allocated UL grant. In addition, the network can configure a threshold, and the UE can select the  beam whose quality is higher than the threshold among the beams included in the handover command, and then apply the associated UL grant for transmitting the RRC Reconfiguration Complete message.
Observation 2: The principle applied for UL grant assignment in LTE RACH-less HO can be reused with beam level operations.
Proposal 1: The network can pre-configure UL grant associated with the candidate beams to the UE via Type1 configuration.
Proposal 2: The UE can select the beam whose quality is higher than the threshold among the candidate beams included in the handover command, and apply the associated UL grant for the RRC Reconfiguration Complete message transmission.

3 Conclusion
This paper mainly discusses RACH-less handover in NR. Based on the above discussion, we have the following observations and proposals:
Observation 1: The initial uplink transmission power control in target gNB for RACH less HO is decided by RAN1.

Observation 2: The principle applied for UL grant assignment in LTE RACH-less HO can be reused with beam level operations.
Proposal 1: The network can pre-configure UL grant associated with the candidate beams to the UE via Type1 configuration.
Proposal 2: The UE can select the beam whose quality is higher than the threshold among the candidate beams included in the handover command, and apply the associated UL grant for the RRC Reconfiguration Complete message transmission.
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