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1 Introduction
As per the WID [1], the detailed objectives for NR mobility enhancements are:
	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 
· To study solution(s) to improve HO/SCG change reliability and robustness especially considering challenges in high/med frequency focusing on the following identified solutions but not limited. 
· Conditional handover 
· Fast handover failure recovery 
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. 
· To specify the solutions and agreements agreed during the above study phase. [RAN2/RAN1/RAN3/RAN4]


This contribution discusses above identified solutions for NR mobility enhancements and provides physical layer implication.
1 
2 Reducing interruption time during HO/SCG change
Make-Before-Break (MBB)
In order to minimize the interruption time upon handover, Make-Before-Break (MBB) has been introduced in LTE Rel-14. MBB enables the UE to keep the source connection after the reception of the handover/SeNB change command and before the first transmission/reception on the target cell. The following components are specified in LTE to support the MBB solution:
· Delay the layer-2 reset after stopping the transmission and reception on the source cell(s)
· The source eNB (or source MeNB for the SeNB change) determines the Make-Before-Break handover/SeNB change by requesting the target eNB to add the make-before-break indication in the RRC message which is used for the mobility event. The target eNB adds the make-before-break indication in the RRC message which is sent to the UE via the source eNB when the handover/SeNB change is accepted.
It is understood that LTE MBB operation can be applied also in NR without any remarkable modification. In case of LTE MBB, no RAN1 specification change was introduced.
Observation 1: LTE Make-Before-Break (MBB) operation can be applied also in NR without any remarkable modification.
RACH-less handover
In LTE, the RACH-less solution is to reduce the mobility interruption time by removing the RACH procedure during the mobility events including handover and SeNB change. The RACH-less solution is applicable for the scenarios where the uplink transmission timing does not change (i.e. intra-site) or equals to “0” (i.e. small cell). The following components are specified in LTE to support the RACH-less solution:
· Indicate the uplink timing (i.e. NTA) to be used for the target cell in the handover command
· Provide the pre-allocated uplink grant in the handover command. The minimal interval of the pre-allocated uplink grant is 2ms. The non-adaptive retransmission in the pre-allocated uplink grant is prioritized over the new transmission. The redundancy version of the HARQ retransmission in the pre-allocated uplink grant is fixed to “0”. The pre-allocated uplink grant is released upon the successful completion of the mobility event.
For LTE RACH-less handover, the UE can transmit the handover complete message according to the UL grant which is either pre-allocated or dynamically signalled to the UE.
Similar with MBB, LTE RACH-less handover operation can be applied also in NR without any remarkable modification. In addition, NR already supports uplink transmission based on configured grant which facilitates RACH-less operation in NR. 
Observation 2: LTE RACH-less handover operation can be applied also in NR without any remarkable modification. In addition, NR already supports uplink transmission based on configured grant which facilitates RACH-less operation in NR. 
Handover/SCG change with simultaneous connectivity with source cell and target cell
In principle, handover/SCG change with simultaneous connectivity with source cell and target cell would reduce the overall interruption time to 0ms and provide higher reliability. 
RAN2 studied DC-based handover during the NR SI phase. Referring to the RAN4 LS [2] in response to RAN2, most of challenges were with the FR2 and simultaneous transmission to two cells. For example, simultaneous Tx beamforming towards source and target cells will be required. Thus, the feasibility of single RF chain was negative for FR2. For dual Tx RF chains utilized for FR2, the simultaneous intra-frequency transmissions toward two directions could be possible. However, considering the power sharing mechanism, the allocated power could be reduced thus limiting the cell edge performance to both directions. 
On the other hand, it is worth noting that Rel-16 MIMO enhancements WI has an objective to introduce multi-TRP/panel and multi-beam operation, so it could be the case some functional elements could be also re-used for the DC-based handover operation. 
Furthermore, it should be also assessed whether intra-frequency DC-based handover can provide gain to the handover interruption time when compared to the intra-frequency MBB + RACH-less operation. 
Potential RAN1 implication from DC-based handover would be UE power control, UL timing adjustment, etc.
Observation 3: Simultaneous transmission to / reception from two cells on the same frequency has certain challenges, especially for FR2 where beam-forming operation is needed.
Observation 4: RAN1 implication of intra-frequency DC-based handover would be UE power control, UL timing adjustment, and so on. Joint analysis on DC-based handover, MBB, and RACH-less operation would be required. 
3 Improving HO/SCG change reliability and robustness
Conditional handover
A UE might fail to receive handover command/SCG change message from a serving cell even though the UE have successfully delivered measurement report to the serving cell, e.g., in case the link quality getting worse fast. If the UE has been provided with information, e.g., the condition related with when/where to execute handover, the UE can perform handover whenever the condition is satisfied. This information should be given to UE a priori since UE and network does not know when the problem happens. In addition, radio resource should be negotiated between serving and candidate target cells. In this regard, the necessary specification update for conditional handover would be handover procedure and corresponding signalling. 
Observation 5: Conditional handover would require specification updates on handover procedure and corresponding signalling. 
Fast handover failure recovery
In LTE, the RLF procedure is defined for a UE to initiate the connection re-establishment procedure when the UE experiences poor link quality in a serving cell. In order to reduce the service interruption during RLF timer T310, early T310 termination was introduced in LTE Rel-12. This operation considers the situation where a UE finds a target cell for handover while T310 is running. Figure 1 shows an example of early T310 termination based on T312 which controls when to declare RLF. It is assumed that a UE satisfies the A3 event for TTT while T310 is running. Then, the UE starts T312 and attempts handover. If handover is not triggered (i.e., the UE does not receive handover command) until the expiry of T312 and T310 is still running, the UE declares RLF without waiting the expiry of T310 and performs the connection re-establishment procedure towards the target cell. Consequently, the UE can avoid the service interruption during the remaining T310.
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Figure 1: Fast handover failure recovery with early T310 termination based on T312
Observation 6: LTE mobility enhancement functionality with early T310 termination based on T312 can be baseline for fast RLF recovery and/or mobility performance enhancement in NR.
4 Conclusion
Based on above discussion, it is observed that RAN1 impact to support NR mobility enhancements is marginal except for handover/SCG change with simultaneous connectivity with source cell and target cell.
The observations are summarized as following:
Observation 1: LTE Make-Before-Break (MBB) operation can be applied also in NR without any remarkable modification.
Observation 2: LTE RACH-less handover operation can be applied also in NR without any remarkable modification. In addition, NR already supports uplink transmission based on configured grant which facilitate RACH-less operation in NR. 
Observation 3: Simultaneous transmission to / reception from two cells on the same frequency has certain challenges, especially for FR2 where beam-forming operation is needed.
Observation 4: RAN1 implication of intra-frequency DC-based handover would be UE power control, UL timing adjustment, and so on. Joint analysis on DC-based handover, MBB, and RACH-less operation would be required. Observation 5: Conditional handover would require specification updates on handover procedure and corresponding signalling. 
Observation 6: LTE mobility enhancement functionality with early T310 termination based on T312 can be baseline for fast RLF recovery and/or mobility performance enhancement in NR.
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