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1
Introduction
The WI was setup to minimize interruption in the mobility events in RAN#71 [1]. Reduction of the handover latency was discussed under the Rel-13 Study Item “Study on Latency reduction techniques for LTE” in the RAN2 meetings, and contributions on this topic provided some potential solutions [2-7]. In this contribution, we discuss in more details on RACH-less handover.
2
Discussion
The basic idea of RACH-less handover is in a synchronized network the UE switches from source cell to target cell, without requiring random access procedure or the UE follows the legacy handover procedure but skips the RACH related steps. 
TA accuracy
Since the main purpose of the RACH procedure is to obtain the TA in the target cell, solution about how the UE can obtain the target cell TA without performing RACH has been provided in [2] and [8]. The UE derives the target cell TA from the source cell TA assuming that the source cell and the target cell are in sync. However such a solution is based on the theoretical analysis, the accuracy of the target cell TA obtained by this method needs to be further checked by RAN4 before agreeing any solution.  
Observation 1: The accuracy of evaluated TA in RACH-less handover needs to be checked with RAN4.

Initial UL power

Currently, the initial value of PUSCH transmission power control 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 should be solved. There are the following two solutions:
· Solution 1: UE determines the initial PUSCH transmission power by P0-PUSCH and path loss. The UE can obtain the path loss by the power of the eNB transmitting CRS and the power of the UE receiving CRS, what’s more, the P0-PUSCH  which represents  the  receiving power expected by the eNB can be derived by the system information (the related parameters are included in SIB2). In this way, the UE can determine the uplink transmission power.
· Solution 2: Network configures the initial uplink power control based on measurement report. The target eNB determines the initial uplink PUSCH transmission power based on the measurement report during handover preparation procedure and configures it to UE in handover command.

However, the initial power control in PUSCH in target eNB should be determined by RAN1. .
Observation 2: The initial power control in target eNB should be determined by RAN1.
Proposal 1: The feasibility of RACH-less handover, i.e. for the accuracy of evaluated TA and initial power control in target cell, needs to be checked with RAN4 and RAN1 firstly.
Assuming the RACH-less handover is feasible,  there are four possible solutions to support RACH-less handover.
· Solution 1: Synchronous Handover with dynamic scheduling
As provided in the [3], the UE is configured with an exact time instance (e.g. SFN) in the handover command which indicates when it starts executing the handover from the source cell to the target cell. This means the three nodes know the time when to execute handover and the UE switches from source cell to target cell at the mutually agreed time without random access procedure. The target cell allocates the UL grant to the UE by dynamic scheduling from the time when it expects the UE to be available for scheduling. The UE detects the PDCCH and waits for the scheduling command. In this solution, the eNB should make an effort to evaluate the appropriate time for sending PDCCH since the handover latency caused by UE processing time is not so centain for the eNB. 
· Solution 2: Synchronous Handover with pre-allocated UL grant

Similar with the solution 1, the UE also performs handover execution at a mutually agreed time in this solution. However, the UL grant probably with a scheduling time is pre-allocated in the Handover Preparation procedure. The UE uses the UL grant directly in the target cell. If the target eNB does not detect the UL data in the UL grant, retransmission can be performed as usual. In this solution, the eNB should also make an effort to evaluate the appropriate time for the UL grant since the handover latency caused by UE processing time is not so centain for the eNB. However, comparted with the solution 1, solution 2 can save additional 4ms lantency which caused by PDCCH scheduling.

· Solution 3: Legacy Handover with Skipping RACH and UL grant is requested by SR
In this solution, the UE follows the legacy handover procedure but only skips the RACH related steps. The solution about how to allocate UL grant without RACH is also needed to be considered. The solution that the UE requests the UL grant by the SR procedure is provided in [2], but the data interruption time can’t be reduced as explained in [2]. 
· Solution 4: Legacy Handover with Skipping RACH and blind PDCCH scheduling
In this solution, the UE also follows the legacy handover procedure but only skips the RACH related steps. The eNB schedules the UE directly by PDCCH blindly, i.e. the UE detects the PDCCH directly in the target cell. However, compared with the solution 1, the problem is the eNB is not aware of the handover execution time which means the eNB needs to send the scheduling information by PDCCH for a longer time until the UL data is received.
In summary, the comparison of the four solutions is given in the Table 1:
Table 1. Comparison of the four solutions
	Solutions
	Pros and Cons

	Solution 1:Synchronous handover with dynamic scheduling
	Pros: The data interruption can be reduced.

Cons: The eNB should make an effort to evaluate the appropriate time for sending PDCCH since the handover latency caused by UE processing time is not so centain for the eNB. 

	Solution 2: Synchronous Handover with pre-allocated UL grant
	Pros: The data interruption can be reduced. And additional 4ms can be reduced compared with solution 1 and solution 4.
Cons: Same with Solution 1, the eNB should also make an effort to evaluate the appropriate time for the UL grant since the handover latency caused by UE processing time is not so centain for the eNB. 

	Solution 3: Legacy Handover with Skipping RACH and UL grant is requested by SR
	Cons: The data interruption cannot be reduced.

	Solution 4: Legacy Handover with Skipping RACH and blind PDCCH scheduling
	Pros: The data interruption can be reduced.

Cons: Compared with the solution 1 and solution 2, it is more difficult for eNB to evaluate the appropriate time for the UL grant.


Since the solution 2 has better performance, we propose 

Proposal 2: The solution of synchronous handover with pre-allocated UL grant is preferred if RACH-less handover is feasible (according to RAN1 and RAN4 analysis).
3
Conclusion

In this contribution, we discuss the RACH-less handover and propose:
Proposal 1: The feasibility of RACH-less handover, i.e. for the accuracy of evaluated TA and initial power control in target cell, needs to be checked with RAN4 and RAN1 firstly.

Proposal 2: The solution of synchronous handover with pre-allocated UL grant is preferred if RACH-less handover is feasible.
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