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1.
Introduction
In RAN3, current working assumption is that forward handover is not supported, depending on RAN2 decision. After Shanghai meeting, RAN2 also made similar conclusion. But it opened the doors for further discussion and [1], [2], [3] were submitted in previous meeting. 
Currently, UE in LTE_ACTIVE can be classified into synchronized UE and non-synchronized UE. UE will be kept in synchronized state if the UE is actively exchanging data in uplink/downlink direction or if it is quite probable that uplink or downlink data transmission is imminent. In other cases, the UE may be kept in non-synchronized state.
In this document, we look at handover for non-synchronized UE.

2.
Discussion
Following is copied from TS25.813.
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Figure 1: Intra-MME/UPE HO
Above figure does not discriminate whether the UE is in synchronized state or not. Thus, it can be questioned whether UE can send Measurement report at proper moment regardless of UE’s synchronization status.
In general, synchronized UE transmits regularly CQI or pilot and monitors continuously downlink control channel. In most cases, the UE is kept in synchronous state either when it is communicating user traffic with eNB or when it is foreseen that the data transmission soon resume for that UE. Even though DRX/DTX mechanism also can be applied to the synchronized UE, the duty cycle will be very short for the synchronized UE. Because the UE is awake most of the time, the UE will have a lot of chance to monitor neighbour cell without any further cost on battery consumption. 
Overall, the synchronized UE can detect faster whether the measurement reporting condition has met or not. Also, the synchronized UE can send measurement report faster because it will use either DL-SCH or synchronized RACH. Thus, the eNB can handle the mobility situation before radio condition turns bad and the probability of handover failure will be low. As long as the measurement reporting are configured relevantly and handover command are sent properly, handover failure case in which UE can not connect to target cell will be rare. 
On the other hand, non synchronized UE is not involved in transmission and reception of data. When there is no traffic or when it is predicted that the UE will have no traffic for the coming period, the eNB will command the UE to go non-synchronized state. In this case, the DRX cycle of the UE will be long to minimize battery consumption. This will give less time or fewer samples for measurement.
Accordingly, the UE may notice quite lately that measurement reporting condition has met. This will have adverse effects. Because the reporting is late, the eNB will have very limited amount of time to prepare the handover. Or, because the detection is too late, it may be impossible for the UE to transmit measurement report to the serving cell. Thus, unlike the synchronized UE, the non-synchronized UE is more exposed to the risk of radio link failure.
Then, if we allow non-synchronized UE to contact newly found cell even when the UE did not report to the serving cell, it will be just similar to cell update procedure. In fact, the UE can send easily RRC message to the new cell rather than the old cell. Furthermore, considering that UE is transited to non-synchronized state due to lack of traffic, PDCP de-synchronization and PDU discard problem and data forwarding problem will not be critical to non-synchronized UE. 
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Figure 2: Forward Handover Scenario

Above figure 2 shows one example of forward handover scenario. In this case, non-synchronized UE suddenly detects that it has moved far away from serving cell and tries to access new cell. When new eNB detects serving eNB based on RNTI information from UE, it fetches context information from serving eNB to complete the handover. In this case, step 2 and 3 can be omitted if new eNB and serving eNB are same.
Here, looking at figure 1 in terms of non-synchronized handover may be beneficial. In fact, if no traffic for non-synchronized UE is assumed, figure 1 can be simplified as following figure.
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Figure 3: Intra-MME/UPE HO for Non-synchronized UE

Figure 3 is much more complex compared to figure 2. The first reason is that the UE has to contact both serving eNB and new eNB. I.e, the UE has to perform synchronization procedure twice and message transmission twice. And the second reason is that more message flow is needed between eNBs.
If we consider forward handover in figure 2, then UE in figure 3 unfairly has to do more jobs. Unlike synchronized UE case, non-synchronized UE procedure can be simpler due to little traffic and has to be simpler due to battery reason. In fact, if we allow forward handover, then most non-synchronized UE will not act as shown in figure 3 even when the radio condition to serving cell is not bad. I.e, it may perform forward handover procedure as if it has suddenly entered into a new cell. It’s because it’s simpler and requires less battery.
Thus, we need to consider simpler handover procedure for non-synchronized UE. One way to do it is that transition from non-synchronized state to synchronized state occurs only once in handover procedure. In other words, it may be enough that the transition to synchronized state happens either in serving cell or in new cell. Considering the reason why the UE was put in non-synchronized state in previous cell, it is most probable that the UE will also be put in non-synchronized state in the new cell. In this sense, it may be useless for the UE to perform RACH procedure to be synchronized again in the new cell.

Thus, it is proposed that non-synchronized UE handover requires synchronization procedure only once. Following figure shows the simplified procedure where the UE performs synchronization only in the serving cell during handover procedure.
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Figure 4: Proposed scheme for intra-MME/UPE HO for Non-synchronized UE

In this scenario, it is FFS whether the UE should send measurement report including all possible measurement data or measurement report including only cell information that the UE will move into. If we want to apply similar principles between figure 2 and figure 4, then only including most likely target cell information is desirable because at least it reduces message size. 
After receiving measurement report from the UE, the serving eNB decides whether to allow the transition into the reported cell. Then, the serving eNB decides the target cell and contacts a target eNB. Using the response from target eNB, the serving eNB sends handover command including necessary information to the UE in step 4. 
Using information received at step 4, the UE tunes into the cell commanded by the serving eNB. If the cell change is successful, the UE stays in that cell without further transmission to the cell until it has data to send or it is paged. I.e, if the cell change to the cell command by handover command is successful, the UE needs not to send anything to notify the successful cell change to eNB. 

For non-synchronized UE, concise handover procedure as shown in figure 4 will be beneficial. Because the UE needs not perform RACH procedure in the new cell, it can lengthen battery time. And because there is no access from the UE in target cell, the RACH load or processing load in the target cell is reduced.

Thus, it is proposed to consider procedure in figure 4 as handover procedure for non-synchronized UE. 
3.
Conclusion
It is proposed to discuss and agree on the handover procedure for non-synchronized UE shown in figure 4. And if the agreement is reached, then it is further proposed to update TS. 

4.
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