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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. 
After the RAN2#95 meeting, RAN WG2 made a decision to adopt both RACH-less and make-before-break solutions for the enhanced handover, whereupon it was also proposed and agreed that both mechanisms can be activated simultaneously [7]. However, some concerns were raised on whether these mechanisms can be combined and treated in a fully independent manner [8-9].

In this discussion paper we take we present further technical details of both solutions indicating that according to our view both RACH-less and "make-before-break" can be used and treated in a fully independent way.
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. 

As already noted in [7] and discussed during RAN2#95 meeting, 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.
Referring specifically to the "make-before-break" solution, it was discussed and preliminary concluded that it is effectively up to the UE implementation when it breaks its connection to the source eNB after it has received the RRC reconfiguration message with the MobilityControlInfo [10-11]. The rationale behind such an approach is that a UE continues to communicate with the source eNB as long as it needs to perform RF sync and tuning to the target eNB. Even though TR 36.881 mentions the typical delay of 15ms, the exact number will depend on the actual hardware platform and its capabilities. So, once a UE is done with the RF sync and tuning, it will drop its connection to the source eNB and will start to monitor the PDCCH from the target eNB followed by the RACH procedure. It should be noted that according to the agreement from RAN2#94 meeting, we do not assume that a UE will be able to or should monitor PDCCH channels from both eNBs. In other words, when the RACH phase starts we cannot assume that a UE will continue to listen to the source.
Concerning the RACH-less solution, it was agreed during the RAN2#95 meeting that a UE can receive information on the UL grant either through the X2/RRC signaling or directly over the PDCCH channel by means of the legacy scheduling. However, regardless of how the UE obtains information on the UL grant, it is almost inevitable that a UE should already be monitoring the PDCCH channel from the target eNB by the time when it initiates any UL activity: as the target eNB may respond, the UE must be sure that it receives and decodes reliably PDCCH. Of course, when exactly a UE starts to monitor the PDCCH and initiate the UL activity is fully up to the UE implementation, as it is governed by exactly the same considerations as for the "make-before-break" solution i.e. a UE will need some time to tune its RF for the target.
Observation 1: Regardless of which solution is activated or whether both of them are enabled, there is always RF sync and tuning phase, duration of which depends on the UE 

Observation 2: Once a UE has finished RF sync and tuning, it starts to monitor the PDCCH channel from the target.
Based on the presented considerations and observations, we do not see any issue with combining RACH-less and make-before-break solutions in an independent way, neither do we see any reason for imposing further constraints, such as proposal [9] that combination of these features is feasible only when the UL grant is signalled over X2/RRC. It should be noted that both [9] and [10] have somewhat misleading assumption that UL grant signalled over X2/RRC can allow for receiving PDCCH from the source while initiating UL activity in the target. However, as the RF sync and tuning does not take zero time, a UE first has to ensure that it receives PDCCH from the target before initiating UL transmission, otherwise it may simple miss a response message compromising the whole feature. 
Proposal: Consider RACH-less solution and "make-before-break" as two independent mechanisms with no restrictions/dependencies in configuration between them.
3 Conclusion
As there were some concerns raised during the RAN2#95 meeting, in this discussion paper we have presented our view on co-existence of the RACH-less and "make-before-break" solutions when both of them are activated by the network. Based on the presented technical considerations, we do not see any technical issue with combining these two mechanisms and continuing to treat them in a fully independent way.
Proposal: Consider RACH-less solution and "make-before-break" as two independent mechanisms with no restrictions/dependencies in configuration between them.
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