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1. Introduction

“Study on Latency reduction techniques for LTE” study item was started in the last RAN2 meeting. The SI has the following objectives:

· Study enhancements to the E-UTRAN radio system in order to: 

· Significantly reduce the packet data latency over the LTE Uu air interface for an active UE

· Significantly reduce the packet data transport round trip latency for UEs that have been inactive for a longer period (in connected state).  

Additionally, the latency reduction related to the protocol enhancement was set out as an objective of the SI. R2-152443 proposed that the reduction of data interruption time during handover should be considered as a potential area of the study. We also believe that reduction of handover interruption could be considered under this study item. In this paper we provide our views on approaches to take into account in study of handover interruption reduction techniques.
2. Discussion

Legacy LTE handover is based on the principle that “break-before-make”. After receiving and processing of the HO command, the UE stops the communication to the source cell and starts acquiring synchronization to the target cell based on the new configuration received in the HO command message. Cell synchronization takes some times. For the UE communication to start with the target cell, the target cell is required to identify the UE arrival in the target cell. This is normally performed through the use of contention free random access to the target cell in order to speed up the procedure. The network may transmit data towards the UE even after sending the HO command. The UE maintains the communication towards the source cell until the HO command is processed at the UE.
Because of the break before make HO procedure, there could be cease of data communication between the UE and the network during break of the communication with the source cell and making the communication with the target cell. This time is corresponds to the user plane interruption seen by the end users. 

In order to minimise the user plane interruption, the break and make time between the source and the target cell communication needs to be minimized. 
Observation 1: The user plane interruption can be minimised by reducing the time between the break of communication with the source cell and make of communication with the target cell during HO.

The user plane interruption is resulted due to that there is a break in communication between the UE and the network during the HO execution. If the UE is allowed to communicate with the source cell up until the connection is made with the target cell, the user plane interruption can be minimised. According to the legacy HO procedure, the source cell performs communication with the UE after the transmitting the HO command. And the UE is not required to communicate with the source cell after the processing of HO command.  
If however, the UE is allowed to continue communication with the source cell until the UE has access to the target cell, the user plane interruption can be minimised.

Proposal 1: In order to minimise user plane interruption during HO, it is proposed to allow the UE to continue communication with the source cell up until the access is made with the target cell.

For UL transmission, the UE can stop the UL transmission when it makes attempt to access the target cell. For DL, the source cell should be aware when to stop the DL transmission to the UE. Otherwise, the source cell may assign resources to the UE while it has already moved to the target cell which result in waste of source cell radio resources.  There are a number of different ways to provide the UE when to stop the communication with the source cell and access the target cell.
1). Use of next PRACH occasion of the target cell

2). Use of next D-SR occasion of the target cell

3). Use of SFN time provided to the UE with HO command

According to the legacy HO procedure, the UE access the target cell by transmitting RACH preamble to gain UL synchronisation to the target cell. Following the same concept, PRACH instances of the target cell can be taken as the time for HO execution. PRACH (including dedicated preamble) configuration of the target cell is included in the HO command. The UE performs communication with the source cell until the next determined PRACH instances of the target cell. At the next PRACH instances, the UE performs RACH procedure towards the target cell. Note that the network nodes are not required to be time synchronised for this procedure to work. The source cell however needs to know of the DL timing of the target cell as well as the PRACH configuration of the target cell. if the cells are time synchronised, the source and target use the same DL timing. The source cell is required to continue the communication with the UE until the next PRACH occasion of the target cell or until the UE has stopped the communication with the source cell. The later can be identified due to the lack of UE transmission of UL signalling.
If the cells are synchronised, the D-SR can be used as a point of HO execution and access to the target cell. D-SR configuration which to be used in the target cell is also provided in the HO command. Until the next available D-SR the UE monitors the channels from source cell and also performs UL transmission such as SRS, CQI towards the source cell. The UE stops the communication to the source cell and prepares the D-SR transmission towards the target cell at the next available D-SR of the target cell. This requires the UE to be DL synch with the target cell. Therefore, the UE is required to gain DL synchronization to the target cell prior to the next D-SR. Note that the next available D-SR is loosely defined as it is determined by the UE. if the HO command is delayed due to retransmission or other reason, the UE determines the next available D-SR based on the time the UE process the HO command. The UE performs D-SR towards the target cell and monitors PDCCH of the target cell for the UL grant. When the UL grant is received, the UE transmits HO command complete message to the target cell. The source cell is required to continue the communication with the UE until the next D-SR of the target cell or until the UE has stopped the communication with the source cell. The later can be identified due to the lack of UE transmission of UL signalling.

Another solution as proposed in R2-15xxxx is to use SFN based synchronous handover. Where the source and target cells are time synchronised. The UE is provided with an exact time instance (e.g. using SFN) when the UE starts executing the handover from the source cell to the target cell. The time instance is sent in the HO command message. Upon reception of the HO command, the UE executes the HO at the time indicated in the HO command. In order to speed up the procedure Random access can be skipped and the UE assumes or derives the UL timing advanced to the target cell considering the network synchronization. 
Proposal 2: enhanced HO solutions based on next PRACH, next D-SR opportunity of the target cell and absolute time (SFN) are requested to be captured in the TR.

The methods based on the next PRACH opportunity of the target cell follows the legacy HO procedure with the modification that the UE is required to continue communication on the source cell until the access attempt on the target cell. The method based on D-SR follows similar procedure. Specification impacts from these two methods are expected to be small. Moreover, the legacy error handling procedure if reaching the maximum SR transmission or RACH failure can also be used for the methods based on next PRACH and D-SR based methods. Similar to the legacy HO procedure, there are multiple opportunities for accessing the target cell.

SFN based method, however, can be understood as “activation time” concept. The use of activation time is troublesome due to that it is difficult to manage the error cases. Therefore, concept of activation time has been avoided in LTE procedures so far.  At the exact time instances provided via SFN, the UE listens to the target cell. The target cell provides scheduling grant to the UE at or after the SFN indicated for the HO execution (in the HO command). Both the UE and the target cell should be aware of the SFN where the UE executes the HO from source cell to the target cell. The assigned SFN for HO execution should be caret for possible HO command HARQ re-transmission, radio transmission latency and the backhaul link latency. Even if the HO command is received by the UE in the first instances, the UE needs to wait until the assigned SFN. Given that HO may be performed due to degrading radio quality of the source cell, the UE access to the target cell should performed as soon as possible. SFN based method is lack of the UE immediate access to the target cell. Therefore, out of the three solutions, target cell PRACH or D-SR based methods are preferable over SFN based method.

Proposal 3: target cell PRACH or D-SR based methods are preferable over SFN based method because of the immediate target cell access opportunity upon the reception of the HO command.

3. Conclusion

In this contribution, we have discussed support of enhanced HO procedure for reduced user plane interruption. The following observation and proposals were made.

Observation 1: The user plane interruption can be minimised by reducing the time between the break of communication with the source cell and make of communication with the target cell during HO.

Proposal 1: In order to minimise user plane interruption during HO, it is proposed to allow the UE to continue communication with the source cell up until the access is made with the target cell.

Proposal 2: enhanced HO solutions based on next PRACH, next D-SR opportunity of the target cell and absolute time (SFN) are requested to be captured in the TR.

Proposal 3: target cell PRACH or D-SR based methods are preferable over SFN based method because of the immediate target cell access opportunity upon the reception of the HO command.
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