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1. Introduction

Compared to legacy mobile communication systems, in LTE the handover procedure will be, among others, subject to complexity reduction to a large extent. On the other hand, the overall consensus was reached to reduce the latency and to design the LTE system as efficient as possible. With the presented enhancement, the handover interruption time can be further reduced without changing the procedure specified in the current 3GPP TR 25.912 [1].

2. Discussion

The flow for intra-LTE mobility support, which is based on forwarding of user data during handover execution, is described in [1]. Figure 1 illustrates a more detailed flow wrt interruption time of downlink and uplink data, which will be discussed in the following.

The method for synchronisation to the target eNodeB when the UE performs measurements of other radio cells is to listen for predefined resources, such as pilot symbols, synchronisation channel(s), SCH and broadcast channel(s), BCH. As soon as a predefined pattern is found, the UE is synchronised with the target eNodeB in downlink direction.

During handover, the basic synchronisation from the measurement phase is still available but the timing advance for the uplink towards the target eNodeB is not yet known. Thus UE and target eNodeB exchange corresponding signalling information to evaluate the timing advance. To complete the handover, the UE sends an initial message "HO Complete" within the random access channel, RACH towards the target eNodeB.

Only after the reception of the "HO Complete" message the target eNodeB can send first downlink data to the UE, which terminates the interruption time of downlink data. Whereas the interruption time of uplink data is much longer, because the UE can send first data only after the reception of the "HO Complete ACK" message.
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Figure 1: Flow for intra-LTE mobility support

The above mentioned method for the handover execution phase can be improved wrt interruption time by the following mechanism, which describes at first a procedure for downlink data.

The uplink feedback associated to the downlink data transmission at the target eNodeB can be used as an indication of the presence of the UE. Instead of waiting for the arrival of the UE, the target eNodeB can already schedule the UE and thus sends out user data as soon as the target eNodeB expects the arrival of the UE. The new identification (i.e. address assigned to the UE) in the target eNodeB is already transferred to the source eNodeB during the preparation phase, which in turn passes on this information to the UE within the "HO Command" message. Within the target eNodeB, the MAC layer is completely informed by the Radio Resource Control about the upcoming handover. Interlayer communication will be used for this purpose. To reduce the probability of using downlink resources for a not yet present UE, it is beneficial to define the time offset between handover preparation and handover performance within reasonable limits.

As the target eNodeB does not yet know about the real radio conditions, it should send the data with a robust modulation and coding scheme. Transmission of the user data can either be performed by corresponding announcement in the downlink control channel or within predefined radio resources. By detection of the corresponding feedback signal (usually an ACK or NACK), the target eNodeB can implicitly know if the UE is already present. Then the target eNodeB receives an ACK or NACK with a certain signal strength. When the UE is not already synchronised, the target eNodeB will not receive anything, although it will try to demodulate and decode the expected feedback signal. The receiver might interpret the noise as ACK or NACK by chance but the signal strength would be very low in this case. Hence, both unsuccessful feedback reception or any feedback reception with a very low signal strength are interpreted as "UE not yet present". This information is passed in the target eNodeB internally by interlayer communication means from the MAC layer towards the Radio Resource Control thus no standardisation is needed for this indication. Therefore, also the currently required dedicated indication by the use of a "HO Complete" message sent from the UE to the target eNodeB is not needed. However this cannot be precluded, because if there are no data available during the execution phase the handover procedure works as previously defined in [1]. The virtual handover interruption time would be the same as without the proposed enhancement in this case, but as there is no user data affected, it will not be a real interruption time.

Finally, the target eNodeB announces downlink resources and sends out scheduled user data on these resources for the incoming UE as soon as it expects the UE being ready for the reception. The UE can then receive the user data on these resources. Uplink resources for radio channel quality reporting or HARQ feedback can either be explicitly announced by the target eNodeB or can be predefined.

A similar improvement wrt interruption time can be achieved in uplink direction. In this case either timing advance is evaluated by the target eNodeB, which exchanges timing information with the source eNodeB during the preparation phase, or if the eNodeBs are synchronised, the UE can evaluate the timing advance for the target eNodeB autonomously. The uplink resources may be predefined or also sent (e.g. together with the timing advance) from the target eNodeB via the source eNodeB to the UE during the handover preparation phase.

Therefore, much shorter interruption times can be achieved for downlink and uplink data during handover with the proposed method, which is depicted in figure 2.
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Figure 2: Flow for intra-LTE mobility support with improved interruption times

Some alternative procedures are described in the following:

· Instead of using the UL-SCH for uplink feedback, i.e. ACK/NACK indications, the UE sends this information via the RACH channel as long as it did not yet receive any timing advance value from the target eNodeB. 

· As long as no timing advance value exists in the target eNodeB, it assigns uplink resources in a way that it can receive the uplink transmission even without exact timing relation between downlink and uplink. Resources are assigned for a longer period of time, i.e. maximum duration for the transmission plus maximum propagation delay.

· During the "HO Response" message from the target eNodeB to the source eNodeB, the target eNodeB can already indicate some downlink and/or uplink resources within which the first user data will be scheduled for the newly arriving UE. The source eNodeB sends this resource information to the UE within the "HO Command" message. The UE can now listen to these resources for data reception directly without necessity for demodulation and decoding of any announcement, i.e. downlink signalling. The announcement may however still be sent out from the target eNodeB.

· The amount of downlink resources assigned to an "incoming" UE for the above mentioned synchronisation purpose depends on the current load situation of the target eNodeB. However the amount of resources should be kept low until the actual radio condition is available in the target eNodeB.

· To increase the efficiency of the first transmission of user data, the source eNodeB can send the measurement report of the UE to the target eNodeB during the preparation phase, e.g. within the "HO Request" message. Then the target eNodeB can select the radio resources with best expected quality and apply a less robust modulation and coding scheme, fitting the radio conditions better than without this information.

The benefits of the proposed handover scheme are:

· Initial access during handover is already used for data transmission, thus the delay for user data is kept to a minimum, i.e. the handover interruption time is reduced.

· Efficient use of uplink resources because less uplink resources are reserved.

· Control overhead for the initial access is very low because the initial message from the UE to the eNodeB is obsolete.

3. Conclusion

We propose to discuss the above mentioned enhancements within RAN2 and to adopt the agreed parts into the current RAN2 technical documentation. 
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