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1
Introduction

After RAN#71 in March 2016, a new WI was approved [1], which aims at further LTE mobility enhancements to minimize data transmission interruptions when a UE moves from one cell to another. The WI description also mentions a pre-study phase, during which companies should identify and study potential solutions for their advantages and drawbacks to down select the most appropriate option(s). In particular, TR 36.881 [2] has captured two major families of solutions to reduce data transmission gaps during the handover process: RACH-less handover and maintaining a connection to the source eNB.
After the RAN2#94 meeting, RAN WG2 has considered two major solution families and based on presented contributions [4-6] has down selected a few options from solution "maintaining a connection to the source eNB". To be more precise, RAN WG2 has concluded that if a UE maintains a connection to the source eNB, then options with simultaneous data reception from and transmission to several eNBs should be avoided. As for the RACH-less approach, RAN WG2 has just made a few basic decisions on the UL grant allocation in the target eNB and how the whole scheme might work. 
In this discussion paper we take a broader look at both families of solutions striving to present that they are not mutually exclusive, but rather can complement each other in different deployment scenarios.
2
Background and overview of the solutions
As already discussed in RAN WG2, the LTE handover process comprises a number of steps contributing to the overall handover delay and as a result causing data transmission interruptions. For the sake of further clarity, those steps can be grouped into several phases, as illustrated Figure 1. As captured in Table 5.2.2-1 in TR 36.881 [2], the biggest contributors to the overall delay is RRC procedure delay (15ms) and RF/baseband re-tuning (20ms), which we capture as Phase II in Figure 1; and random access transmission with response (5..9ms) that corresponds to Phase III. The overall procedure can of course take more time if some messages are re-transmitted, which can be the case for the random access. As mentioned in [3], the observed handover delays can be as large as 80ms.

Referring to Figure 1, the mobility and handover enhancements can be viewed as a process of eliminating data transmission gaps in phase II and III. In particular, the RACH-less solution tries to minimize delays in Phase III by eliminating the corresponding actions; at the same time, maintaining a connection to the source eNB aims at continuing data reception from the source eNB after the reception of the RRC reconfiguration message and RF syncing/re-tuning phase. So, both solutions will help to reduce data transmission gaps and, as can be seen from the figure, they accomplish it by different means in different phases.
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Figure 1: eNB handover procedure with data interruption.
Somewhat following the same line of reasoning as in [7], it bears noting that it can be up to the network to decide when a particular solution or even a combination of solutions will be activated. As elaborated in [7], the RACH-less solution seems to be quite straightforward for the intra-frequency intra-eNB handovers and can be a good candidate for that use case. On the contrary to it, inter-frequency inter-eNB handover process may need more actions from the UE side during Phase II demanding more time, for which maintaining a connection to the source eNB might be more suitable as a way to eliminate transmission gaps. The combination of both approaches is also feasible, especially for the intra-frequency case. 
Thus, depending on the network deployments, handover scenario, and more importantly UE capabilities, the network can make a decision which mechanism is allowed / preferred for a particular handover case.
Proposal: Consider RACH-less solution and "maintaining a connection to the source eNB" as two independent mechanisms, activation of which is up to the network decision.
3 Conclusion
In this discussion paper we have presented our view on two potential families of solutions for LTE mobility enhancements. Based on the presented considerations and accounting for agreements made last RAN2#95 meeting, it seems that both RACH-less solution and “maintaining a connection to source eNB” are not interfering with each other, but rather can work in complementary way as they rely upon different principles and aim at eliminating transmission gaps in different ways. A decision to use a particular mechanism, or even a combination of them, can be left upon to the network.
Proposal: Consider RACH-less solution and "maintaining a connection to the source eNB" as two independent mechanisms, activation of which is up to the network decision.
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