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1 Introduction

This document document discusses handover and raises the following stage 2 level issues:
· What is the functionality of source/ target w.r.t. selection of target cell, which CC to use as PCC and which CCs to configure after handover

· What is the criterion for handover success/ failure

This contribution proposes that the source selects the target cells and selects the PCC, while the target decides which SCC to configure. Furthermore, it is proposed that the source provides measurement information to assist the target with the selection of the SCCs to configure. Finally the proposal is that successful completion of the RA procedure remains the criterion for HO success and that the RA procedure following handover with CA is always perfumed on the PCC.
2 Discussion

2.1 Selection of target cell(s) & allocation of CCs
Role of source & target upon handover with CA
Traditionally it is the source eNB that plays the central role in the network controlled mobility that applies in RRC_CONNECTED i.e. it selects the target cell and if handover to that cell does not succeed the UE performs a handover failure procedure. It is the target cell however that decides the actual configuration to be used in the target cell i.e. which radio resources.

Continuing along the traditional lines, the following kind of approach would seem most natural upon handover when CA is configured:

· the source cell selects the target cell on each CC

· the source decides which CC is to be used as PCC

· the target cell decides which frequencies to configure as SCC
Some further considerations:

· 
Obviously the source eNB has to select the target eNB(s) towards which to initiate handover preparation

· 
The handover request/required message currently includes a single target cell id. This field could be used to indicate the pCell while additional (measurement) information may be provided within the RRC container

· 
Selection of the pCell (the target cell on the PCC) by the source seems aligned with the current security procedures in particular those for X2 handover, where the source eNB provides a derived key to the target using the target cell parameters (PCI, frequency) as inputs

· 
It should be noted that RAN3 procedures do support multi-cell preparation, although this requires use of multiple handover preparation messages

· 
Our assumption is that, especially in early CA deployments, load is not the primary factor for deciding the PCC. For X2 handover there should be sufficient load information available (i.e. it need not be very precise & up to date) to decide the PCC. For S1 handover the similar information is however not available
· 
If load would be a primary factor for deciding the PCC, the PCC would change rather frequently. In such a model, a PCC change following handover should not be of any concern

· 
For SCCs, the main issue from a protocol perspective is for which cell(s) the source should provide measurement information to the target eNB. Given that the UE should always be on the best cell of the frequency, there does not seem to be a real need for the source to provide measurement information for multiple (including non-best) cells on a frequency. In the following this is represented by the statement that the source decides the target cell on each frequency.

· The actual selection of which frequency to configure as SCC is best left up to the target eNB as it may be based on several factors other than radio link quality e.g. load. Moreover, different eNBs may employ slightly different RRM strategies.

Proposal 1
The source cell selects the target cell on each frequency and decides which frequency is to be used as PCC, while the target eNB decides which frequencies to configure as SCC.

Source assistance regarding SCC configuration

Selection of which additional carriers to configure can be done in different ways:
· The source may indicate target cell on different CCs, ordered based on radio link quality

· The source not only provides the target cell on each of the different CCs, but also provides the available measurement results for the concerned cell

The target eNB may take several factors into account when deciding which frequencies to configure as SCC e.g. radio link quality, load, other. It hence seems desirable for the target eNB to receive the actual measurement result of the best cell on each frequency.
Proposal 2
The source eNB provides the measurement result of the best cell on each frequency for which measurements are available to the target eNB during handover preparation.

Handover success/ failure

According to RAN#47 there is no need to support multiple TA in REL-10. Consequently, there is no need for multiple RA procedures following handover. Consequently, seems natural to continue using the successful completion of the RA procedure as the criterion for handover success in REL-10.
Successful completion of the RA procedure need however not necessarily imply that all CCs have been established successfully. Successful handover with CA at least requires that the link to the cell on the (new) PCC is established successfully. The successful establishment of the other CCs (SCCs) does not really seem essential. Assuming we stick to using successful completion of the RA procedure as criterion, it seems desirable that the RA procedure is always performed on the PCC. This applies both for the case EUTRA provides dedicated preambles as well as for the case the UE applies common preambles.

 Proposal 3
Successful completion of the RA procedure remains the criterion for HO success. The RA procedure following handover with CA is always performed on the PCC, regardless of the preambles used (dedicated, common).

