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1. Introduction

The following signalling flow was proposed by 3GPP LTE for the control plane signalling, however how that coordinates with context transfer and with data forwarding in the user plane is not yet addressed. 
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Figure 1 Information flow for Intra-LTE-Access Mobility Support (Source R3-060516)
There are two options for AGW (UPE) data path switching from source eNode B to target eNode B. First option is the early data path switching. Once the HO command is sent to the UE the UPE switches the data path from source to target eNodeB. However, it is not clear to us what will trigger the UPE to switch the data path in this case, since the UPE does not have the knowledge about the handover before it receives the HO Complete message. The second option is the late data path switching, where the UPE switches the data path after the handover procedure is completed and the MME/UPE receives the HO Complete ACK message.

Pros of early data path switch are that it guarantees that data will be buffered in the source eNode B until the UE is moved to the target eNode B and handover is performed successfully. 
Pros of late data path switch is that in case of handover failure it is easier to revert back to the source eNode B. Additionally, the source eNode B can keep data transmission on the source eNode B until UE leaves the source eNode B. Finally data will be less delayed, since source eNode B can keep sending data on the source eNode B until UE leaves the source eNode B. is not delayed in the target eNodeB. 
Additionally, source eNode B may choose to stop data transmission on the downlink after the HO decision is made to guarantee lossless data handling. This can result in three alternatives
· Stopping data transmission in UL and DL: In this scenario, source eNode B commands UE to stop data transmission in the UL once the handover decision is made by the eNode B. In this case, data exchange in the uplink and downlink will be stopped until the handover procedure is completed and the UE is synchronized on the target eNode B. 

· Stopping data transmission in DL only: In this scenario, source eNode B will stop data transmission in the downlink but the UE will keep transmitting data in the uplink until it leaves source eNode B. 
· Contentious data transmission: Data transmission continues in uplink and downlink until UE leaves source eNode B. 
Stopping data transmission on the source eNode B guarantees lossless data handling and it makes it easier for the eNode B to synchronize the data transmission status between source and target data eNode B. However, this approach would introduce delay for data traffic if the handover execution takes long time. 
Finally, in terms of data forwarding, the source eNode B can forward only RLC SDUs (PDCP PDUs) or RLC SDUs plus RLC PDUs. Either option SDU or SDU/PDU can be supported in any of these options
Consequently, the following options for lossless handover can be envisioned:
2. Early Stop of Data Transmission on Source ENode B
This section describes the case when eNode B commands UE to stop data transmission once the HO decision is made. Consequently, data transmission will stop in uplink and downlink once the handover decision is made.
2.1. Late Switch of Data Path to AGW (UPE)
This option highlights the case when the UPE’s data path switch from source to target eNodeB is performed at the end of the handover procedure when the HO complete message is sent to the UPE. The signalling flow can be summarized as follows:
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Figure 2 Stopping data in the Uplink and Downlink through explicit signaling (late data path switch) 

1. ….
2. ….
3. Based on measurement results from the UE and the source eNodeB, probably assisted by additional RRM specific information, the source eNodeB decides to handover the UE to a cell controlled by the target eNodeB.

a. In step (3a), in case the RLC PDU will be forwarded from source eNode B to target eNode B, source eNodeB may configure the lower layers to get more status reports from UE. This will help the network in getting more frequent updates about which packets have been received by the UE and which ones are not. In case, a packet is received out of order the network will be aware of as soon as possible and when the context is transferred to the target eNode B it will be the most updated one Below an example demonstrating the benefit of getting more frequent status report. In this example, if the source does not provide PDU control information but is able to indicate to the target till which octet in the SDU it received without gaps (octet corresponds to PDU1 in SDU1 and PDU5 in SDU2) then the target will retransmit from PDU 3 to PDU 7 in SDU1 and PDU7 only in SDU2.

b. Optionally, source eNodeB can order UE to stop data transmission in the uplink. This message can also contain the UL RLC context report, which has information about the RLC SDU (or RLC PDU and SDU) receiving status from the UE.  

c. UE will respond with the DL RLC context report, which may contain information about the RLC SDU (or RLC PDU and SDU) receiving status from the network.  
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4. The source eNodeB issues a HO Request to the target eNodeB passing necessary information to prepare the HO at the target side. The target eNodeB configures the required resources.

