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1 Introduction
Within the scope of REL-14 mobility enhancements work item [1], two types of solution families are identified; 1) RACH-less handover and 2) make-before-break handover. The aim of this contribution is to propose a network controlled RACH-less handover solution where the intention is to keep the complexity impacts minimal -- especially for the UE. The benefits and downsides of the proposal are discussed and compared with those of other mobility enhancement solution alternatives.

2 Discussion
2.1 Network controlled RACH-less handover
In order to perform handovers without random access, it seems reasonable to assume that the following requirements need to be fulfilled;
· Time alignment needs to be known for the target cell because otherwise uplink data transfer is not possible.
· Physical cell needs to change. It is hard to remove random access for intra-cell handover because today random access can be used to detect when the UE has updated security keys.
Current handover mechanism acquires time alignment by triggering random access towards the target cell. If time alignment needs to be acquired without random access, there is a non-negligible complexity impact on the standard because a completely new solution is needed. It should be noted that there are deployment scenarios where time alignment towards target cell is known prior to handover execution but, so far, these scenarios has not been discussed within this work item. The purpose of this contribution is to exemplify some of these scenarios and explain how it is possible to take advantage of them.
If both source and target cells belong to the same eNB, time alignment should be the same for both cells because eNB’s physical antenna is located exactly at the same place for both cells and, hence, there are no differences in the propagation paths. In a typical 3-sector sites network deployment, intra-eNB handovers roughly accounts for 30-50% of all handovers. If the number of sectors is increased, the number of intra-eNB handovers increases even further. It is therefore possible to motivate that RACH-less intra-eNB handover is technically feasible by using the same time alignment value for both source and target cells and the benefits of RACH-less handover should be significant because the scenario is not a corner case.
Usually all kinds of estimates and control loops have their limitations and finite granularity; feedback loops cannot be immediate, estimates are non-ideal and controllers need to be able to handle coarse control steps. Time alignment is not an exception. If the UE is moving in an environment where site-to-site distance is not more than a couple of hundreds of meters, it can be argued that time alignment is not a critical function and it is again reasonable to assume that both source and target cells have the same time alignment value at least during handover.
One should also keep in mind that interruption times are an issue for high data rate services. Usually high data-rates are provided in small cell environments and, from the end-user point of time, the adverse impact of interruptions is therefore mostly noticeable for handovers between small cells. Switching from a small cell to a large cell is expected to reduce the data rate and hence interruption time optimizations are less useful. Similarly, switching from a large cell to a small cell already improves the data rate and shorter interruption time merely improves the situation as much.
It can be concluded that RACH-less handover is feasible in the above-described use cases and scenarios without introducing any new time alignment control or estimation mechanisms because the network knows when the timing alignment is the same for both source and target cells.
Observation 1 RACH-less handover is feasible in some deployments without introducing any new time alignment control or estimation mechanisms because the network knows when the timing alignment is the same for both source and target cells.
It can be argued that the below outlined principles should be sufficient to make use of this observation. The main principle is that
· The instant of time when handover takes place is conveyed to the UE in handover command because, in that way, the interruption time can be made short (similar to UMTS enhanced serving cell change feature).
· Support of RACH-less handover is indicated in the UE capability container and provided to the target cell in handover preparation information, i.e. introduce a new UE capability for RACH-less handover.
· The decision whether RACH-less handover is feasible or not is left up to the network implementation (OAM).
2.2 Comparison with other mobility enhancement solutions
One important task of the work item is the down-selection of different solution alternatives. An imperative aspect of the down-selection is careful analysis of the benefits and down-sides of each solution.

The main benefit of network controlled RACH-less handover is minor impact on UE complexity because the impact is essentially limited to signalling extensions whereas the functional complexity and decision-making is left up to the network implementation. When compared to other solutions, there are no requirements on new measurements, no requirements on simultaneous transmission or reception (or both) with two (or more) cells, no requirements on simultaneous TX/RX and no need to introduce multiple protocol stacks.

The complexity impact on the network side is higher than on the UE side but it is still low and mainly related to synchronization and handover time. In general, this should not be an issue for the above-described use cases. Usually all those cells that belong to the same eNB are per-definition synchronized and therefore it should be relatively easy to determine an instant of time for intra-eNB handovers.
In addition, high-data rate services normally require advanced features where cells need to be synchronized and this is expected to become a common deployment scenario especially in small cell environments. It is reasonable to expect that mobility enhancements and interruption time reductions are especially useful for such scenarios. In other words, RACH-less handover is hardly a sufficient reason to synchronize a network but in a radio environment where cells are synchronized it is easily possible to take advantage of this simple improvement.
The downside of this solution is relatively modest performance improvements and it is not possible to make use of them in all scenarios. As already mentioned, some of the possible scenarios where this solution is deemed to be useful are still quite common use cases and therefore the solution is definitely not limited to corner cases.
It should also be noted that RACH-less handover does not provide any additional robustness for mobility procedures. Thus also other solutions such as RRC diversity based on Dual Connectivity could be discussed in future.

In conclusion, it seems that the benefits of this solutions clearly outweighs the down-sides and it is therefore proposed to consider network controlled RACH-less handover as a mobility enhancement within this REL-14 work item .

Proposal 1 Consider the proposed solution based on reuse of time alignment values as a possible RACH-less handover mobility enhancement in REL-14

If the proposal is agreeable, Ericsson is happy to prepare draft running CRs for network controlled RACH-less handover.

3 Conclusion

In section 2 we made the following observations:
Observation 1
RACH-less handover is feasible in some deployments without introducing any new time alignment control or estimation mechanisms because the network knows when the timing alignment is the same for both source and target cells.


Based on the discussion in section 2 we propose the following:
Proposal 1
Consider the proposed solution based on reuse of time alignment values as a possible RACH-less handover mobility enhancement in REL-14
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