3 Conclusion & recommendation
This paper includes the following proposals, that RAN2 is requested to conclude:

Proposal 1
The source cell selects the target cell on each frequency and decides which frequency is to be used as PCC, while the target eNB decides which frequencies to configure as SCC.

Proposal 2
The source eNB provides the measurement result of the best cell on each frequency for which measurements are available to the target eNB during handover preparation.

Proposal 3
Successful completion of the RA procedure remains the criterion for HO success. The RA procedure following handover with CA is always performed on the PCC, regardless of the preambles used (dedicated, common).

If the proposals are agreeable, the stage 2 may be updated accordingly. A text proposal is included in the annex, that RAN2 is requested to review.
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5 Text proposal (Annex)

<Based on 36.300 v9.2.0>
10.1.2
Mobility Management in ECM-CONNECTED
The Intra-E-UTRAN-Access Mobility Support for UEs in ECM-CONNECTED handles all necessary steps for relocation/handover procedures, like processes that precede the final HO decision on the source network side (control and evaluation of UE and eNB measurements taking into account certain UE specific area restrictions), preparation of resources on the target network side, commanding the UE to the new radio resources and finally releasing resources on the (old) source network side. It contains mechanisms to transfer context data between evolved nodes, and to update node relations on C-plane and U-plane.
In E-UTRAN RRC_CONNECTED state, network-controlled UE-assisted handovers are performed and various DRX cycles are supported:

The UE makes measurements of attributes of the serving and neighbour cells to enable the process:

-
There is no need to indicate neighbouring cell to enable the UE to search and measure a cell i.e. E-UTRAN relies on the UE to detect the neighbouring cells;

-
For the search and measurement of inter-frequency neighbouring cells, at least the carrier frequencies need to be indicated;

-
Network signals reporting criteria for event-triggered and periodical reporting;

-
An NCL can be provided by the serving cell by RRC dedicated signalling to handle specific cases for intra- and inter-frequency neighbouring cells. This NCL contains cell specific measurement parameters (e.g. cell specific offset) for specific neighbouring cells;

-
Black lists can be provided to prevent the UE from measuring specific neighbouring cells.
Depending on whether the UE needs transmission/reception gaps to perform the relevant measurements, measurements are classified as gap assisted or non-gap assisted. A non-gap assisted measurement is a measurement on a cell that does not require transmission/reception gaps to allow the measurement to be performed. A gap assisted measurement is a measurement on a cell that does require transmission/reception gaps to allow the measurement to be performed. Gap patterns (as opposed to individual gaps) are configured and activated by RRC.
10.1.2.1
Handover

The intra E-UTRAN HO in RRC_CONNECTED state is UE assisted NW controlled HO, with HO preparation signalling in E-UTRAN:
-
Part of the HO command comes from the target eNB and is transparently forwarded to the UE by the source eNB;
-
To prepare the HO, the source eNB passes all necessary information to the target eNB (e.g. E-RAB attributes and RRC context);
-
Both the source eNB and UE keep some context (e.g. C-RNTI) to enable the return of the UE in case of HO failure;

-
UE accesses the target cell via RACH following a contention-free procedure using a dedicated RACH preamble or following a contention-based procedure if dedicated RACH preambles are not available:
-
the UE uses the dedicated preamble until the handover procedure is finished (successfully or unsuccessfully);

-
If the RACH procedure towards the target cell is not successful within a certain time, the UE initiates radio link failure recovery using the best cell;
-
No ROHC context is transferred at handover.

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 10.1.2.1.1-1: 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 decides based on one or more MEASUREMENT REPORT messages and RRM information to hand off the UE. The source selects the target cell, or in case of carrier aggregation, the target cell on each CC.
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, KeNB*, RRC context including the C-RNTI of the UE in the source eNB, AS-configuration, E-RAB 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 E-RAB context includes necessary RNL and TNL addressing information, and QoS profiles of the E-RABs. In case of carrier aggregation, the source selects which CC is used as PCC following the handover while the target eNB decides which CCs will be configured as SCC. To assist the target with the selection of SCCs, the source provides measurement information for each target cell on each CC, if available.
5
Admission Control may be performed by the target eNB dependent on the received E-RAB 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 E-RAB 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 (i.e. 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 an RRC message to perform the handover. The container includes a new C-RNTI, target eNB security algorithm identifiers for the selected security algorithms, may include 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 16 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 target eNB generates the RRC message to perform the handover, i.e RRCConnectionReconfiguration message including the mobilityControlInformation, to be sent by the source eNB towards the UE. The source eNB performs the necessary integrity protection and ciphering of the message. The UE receives the RRCConnectionReconfiguration message with necessary parameters (i.e. new C-RNTI, target eNB security algorithm identifiers, and optionally dedicated RACH preamble, target eNB SIBs, etc.) and is commanded by the source eNB to perform the HO. The UE does not need to delay the handover execution for delivering the HARQ/ARQ responses to source eNB.

