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Discussion and Decision
1 Introduction
RAN2#96 meeting has agreed that 
Agreements:

1: Both contention-based and contention-free RA procedure should be supported in NR.

2: Contention-based and contention-free RA procedures follow the steps of LTE (does not preclude consideration of 2 step RA)

3: RAN2 should strive for as much commonality in random access procedure as possible across all use cases.

RAN2#97bis meeting has agreed that 
Agreements:
- The random access procedure in NR is supported at least for the following events:

(1) Initial access from RRC_IDLE;

(2) RRC Connection Re-establishment procedure;

(3) Handover;

(4) DL data arrival during RRC_CONNECTED requiring random access procedure, e.g. when UL synchronisation status is "non-synchronised";

(5) UL data arrival during RRC_CONNECTED requiring random access procedure, e.g. when UL synchronisation status is "non-synchronised" or there are no PUCCH resources for SR available;

(6) Transition from RRC_ INACTIVE to RRC_CONNECTED

- In NR the random access procedure on SCell can be supported if multiple TAs are supported as in LTE

- The random access procedure in NR is performed on at least PSCell upon SCG addition/modification, if instructed, or upon DL/UL data arrival during RRC_CONNECTED requiring random access procedure. The UE initiated random access procedure is only performed on PSCell for SCG as in LTE

- There is at most one Random Access procedure ongoing at any point in time in a MAC entity.  FFS if it is up to UE implementation which RA procedure should be stopped or if we need to have any form of prioritization

In RAN2#97 meeting, HO enhancements in single connectivity have been discussed and some agreements are as following:
Agreements
1
We will aim to define HO for NR with an interruption as close to zero as possible while only having single Tx/Rx in the UE, and 0ms interruption at least for the case that the UE supports simultaneous Tx/Rx with source cell and target cell during HO
Currently, RAN1 and RAN2 are discussing random access procedure with/without multi-beam operation. This paper will further discuss the requirement of RACH procedure for mobility in NR.
2 Discussion
In NR, the RACH procedure is used in some cases as in LTE, e.g. initial access from idle mode, RRC connection re-establishment, handover, and DL/UL data arrival during RRC_CONNECTED requiring random access procedure, etc. RACH procedure can be performed for uplink resources acquisition and uplink synchronization. For normal handover case, when the UE is moving out of the coverage of the source cell, the UE performs synchronization to target gNB and accesses the target cell via RACH procedure after receiving the handover command.
In NR, in order to provide high capacity, high frequency is expected to be used. Due to fast link drop in HF scenario, beamforming mechanism is introduced to compensate the channel fading and it may have impacts on both RAN1 and RAN2. Besides UL grant and accurate TA acquisition, RACH procedure can also be used for beam operation, e.g. beam failure recovery. Now RAN1 is discussing on mechanism to recover from beam failure. 
For mobility without RRC involvement case, when the UE moves to a new location, it is likely that the channel quality of the serving beam pair link is suddenly dropped due to blockage, thus beam failure occurs. The UE can trigger beam failure recovery request (BFRR) procedure as scheduling request [1]. Furthermore RAN1 has agreed the UE can send BFRR on PUCCH if uplink time is aligned and on non-contention based channel resource based on PRACH if uplink time is not aligned [2]. It is FFS that whether contention based PRACH resources can be the supplement to contention free beam failure recovery resources, e.g. from traditional RACH resource pool, 4-step RACH procedure is used.
Based on above analysis, RACH procedure can be used for mobility with/without RRC involvement in NR. 
Observation 1: In NR, RACH procedure can be used for TA and UL grant acquisition and beam operation.
Proposal 1: In NR, RACH procedure is the baseline for mobility with/without RRC involvement.
In R14 eMob WI, two solutions can be used to reduce latency during handover. One is RACH-less handover and another is Make-Before-Break handover. If RACH-less HO is configured, UE performs synchronization to target gNB without RACH procedure. If Make-Before-Break HO is configured, the connection to the source cell is maintained after the reception of handover command before the UE executes initial uplink transmission to the target cell.
For RACH-less handover, it can only be used when the 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. Therefore, the use case of RACH-less is restricted. From latency reduction perspective, about 4.5-8.5ms can be saved. In NR, when the UE only has single Tx/Rx and does not support dual connectivity, RACH-less handover can be performed to reduce some interruption in small cell or intra-site handover case. 
Now RAN2 is discussing how to realize 0ms interruption in NR, DC framework with role change between the MgNB and the SgNB can be used to achieve this goal [3]. During role change between MgNB and SgNB, there is no need for the UE to perform RACH as it has already synchronized with the new MgNB when the new MgNB works as the SgNB. On the other hand, it is still beneficial when a new SgNB is added for DC RACH-less access could be achieved, if the tight synchronization requirement is met between the MgNB and the new SgNB.
Observation 2: In LTE, RACH-less can be used when the TA value of the target cell is zero or equals to the TA value of the source cell to reduce interruption.
Observation 3: In NR, when the UE only has single Tx/Rx, RACH-less handover can be performed in small cell or intra-site scenario.
Proposal 2: In NR, RACH-less handover can be configured for single connectivity to reduce interruption.
3 Conclusion
This paper mainly discusses the requirement of RACH procedure for mobility in NR, and we have following observations and proposals:
Observation 1: In NR, RACH procedure can be used for TA and UL grant acquisition and beam operation.
Observation 2: In LTE, RACH-less can be used when the TA value of the target cell is zero or equals to the TA value of the source cell to reduce interruption.

Observation 3: In NR, when the UE only has single Tx/Rx, RACH-less handover can be performed in small cell or intra-site scenario.
Proposal 1: In NR, RACH procedure is the baseline for mobility with/without RRC involvement.
Proposal 2: In NR, RACH-less handover can be configured for single connectivity to reduce interruption.
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