5. ….
6. ….
7. The UE is commanded by the source eNodeB entity to perform the HO.

a. Source eNodeB starts forwarding data to target eNodeB. A copy of all forwarded packets will be kept in the buffer of source eNodeB until resources are released on the source eNode B (i.e. at step 11) 

b. Target eNodeB buffers data in downlink until UE is switched to the target eNode B and ready to receive data

Note: In the uplink, one option can be that the source eNodeB is sending the RLC SDU in the uplink to the UPE until the handover is completed or the source eNodeB can forward the traffic in the uplink starting from step 7a

The UE is commanded by the source eNodeB entity to perform the HO.

8. ….
9. ….
10. HO complete and switching data path

a. HO complete message is sent to the MME/UPE to inform it that the UE’s data path has to be switched to the target side and TNL resources towards the source side can be released.

b. UPE switches the data path

c. MME sends a HO complete ACK message to the target eNodeB.

d. Target eNodeB starts transmitting data to the UPE

11. ….

12. ….
13. ….

2.2. Early Switch of Data Path to AGW (UPE)
This option highlights the case when the UPE’s data path switch from source to target eNodeB is performed early once the HO command is sent to the UE
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Figure 3 Stopping data in the Uplink and Downlink through explicit signaling (early data path switch) 

The steps are the same as figure 3 except that step 10b is moved to step 7c. However note that this isn’t possible without prior MME/UPE involvement in the handover.
3. Late Stop of Data Transmission in uplink only

Another option can be that the network stops transmission once the HO decision is made but the UE keeps sending data in the uplink. The signalling flow is the same as the one shown in Figure 4 and Figure 5. 

4. Late Stop of Data Transmission on Source ENode B (DL and UL)

This section describes the case when data transmission continues on the source eNode B in uplink and downlink until UE moves from the source eNode B. 

4.1. Late Switch of Data path to AGW

This option highlights the case when the UPE’s data path switch from source to target eNodeB is performed at the end of the handover procedure when the HO complete message is sent to the UPE. The signaling flow can be summarized as follows:
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Figure 4 Late Stop of data transmission (late data path switch)

1. …
2. ….
3. Based on measurement results from the UE and the source eNodeB, probably assisted by additional RRM specific information, the source eNodeB decides to handover the UE to a cell controlled by the target eNodeB.

a. In step (3a), source eNodeB configures the lower layers to get more RLC context reports from UE this will help in getting more frequent updates about which packets have been received by the UE and which ones are not. 

4. The source eNodeB issues a HO Request to the target eNodeB passing the context information to the target eNodeB. 

5. ...

6. ….
7. The UE is commanded by the source eNodeB entity to perform the HO. This message will contain the UL RLC context report.
a. Source eNodeB starts forwarding data to target eNodeB. A copy of all forwarded packets will be kept in the buffer of source eNodeB until resources are released on the source eNode B (i.e. at step 11) 

b. Target eNodeB buffers data in downlink until UE is switched to the target eNode B and ready to receive data

8. …..
9. Once the UE has successfully accessed the cell, it sends an indication to the target eNodeB that the handover is completed. 

a. This message will contain the DL RLC context report. It can optionally append the UL RLC context report received by the source.

b. If  UL status was not appended in the HO complete message target eNodeB sends Status Update Request to the source eNodeB asking for the UL RLC context report

c. If UL status was not appended in the HO complete message target the Source eNodeB will send the UL RLC context report in the Status Update Response message. 

10. HO complete and switching data path

a. HO complete message is sent to the MME/UPE to inform it that the UE’s data path has to be switched to the target side and TNL resources towards the source side can be released.

b. UPE switches the data path

c. MME sends a HO complete ACK message to the target eNodeB.

d. Target eNodeB starts forwarding data traffic to UPE

11. ….
12. ….

13. ….
4.2. Early Switch of Data path to AGW

This option highlights the case when the UPE’s data path switch from source to target eNodeB is performed early once the HO command is sent to the UE
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Figure 5 Late Stop of data transmission (early data path switch)

The steps are the same as figure 4 except that step 10b is moved to step 7c. However note that this isn’t possible without prior MME/UPE involvement in the handover.
5. HO Synchronized Procedure

One thing to note, is that in the case that the HO procedure is synchronized in time between eNode B and UE the start of data forwarding can be known more precisely. In all of the diagrams step 8 is known in time in both sides so step 7a can begin at an optimal time based on the knowledge of the beginning of step 8.
Proposal

To discuss the merits of including the data forwarding steps as part of the message sequences, and the merits of the proposals in the options to coordinate user plane handling, and control plane handling. If it is merited InterDigital volunteers to capture the agreements in a text proposal for the TR R3.018.
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