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1 Introduction

In RAN 2#59 bis in Shanghai there were some discussions about UL resource allocation in target cell after handover [1]. During the discussion some companies wanted to have some more details about the UL Buffer Status Reporting during HO before reaching an agreement. In this contribution we provide more details on this.
2 Discussion 
In order to have optimized UL resource allocations in the target cell, it was considered appropriate that UL Buffer Status Report is transmitted by the UE along with the Handover Confirm Message.  This is considered necessary due to the fact that the UE was unable to perform any UL transmissions while it was trying to synchronize with the target cell that may 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. Hence we propose that the UL Buffer Status Report is transmitted along with the RRC Handover Confirm Message.
Proposal 1: At Handover, UL Buffer Status Report is transmitted along with the RRC Handover Confirm Message

Since the RLC entities are reset during HO one might think that, the buffer levels from the SDU buffer management entity within PDCP layer needs to be reported in the UL Buffer Status Report. However, in general, data packets are buffered in UE across PDCP and RLC layers and it is a UE implementation matter whether the BSR is based on the buffers in RLC or PDCP layers. In order to avoid any inconsistency in buffer status reporting we propose that the UE reports total amount of buffered data without making any distinction between RLC and PDCP [2].  
Proposal 2: UL Buffer Status Report at handover shall be based on the total amount of buffered data in the UE like the normal UL Buffer Status Report. 
To ensure that UL Buffer status report is transmitted along with the RRC Handover Confirm message, two possibilities exist.

1. UL Buffer Status Report is constructed in RRC layer and is included in the RRC Handover Confirm Message.

2. UL Buffer Status Report is constructed in the MAC layer and is appended to the RRC Handover Confirm message.

In the first option, the RRC layer will have to get the Buffer level information form U-Plane PDCP entities to construct the UL Buffer Status report. In the target eNB the UL Buffer Status report will have to be passed from RRC layer down to the MAC layer for the UL scheduler to allocate the resources. This option thus requires passing the information back and forth across the layers.
In the second option, the MAC layer can get the Buffer level information form upper layers  to construct the UL Buffer Status report that will be appended to the RRC Handover Confirm Message. In the target eNB, the UL Buffer Status report can be stripped and Handover Confirm message be passed on to the RRC layer. 
Considering these aspects we feel that option 2 requires no special mechanism in addition to usual UL Buffer Status Reporting mechanism and should be adopted.
Proposal 3: UL Buffer Status Report is constructed MAC layer in the usual way and shall be appended to the RRC Handover Confirm Message. 
Further the radio conditions in the target cell is expected to be better than source cell at the time of handover hence we see no problem with regards to the size of the transport block containing the RRC Handover Confirm Message and the UL Buffer Status Report.
3 Conclusions

In this paper we take a detailed look at the UL Buffer Status reporting mechanism at HO and suggest that a usual handling of UL Buffer status report applies during Handover for appropriate UL resource allocation in the target cell. 

Proposal 1: At Handover, UL Buffer Status Report is transmitted along with the RRC Handover Confirm Message

Proposal 2: UL Buffer Status Report at handover shall be based on the total amount of buffered data in the UE like the normal UL Buffer Status Report. 

Proposal 3: UL Buffer Status Report is constructed MAC layer in the usual way and shall be appended to the RRC Handover Confirm Message. 

It is proposed to capture the important points from the discussion and include it in TS 36.300 specification form this paper. Text proposal for Stage 2 is given below.
4 Text Proposal for 36.300

 Unchanged Sections Removed
10.1.2.1.1
C-plane handling

The HO procedure is performed without EPC involvement, i.e. preparation messages are directly exchanged between the eNBs. The release of the resources at the source side during the HO completion phase is triggered by the eNB. The figure below depicts the basic handover scenario where neither MME nor Serving Gateway changes:
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Figure 10.1.2.1: Intra-MME/Serving Gateway HO

Below is a more detailed description of the intra-MME/Serving Gateway HO procedure:

0
The UE context within the source eNB contains information regarding roaming restrictions which where provided either at connection establishment or at the last TA update.

1
The source eNB configures the UE measurement procedures according to the area restriction information. Measurements provided by the source eNB may assist the function controlling the UE's connection mobility.