8
The source eNB sends the SN STATUS TRANSFER message to the target eNB to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status of E-RABs for which PDCP status preservation applies (i.e. for RLC AM). The uplink PDCP SN receiver status includes at least the PDCP SN of the first missing UL SDU and may include a bit map of the receive status of the out of sequence UL SDUs that the UE needs to retransmit in the target cell, if there are any such SDUs. The downlink PDCP SN transmitter status indicates the next PDCP SN that the target eNB shall assign to new SDUs, not having a PDCP SN yet. The source eNB may omit sending this message if none of the E-RABs of the UE shall be treated with PDCP status preservation.

9
After receiving the RRCConnectionReconfiguration message including the mobilityControlInformation , UE performs synchronisation to target eNB and accesses the target cell via RACH, following a contention-free procedure if a dedicated RACH preamble was indicated in the mobilityControlInformation, or following a contention-based procedure if no dedicated preamble was indicated. In case of carrier aggregation, the random access procedure is always performed on the PCC regardless of whether dedicated or common preambles are used. UE derives target eNB specific keys and configures the selected security algorithms to be used in the target cell.

10
The target eNB responds with UL allocation and timing advance.

11
When the UE has successfully accessed the target cell, the UE sends the RRCConnectionReconfigurationComplete message (C-RNTI) to confirm the handover, along with an uplink Buffer Status Report, whenever possible, 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 RRCConnectionReconfigurationComplete message. The target eNB can now begin sending data to the UE.

12
The target eNB sends a PATH SWITCH message to MME to inform that the UE has changed cell.
13
The MME sends an UPDATE USER PLANE REQUEST message to the Serving Gateway.

14
The Serving Gateway switches the downlink data path to the target side. The Serving gateway sends one or more "end marker" packets on the old path to the source eNB and then can release any U-plane/TNL resources towards the source eNB.
15
Serving Gateway sends an UPDATE USER PLANE RESPONSE message to MME.

16
The MME confirms the PATH SWITCH message with the PATH SWITCH ACKNOWLEDGE message.

17
By sending UE CONTEXT RELEASE, the target eNB informs success of HO to source eNB and triggers the release of resources by the source eNB. The target eNB sends this message after the PATH SWITCH ACKNOWLEDGE message is received from the MME.

18
Upon reception of the UE CONTEXT RELEASE message, the source eNB can release radio and C-plane related resources associated to the UE context. Any ongoing data forwarding may continue.
<Based on current status of CR on introducing CA, [1]>
X.3.2
Connection Control

After RRC connection establishment to the PCC cell, the reconfiguration, addition and removal of individual CCs can be performed by RRCConnectionReconfiguration including mobilityControlInfo (i.e. “intra-cell handover”). RRCConnectionReconfiguration without mobilityControlInfo can also be used for the reconfiguration, addition and removal of individual SCCs. The usage of RRCConnectionReconfiguration without mobilityControlInfo for PCC reconfiguration is FFS.

At intra-LTE handover, the RRCConnectionReconfiguration with mobilityControlInfo (i.e. "handover command") can remove, reconfigure or add individual CCs for usage in the target cell.

NOTE:
Succesful completion of the RA procedure remains the criterion for HO success.

The combination of CA and UL bundling cannot be configured for a UE.

RRC connection re-establishment triggers at the UE include: 

1)
The failure of the DL PCC;

2)
The loss of all UL communication;

NOTE:
The conditions under which all UL communications are said to be lost are FFS.

3)
The indication from RLC that the maximum number of retransmissions has been reached (as in Rel-8).
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