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1. Introduction
RACH-less handover solution was proposed to reduce the service interruption time in latency reduction SID [1], by which, UE skips the RACH procedure and directly switches to target cell.
In RAN #71 meeting, the WID of mobility enhancement was approved, and the following objective was captured in [2].
	· Potencially down select between solution 1(RACH-less handover) and solution 2 (Maintaining Source eNB Connection during Handover) in section 8.3 of TR 36.881v050 and specify selected solution(s) afterwards.


In this contribution, some further considerations and analyses on RACH-less handover are discussed.
2. Discussion
Generally, the goal of RACH in handover is to obtain the TA to target cell and the initial uplink grant from target eNB. In [1], these two issues are preliminarily discussed, and further study for them should be made.
2.1. TA to target cell

In previous study, synchronous network was assumed, i.e. the source cell, the target cell and the UE are synchronized and the subframe boundary between the source cell and target cell are aligned.
However, in current deployment, asynchronous network also exists, and the RACH-less handover should also be taken into account with this kind of scenario.
Proposal 1: RAN2 to agree the RACH-less handover could be used in both synchronous and asynchronous network.

Actually, we could reuse the formula as shown in section 8.3.1 of [1] and adapt it to the asynchronous network.
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Figure-1 Obtain the TA in synchronous or asynchronous network

As seen in Figure-1, similar with the formula in synchronized network, the UE can also derive the target cell TA from the common formula: 

TAtarget = TAsource – 2*ΔT
Where, ΔT =  T1 - T2, T1 and T2 denote the propagation delay from source eNB and target eNB to UE, respectively.
In synchronous network, UE can easily obtain the ΔT according to the reception timing of DL signal (e.g. broadcast) transmitted at the same time from source eNB and target eNB.
For asynchronous network, it’s more complicated. UE should calculate the ΔT according to not only the reception timing of DL signal from the two eNBs, but also the time difference between the two cells. Where, the time difference between target eNB and source eNB is assumed as TD = TTarget – TSource. TD Could be interacted via X2 between source and target eNB and inform UE by handover command, also, other solution could be studied.
Also note, as indicated in [1], the accuracy of this method needs to be further checked by RAN4.
Proposal 2: Common formula could be used to obtain the target cell TA in RACH-less handover.
2.2. Obtain the UL grant from target cell

To obtain the initial scheduling from target eNB, there are following potential ways.
Alt-1: UL grant of target eNB is transferred by using X2 handover signalling (handover response) to source eNB, then source eNB informs this UL grant to UE in handover command.
Alt-2: Pre-scheduling is executed by target at a mutually agreed time, i.e. at certain time, target eNB begins to blind schedule the UE.
The first difference between Alt-1 and Alt-2 is by whom the initial UL grant is informed to UE, source eNB will do it in Alt-1 and target eNB will do it in Alt-2.

Alt-1 is simpler by using the legacy procedure and handover signallings, the only modification is to add the scheduling information into the handover response and handover command message. However, target eNB should reserve the scheduled resource for a period of time until UE uses this resource in target cell, which is some kind of waste of resources.
Alt-2 could use the resource of target cell more efficiently. Before the mutually agreed time of UE enters target cell, the same resource can be used to schedule other UE. However, the main problem of this alternative is the accuracy of agreed time. As can be imagined, this agreed time will be decided via X2 interaction between source eNB and target eNB (handover request and handover response), according to the evaluation of time period between X2 handover message and the time of UE enters target eNB, which might has a varied range of tens of milliseconds. Too late or too early to start the blind scheduling in target eNB all harms the performance of this method. In other words, the feasibility of this method depends on the accuracy of the time period evaluation.
From RACH-less perspective, the two alternatives have the similar performance to reduce the service interruption time, however, both of the two options have obvious advantages and disadvantages, especially in resource efficiency aspect, hence we should discuss and decide which one could be used.

Proposal 3: RAN2 to discuss and decide who informs UE the initial UL grant after handover, the source eNB or the target eNB.
The other aspect of this issue is how to allocate the resource for the handover UE.
Generally, there are two options as following:
Option-1: Fixed resource is reserved for UE.

Option-2: Resource is allocated according to UE buffer and channel quality related information.

Obviously, option-1 has less impact on the handover procedure, and the fixed resource can be decided either by target eNB or pre-configuration. However, the size of the resource might not that suitable for UE due to no other information can be referred. Furthermore, if there are numbers of UE ready to handover, the large requirement of resource would make the target cell overloaded significantly.
Using option-2, by contrast, is more flexible, i.e. taking UE buffer status and large scale channel quality related information in X2 handover message will help the target eNB allocate resource more appropriate. The impact of the method is some assistant information should be transferred via X2, however, this would be not a big problem now that RACH-less handover is introduced.
Proposal 4: Assistant information should be transferred via X2 interface to help target eNB allocate resource for handover UE in RACH-less handover.
3. Conclusion
Based on the analyses, it is proposed that:
Proposal 1: RAN2 to agree the RACH-less handover could be used in both synchronous and asynchronous network.
Proposal 2: Common formula should be used to obtain the target cell TA in RACH-less handover.
Proposal 3: RAN2 to discuss and decide who informs UE the initial UL grant after handover, the source eNB or the target eNB.
Proposal 4: Assistant information should be transferred via X2 interface to help target eNB allocate resource for handover UE in RACH-less handover.
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