2
UE is triggered to send MEASUREMENT REPORT by the rules set by i.e. system information, specification etc. 

3
Source eNB makes decision based on MEASUREMENT REPORT and RRM information to hand off UE.

4
The source eNB issues a HANDOVER REQUEST message to the target eNB passing necessary information to prepare the HO at the target side (UE X2 signalling context reference at source eNB, UE S1 EPC signalling context reference, target cell ID, RRC context including the C-RNTI of the UE in the source eNB, AS-configuration (excluding physical layer configuration) , EPS bearer context and physical layer ID of the source cell + MAC for possible RLF recovery). UE X2 / UE S1 signalling references enable the target eNB to address the source eNB and the EPC. The EPS bearer context includes necessary RNL and TNL addressing information. It is FFS if the EPS bearer context includes theQoS profiles of the EPS bearers.

5
Admission Control may be performed by the target eNB dependent on the received EPS bearer QoS information to increase the likelihood of a successful HO, if the resources can be granted by target eNB. The target eNB configures the required resources according to the received EPS bearer QoS information and reserves a C-RNTI and optionally a RACH preamble. The AS-configuration to be used in the target cell can either be specified independently (i.e. an “establishment”) or as a delta compared to the AS-configuration used in the source cell (ie. A “reconfiguration”).
6
Target eNB prepares HO with L1/L2 and sends the HANDOVER REQUEST ACKNOWLEDGE to the source eNB. The HANDOVER REQUEST ACKNOWLEDGE message includes a transparent container to be sent to the UE as part of the Handover Command. The container may include a new C-RNTI, a dedicated RACH preamble and possibly some other parameters i.e. access parameters, SIBs, etc. The HANDOVER REQUEST ACKNOWLEDGE message may also include RNL/TNL information for the forwarding tunnels, if necessary.
NOTE:
As soon as the source eNB receives the HANDOVER REQUEST ACKNOWLEDGE, or as soon as the transmission of the handover command is initiated in the downlink, data forwarding may be initiated.
Steps 7 to 15 provide means to avoid data loss during HO and are further detailed in 10.1.2.1.2 and 10.1.2.3.

7
The source eNB generates the HANDOVER COMMAND (RRC message) towards the UE. The HANDOVER COMMAND includes the transparent container, which has been received from the target eNB. The source eNodeB performs the necessary integrity protection and ciphering of the message. The UE receives the HANDOVER COMMAND with necessary parameters (i.e. new C-RNTI, dedicated RACH preamble, possible starting time, target eNB SIBs etc) and is commanded by the source eNB to perform the HO.

8
After expiry of starting time if provided in HANDOVER COMMAND or after receiving the HANDOVER COMMAND otherwise, UE performs synchronisation to target eNB and  accesses the target cell via RACH following a contention-free procedure if a dedicated RACH preamble was allocated in HANDOVER COMMAND or following a contention-based procedure if no dedicated preamble was allocated. 

9
Network responds with UL allocation and timing advance. 

10
When the UE has successfully accessed the target cell, the UE sends the HANDOVER CONFIRM message (C-RNTI) including the appended UL Buffer Status Report to the target eNB to indicate that the handover procedure is completed for the UE. The target eNB verifies the C-RNTI sent in the HANDOVER CONFIRM message. The target eNB can now begin sending data to the UE. Based on further optimizations, the downlink data transmission can begin as early as after step 8 (FFS).

11
The target eNB sends a HANDOVER COMPLETE message to MME to inform that the UE has changed cell.
12
The MME sends a USER PLANE UPDATE REQUEST message to the Serving Gateway.

13
The Serving Gateway switches the downlink data path to the target side and can release any U-plane/TNL resources towards the source eNB.
14
Serving Gateway sends a USER PLANE UPDATE RESPONSE message to MME.

15
The MME confirms the HANDOVER COMPLETE message with the HANDOVER COMPLETE ACK message.

16
By sending RELEASE RESOURCE the target eNB informs success of HO to source eNB and triggers the release of resources. The timing for the target eNB to send this message between steps 10 and 15 is FFS.

17
Upon reception of the RELEASE RESOURCE message, the source eNB can release radio and C-plane related resources associated to the UE context. 

NOTE:
Details on updating of roaming/area restriction information within E-UTRAN in the course of the HO procedure are FFS

Unchanged Sections Removed
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