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1 Introduction

The signaling sequence for the intra-LTE handover procedure has been captured in TS 36.300, however the specifics on resource allocations in the target cell have not yet been addressed in detail. In this contribution we address some further details on the UL resource allocation in the target cell after Handover and handling of UL buffer status report.
2 Discussion 
Studying a “typical” signalling flow for mobility, we can see that the handover procedure consist of the following: radio conditions are changing, UE sends a measurement report, the network takes a decision and prepares the target cell, the network commands the UE to change cell, the UE reconfigures L1 and synchronizes to the target cell, data is transmitted and received in the target cell and resources in the source cell are released.
The signalling flow for the control plane that was agreed for inter eNodeB handover procedure is recapitulated and is taken as the basis for further discussion. The description from draft Stage 2 TS for the signalling sequence is also included.  
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Below is more detailed description of the intra-MME/UPE HO procedure:

1
UE is triggered to send MEASUREMENT REPORT by the rules set by i.e. system information, specification etc. 

2
Source eNB makes decision based on MEASUREMENT REPORT and RRM information to hand off UE. The eNB prepares target eNB for handover and passes relevant information in the Handover Request. Relevant information includes the QoS profiles of the SAE bearers and possibly the AS configurations of these bearers (FFS).

3
Target eNB prepares HO with L1/L2 and responds to source eNB by providing new C-RNTI and possibly some other parameters i.e. access parameters, SIBs, etc.  After reception of accepted preparation of HO, source eNB starts forwarding data packets to target eNB.

4
UE receives HANDOVER COMMAND with necessary parameters i.e. new C-RNTI, possible starting time, target eNB SIBs etc. It is probable that UE needs to acknowledge reception of the HO COMMAND with RLC acknowledgment procedure.

5
After expiry of starting time in HO COMMAND, UE performs synchronisation to target eNB and then starts acquiring UL timing advance. 

6
Network responds with UL allocation and timing advance.  These are used by UE to send HANDOVER CONFIRM to the target eNB, which completes handover procedure for the UE. It is probable that NW needs to acknowledge reception of the HO CONFIRM with RLC acknowledgment procedure.

7a
Target eNB informs success of HO to source eNB, which can then clear already forwarded data from its buffers. Source eNB still continues forwarding UE data if it has some in its buffers or if UPE still forwards data to it.

7b
UE location information is updated to MME/UPE in order to enable UPE to forward packets directly to target eNB 

2.1 Detailed look at Handover Execution procedure
The handover execution phase begins in the UE on receiving the RRC Handover Command in step 4 form the source eNodeB.  On receiving the Handover Command the UE shall stop the UL transmission, start buffering the UL packets, detach from the old cell and shall attempt to synchronisation to target cell in Step 5.  
After the UE attains UL synchronisation, eNodeB will respond with UL allocation for sending Handover Confirm message. The UE shall send the Handover Complete Message in Step 6 which will complete the HO procedure in UE.
After the reception of Handover Complete Message in the target eNode B, it shall appropriately allocate the resources for DL-U plane data based on the status of DL buffers and the QoS parameters received from source eNodeB.  However for the UL-U plane data, the target eNodeB could allocate resources based on a guess of the buffer status in the UL within UE and the QoS parameters. Such UL- U plane resource allocations within the target cell immediately after HO would be suboptimal considering the fact that the UE was unable to perform any UL transmissions while it was trying to synchronize with the target cell. This can cause large amount of UL data packets to be buffered within the UE during the Hand over execution phase and the buffers levels need to be quickly brought down by allocating the sufficient amount of resources for UL- U plane data in the target cell.  

Although the handover execution procedure described above is for inter eNB hand over scenarios, it is equally applicable for the intra eNB handover as far as the scheduling and resource allocation in UL is concerned.

2.2 Resource Allocation in UL after HO
Considering the above aspects, it is necessary that the appropriate amount of UL resources for U-plane data is allocated in the target cell immediately after handover execution phase. Possible ways of achieving this is to have either a two step approach or a one step approach described below:
Two Step Approach

Step 1: Initially UL Resources are allocated in the target cell based on the last buffer status report sent by the UE in the source cell and the QoS parameters.

Step 2: UE shall subsequently request additional UL resources subsequently by sending UL buffer Status report to bring down the increased buffer levels due to pause in UL transmission. .

One Step Approach

Step 1: UE sends the UL buffer status report along with the Handover Complete Message and the eNB allocates the UL resources accordingly.

On comparing the two approaches, we believe that one step approaches has significant advantages over the two step approach
With one step approach we see the following advantages
1. For Inter eNodeB HO, source eNodeB doesn’t need to store the most recent UL buffer status report for each UE and transfer it to the target eNode B during inter eNode B handover.  This would result in reduced memory requirements and reduction of signaling load on X2 interface. 
2. Similarly for intra eNB handover, the buffer status report doesn’t have to be stored and transferred from the source to target cell UL scheduling entity.

3. Because an accurate allocation of the uplink resources is performed immediately after handover, there is no need for the UE to request more resources, resulting in lower L2 signalling overhead.

3 Conclusions

In this paper we take a detailed look at the handover execution phase and suggest a handling of UL Buffer status report and UL resource allocation in the target cell. 

At the beginning of Handover execution phase, (i.e. on reception of Handover Command) the UE stops the UL transmissions and attempts to synchronize with the target cell. The buffers in the UE would keep accumulating the data packets till the UE receives the UL grants after the HO in the target cell. It is necessary that the Network accurately allocates the UL resources in the target cell such that increased buffer levels due to the pause in UL transmission are brought down quickly.   
In order to have optimized UL resource allocations in the target cell, we propose that the UL Buffer Status Report is transmitted by the UE along with the Hand over Complete Message. This would eliminate the need for the storing the most recent UL Buffer status report and transferring it to the target cell/eNodeB MAC entity during handovers. 
It is proposed to capture the important points from the discussion and include it in TS 36.300 form this paper as described in the text proposal in [1].
4 Reference:
[1] R2-070657 Text Proposal for Intra-LTE Handover
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