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1	Introduction
During the 3GPP TSG RAN#71 meeting in March 2016 it has been agreed to conduct further studies on mobility aspects. A Work Item including a Study phase has been approved during the aforementioned RAN meeting. Details of the approved proposal can be found in RP-160636 [1]. New WI mainly aims at mitigating the negative impact of service interruption on user experience. In this paper, we analyze one of the solutions indicated in the WID description, namely the so-called RACH-less Handover, which can bring substantial reductions to the service interruption during handover. 
2	Discussion
Handover in any system is inherently associated with some service interruption. The aim of LTE design was to minimize this, and substantial amount of work and studies have been devoted that during earlier releases (e.g. during the Hetnet mobility SID/WID). The statistics in [2] show that median interruption time is approximately 50 ms but in certain cases those values can be as high as 80 – 100 ms. As studied in the latency reduction SI and captured in TR 36.881, one of the main components that contribute to the length of this interruption is the necessity to execute Random Access (RA) procedure in the target cell. This mechanism is typical for asynchronous networks. However, the increasing number of functionalities requiring time-synchronized cells (such as ICIC or CoMP) provide an opportunity for mobility enhancements. If the RA step could be omitted (e.g. in synchronized networks), significant reductions of the interruption length and the overall HO execution time could be achieved.
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Figure 1 depicts the current LTE Handover procedure. HO preparations are typically triggered on the basis of measurement report(s) provided by the UE. After evaluating the content of those measurement reports against the triggering criteria and upon the successful HO request/response procedure with the target eNB, source cell/eNB sends HO command prepared by the target eNB towards the UE. Once the UE receives the HO command, the data service interruption time starts and data transmission will not be resumed until the UE-sent RRC message confirming the handover completion is received by the target eNB (as shown in Figure 1). The authors of [2] have conducted a detailed analysis and calculations for each component contributing to the overall interruption duration. It has been observed during the laboratory measurements that it takes approximately 20 ms for the UE to process HO command (which is also the maximum allowed by the RRC processing delay requirements in TS 36.331 section 11.2). Upon accomplishing this step, another 15 ms is consumed for performing the RACH procedure (provided that it is successful – in case several preambles are needed, the amount of time is increased), and similar amount of time is needed for sending the RRC message providing the HO completion confirmation to target eNB. In total, these result in >50 ms of service interruption time. Hence, removing the RA procedure alone could bring significant benefits (i.e. 15 ms in relation to 50 ms, which means 30% reduction).  
2.1	Synchronous RACH-less Handover
The proposed enhancements to Handover procedure are depicted in Figure 2. The entire process commences in the same way as the legacy one (i.e. measurement report(s), HO request/response exchange between the source and the target cell). During the HO request/response phase, source and target cells set the time T that indicates when switching to a target cell shall occur (as shown in Figure 2). Throughout this period, source cell continues to schedule the UE normally both in Downlink (DL) and in Uplink (UL). When the timer T expires, source cell will abandon DL transmission towards the UE and forward the data to the target cell. Target cell assigns the UL resources and UE starts communicating with this cell – firstly by sending HO confirmation message, afterwards normal data service is restored.
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In comparison to the legacy Handover procedure, the proposed approach shall result in the following benefits: 
· Reduction of the interruption time during the handover
· RA procedure avoidance
· Handover delay reduction and overall mobility robustness improvement
Observation 1: The RACH-less handover can provide clear reduction to the service interruption time during handover.
As the aforementioned benefits can be achieved by applying RACH-less handover procedure, it is proposed to consider RACH-less handover in the further evaluations within this Work Item.
Proposal 1: RAN2 is kindly asked to consider RACH-less HO as a possible solution to mitigate service interruption issue emphasized in this WI.

2.2	Timing Advance Calculation
Even though the aforementioned RACH-less HO procedure brings substantial benefits, some work is required to specify the procedure. One thing to consider is how the estimation of the Timing Advance (TA) is done for the target cell. However, as the source and target cell are synchronized, the assumption is that Random Access procedure is not mandatory and Timing Advance (TA) can be derived based on the value from the known cell (i.e. source cell). UE can measure the time difference (denoted by ) between the signals received from the source () and the target cell (). Figure 3 presents this basic concept.
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[bookmark: _Ref447189281]Figure 3: Propagation delays between the UE and the source/target cells

The  can be then simply calculated according to the following formula:  As a result - Timing Advance of the target cell (i.e. ) can be estimated on the basis of the source TA (i.e. ). As proposed in [2] - it can be done in the following way:
[bookmark: Equation]

A straightforward question is what accuracy of TA estimation can be obtained by applying such methodology and whether it can suffice in the majority of HO cases.  
Proposal 2: RAN2 is kindly asked to adopt the TA calculation method as a solution for avoiding random access during handover.

3	Conclusion
In this paper the following observations and proposals have been made: 
Observation 1: The RACH-less handover can provide clear reduction to the service interruption time during handover.
Proposal 1: RAN2 is kindly asked to consider RACH-less HO as a possible solution to mitigate service interruption issue emphasized in this WI.
Proposal 2: RAN2 is kindly asked to adopt the TA calculation method as a solution for avoiding random access during handover.
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