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1. Introduction

In the generally accepted handover (HO) procedure, the UE enters the target cell by means of the RACH access, which is particularly costly in terms of interruption time. In synchronous networks, however, the access to the target eNB via RACH is unnecessary, since the UE can calculate the new timing advance (TA) and the new uplink time frame beforehand [1]. Correspondingly, the uplink resources granted by the target eNB can already be communicated within the HO_Command message (Fig. 1). The only requirement would be that the offset between the uplink and downlink time frames is well-defined.
2. Discussion
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Fig.1: Proposed intra-MME/SAE Gateway HO for synchronized networks. Changes in comparison to the regular HO procedure [2] are indicated in red.
2.1. Calculation of the new uplink time frame before handover execution
UEs constantly monitor the pilot signals of nearby radio cells. In asynchronous networks, the UE knows the time frame of the source eNB, but the time frame of the target eNB cannot be gleaned as the time interval between the beginning of the UE time frame and arrival of the target eNB pilot signal does not give any hint on it. A long interval could either stem from a long transmission delay or a large offset between the UE / target eNB time frames. In case of a synchronous network (Fig. 2) the UE implicitly knows the TA of the target eNB by taking into account the difference between the downlink TTI arrival time of target and source eNB 
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, which is defined to be positive if the target signal arrives later than the source signal and negative if it arrives earlier:
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Fig. 2: Calculation of the new timing advance and the new uplink time frame of the UE in synchronized networks. For eNBs, the time frames are given for both uplink and downlink.

In order to calculate the new uplink time frame of the UE, downlink synchronicity alone is not sufficient though - the uplink time frame needs to have a defined relation to the downlink frame. The time frame relation between uplink and downlink has not been standardized in 3GPP. We therefore assume that it can be set either globally (fixed time offset for all eNBs) or individually for each eNB, in which case the time offset (ideally only a small number of possible offsets) can be announced to the UE directly or via broadcast.

The time shift, which adapts the time frame to the target eNB, can then be determined as
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where the offset values are time intervals starting with a downlink event and ending with an uplink event. A major advantage here is that the UE can carry out this calculation before the HO, thus avoiding unnecessary interruption time. For this purpose, however, timing misalignments should be smaller than the cyclic prefix duration [1,3,4].
2.2. Instruction of the UE to use RACH-less handover
The RACH-less HO procedure in Fig. 1 is only appropriate for synchronized source and target eNBs. As UEs may not be aware of being in a synchronized network, they need to be informed to use the RACH-less HO. This can be done by the target eNB sending an explicit uplink allocation to the UE via the source eNB. We propose that the UE takes this explicit allocation as an indication that the network is synchronized, that it can calculate the new time frame by itself, and that it should place its HO_Confirm message on the allocated resources.
3. Conclusion
In case of a well-defined time relation between uplink and downlink time frames, the HO procedure can be significantly simplified for synchronized eNBs. In particular the RACH access and the signalling of the TA become dispensable. For this purpose it would be necessary to agree on one fixed time relation between uplink and downlink for a given synchronized network or on a set of fixed time relations from which one relation can be signalled to the UE directly or via broadcast. Moreover, the UE would need to be instructed to use the RACH-less HO.
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