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1. Introduction 
Coordinated multi-point (CoMP) transmission/reception is considered for LTE-Advanced as a tool to improve the coverage of high data rates, the cell-edge throughput and/or to increase system throughput. As shown in the performance studies in [1] - [3], DL CoMP provides substantial improvement in cell spectral efficiency and cell-edge spectral efficiency.
The agreed upon CoMP schemes in RAN1 are captured in 3GPP TR 36.814 [4], which describes the various CoMP transmission and feedback schemes as well as the notion of CoMP sets. The introduction of CoMP inherently requires the support of inter-cell/eNB coordination. Among the various CoMP transmission schemes, the joint processing (JP) scheme described in [4] requires data to be available at each point of the CoMP cooperating set and data is sent to the UE from one or multiple points in the CoMP cooperating set. CoMP transmission can therefore be readily used to enhance the performance during handover. This contribution focuses on how DL CoMP transmission can be efficiently used to reduce data loss and radio link failure during the handover procedure.  
2. Rel-8 Handover Procedure
In release 8, when the signal quality degradation with respect to a UE is detected, E-UTRAN may initiate hand-over procedure by sending an RRC reconfiguration message, including the mobility parameters, to the UE. Based on the RRC reconfiguration message size and channel quality, there is high probability that the UE may fail to decode this message correctly, resulting in radio link failure (RLF). In case of RLF, the UE may try to access the network through the eNB of its preference. This may result in an increase in packet loss/data interruption time, etc. One way to avoid this problem is to improve the probability of successful reception of the RRC reconfiguration message at the UE.  This can be done by improving the signal quality by enabling DL CoMP transmission before initiating handover.

Furthermore, before the UE is instructed to move to a new eNB, the QoS degradation and probability of RLF is very high. DL CoMP transmission can be used to avoid these situations. By limiting the number of retransmissions and freeing up the resources, the overall spectral efficiency can be improved. The aforementioned problems may exist immediately after the UE is moved to the new eNB.

3. Enhanced Handover by Enabling DL CoMP Transmission  

As illustrated in Figure 1, when a UE is moving from the serving cell of eNB1 to a target cell in eNB2, the signal quality with respect to the serving cell (Ra) degrades gradually and the signal quality with respect to the target cell, Rc, improves. For example, as shown in Figure 1, the UE could start measuring the receive signal quality with respect to neighbouring cells when the signal quality with respect to the serving cell reaches below a threshold, A.  Then when the signal quality reaches below threshold B, the UE could start reporting to its serving cell the signal quality measurements with respect to the neighbouring cells either periodically or based on a preconfigured event. . The parameters A and B and the reporting event are configured by the network and are informed to the UE a priori during RRC configuration.  The serving cell may then initiate the CoMP data transmission once the difference between the signal quality parameters with respect to the neighbouring cell is within C dB from the signal quality parameter with respect to the serving cell. 

When the signal quality with respect to the serving cell is D dB (D < C) below the signal quality with respect to one of the members of the CoMP cooperating set and/or the signal quality with respect to one or more of the neighbouring cells is greater than an advertised threshold value, the serving cell may then send an RRC reconfiguration message with mobility parameters to the UE.  The serving cell also transfers the cell specific UE context to the other cell.  

When the handover is initiated, the UE could still continue to receive data concurrently from the serving cell and the target cell using CoMP transmission. As shown in Figure 1, initially the S1-U is between the SGW and eNB-1 (indicated as 1). When the CoMP mode is initiated, the data forwarding path X2-U is established between eNB-1 and eNB-2 (indicated as 2).  The data forwarding is performed at the MAC PDU level.  Once the anchor functionality is switched to eNB-2, the data is still forwarded, however at the PDCP SDU packet level (path 3). Eventually, the data path may be switched to eNB-2 (path 4).

Figure 2 shows an example of how signalling and data flow might happen during the CoMP mobility.  This example applies to CoMP transmission with joint processing.

1
An LTE-A UE is triggered to send a MEASUREMENT REPORT by the rules set by the system information, specification etc. 

2
Source eNB makes decision based on MEASUREMENT REPORT to initiate DL CoMP transmission for the UE.

3
Source eNB initiates the required backhaul handshake signalling with the cooperating eNBs. Data packets received from the SGW are encrypted, segmented and scheduled for the transmission to the UE. The MAC PDUs with the scheduling information are sent to the cooperating eNBs over the backhaul. The data is transmitted to the UE concurrently from the serving and the cooperating eNBs using the same resource elements. The data transmitted by the cooperating eNBs may be encoded different from the encoding employed by the serving eNB. 
4
UE is triggered to send MEASUREMENT REPORT by the rules set by the system information, specification etc. 

5
Source eNB makes decision based on MEASUREMENT REPORT to handover the UE to another eNB (which is one of candidate cooperating eNBs).
6
The source eNB issues a HANDOVER REQUEST message to the target eNB passing necessary information to prepare the HO at the target side 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").
7
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. 
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.
8
The source eNB performs the necessary integrity protection and ciphering of the message. After the scheduling decision is made, the optionally fragmented MAC PDUs are forwarded to the target eNB. The serving eNB also sends the scheduling information of the RRC reconfiguration message to the target eNB. 
9
The serving eNB and the target eNB transmit the RRC reconfiguration message concurrently to the UE using the same resource elements. The data transmitted by the cooperating eNBs may be encoded different from the encoding employed by the serving eNB. This concurrent transmission from both the serving and the target eNB improves the chances of successful reception of rhe RRC reconfiguration message at the UE. After sending the RRC reconfiguration message, the serving and target eNBs keep transmitting the downlink data packets to the UE concurrently. The MAC PDUs and the corresponding scheduling information are sent to the target eNB. The serving eNB makes the scheduling decision considering the backhaul delay. The serving eNB shall give theUE the opportunity to perform RACH procedure at the target eNB while scheduling the data packets. 
10
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. UE derives target eNB specific keys and configures the selected security algorithms to be used in the target cell. 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 still keeps sending data to the UE following the scheduling decisions made by the serving eNB.
12
The target eNB sends a PATH SWITCH message to MME to inform that the UE has changed cells. The MME sends an UPDATE USER PLANE REQUEST message to the Serving Gateway. 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. Serving Gateway sends an UPDATE USER PLANE RESPONSE message to MME. The MME confirms the PATH SWITCH message with the PATH SWITCH ACKNOWLEDGE message. The target eNB starts making the scheduling decisions on the new packets received for this point. The old serving eNB takes the role of a cooperating eNB.
13
By sending UE CONTEXT RELEASE, the target eNB informs success of HO to source eNB. The target eNB sends this message after the PATH SWITCH ACKNOWLEDGE message is received from the MME.
14
The new serving eNB may make a decision to end CoMP transmission when the UE measurement reports satisfy the CoMP disable condition.
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Figure 1 Example HO scenario with DL CoMP transmission
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Figure 2 A HO procedure for DL CoMP transmission with joint processing

4. Conclusions

In this contribution, we discussed how the handover procedure can be enhanced to reduce radio link failure and data interruption, in the case when CoMP transmission is supported.  As CoMP is considered to be an important technique for achieving the performance requirements of IMT-Advanced [1]

 REF _Ref237452736 \r \h 
[2]

 REF _Ref237452866 \r \h 
[3], the various RAN2 aspects required to support CoMP should be studied and fully leveraged. We therefore recommend RAN2 consider the enhancement in the handover procedure when CoMP is supported.
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