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Discussion and Decision
1      Introduction
In the discussion paper [4], an evaluation of NW based HO and UE based HO is provided with simulation result. Based on the observation, there are benefit using UE based HO over NW based HO in some scenario to reduce service interruption time and increase of handover success. In general, handover in NR has two challenge, they are:

· Failure of HO command (RRCConnectionReconfiguration message include mobilityControlInfo) delivery to the UE from source gNB
· HO delay is too long and hence radio link failure at source gNB. This will also result in failure of HO command as well. 

In this contribution, we provide two different solutions to allow NW controlled autonomous HO to continue using NW based HO but allow UE based HO in case where NW based HO doesn’t perform (for example, channel condition is poor). 

2      Challenge of handover in NR
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Figure 1: two examples of UE moves from one cell to another cell

In Hetnet mobility WI, it is confirmed that one of the major reasons causing HOF is the failure delivery of the HO command to the UE. In high frequency NR, it is expected that this problem will be worse than in LTE due to the beamforming aspect even though the interference will be limited. The reason is that beamforming has a narrow coverage and the UE can easily experience sudden signal drop from mobility or blockage. This can be explained using the illustration from Figure 1. UE 1 is moving away from the serving cell to target cell. The direction of travel may only involves two beams in LoS case. Therefore, there is no intra-cell beam/ TRP switching during this time. In this scenario, the signal will be similar to LTE. However, this case only applies to the UE moving exactly towards the direction of the two TRP. UE 2 on the other hand represents the most often case where intra-cell beam/TRP switching happens along with mobility handover across different cell. The dotted line indicates where the location beam switch may happen. Signaling changes, beam/ TRP switching failure rate and blockage are the factors contribute to the failure delivery of the HO command. In addition, the UE rotation is also one big factor contributing to the HO command lost in both UEs scenario if beamforming is used at the UE. Therefore, handover enhancement will be needed to improve handover performance in NR.
Proposal 1: study further handover enhancement from LTE mechanism to cope with the failure to deliver of HO command
3      Single connected handover enhancement

In [x], dual beams operation for handover is proposed if the UE can support dual/ multiple beams operation. However, not all the UE be able to support dual beams operation. Therefore, single connected handover (same as LTE) should be supported as a baseline. 
3.1     UE based HO triggered by a timer

One simple solution to reduce HOF caused by failure delivery of HO command is allowing UE based HO when the HO command is lost using a timer. The timer can be configured by the network using the estimation of when the UE should receive the HO command after it sends the measurement report to the gNB. Figure 2 and 3 show the examples how UE based HO triggered by a timer works. The UE follows the current LTE HO procedure sending the measurement report to the gNB when the configured event is triggered and TTT expires. After the UE sends the measurement report, the UE starts a timer. The timer values should be an estimation of the roundtrip time from UE to source gNB + x2 latency*2. At this point, the source gNB may send an RRC message to the UE indicate no HO should be performed. In case the source cell decides to HO, source gNB sends the HO request message to the target gNB. After it receives ACK from the target gNB, the source gNB sends the HO command to the UE. In Figure 1, the UE receives the HO command without a problem, therefore the UE stops the timer and performs the handover procedure as in current LTE. Figure 2 shows the scenario where there is blockage or bad channel condition, the HO command is failed to receive by the UE. In this case, upon the expiry of the timer, the UE performs the UE based HO to target gNB using contention based RACH procedure.
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Figure 2: Example of NW based HO with a chance of the UE based HO triggered by a timer
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Figure 3: Example of UE based HO triggered by a timer when HO command is not received

When HO command is lost, the UE will eventually radio link failure (RLF) when T310 expires. In this case, the UE will perform RRC connection reestablishment which will result in much longer interruption time. Therefore, UE based HO triggered by a timer can solve the HO command delivery problem and reduce interruption time by avoiding RLF. 
Observation 1: UE based HO triggered by a timer can solve the HO command delivery problem. 

Proposal 2: RAN2 to consider using a timer to trigger UE based HO in NR.
3.2     NW controlled autonomous handover 

Besides the timer, another option is to perform NW controlled autonomous handover. Figure 4 shows the signalling flow for this option. The network sends a UE autonomous handover preparation information to the UE upon receives the measurement report from the UE (or it can be sent at any time before the measurement report). The grant may contains UE specific handover target cell set, timer for how long this preparation information is valid etc. The timer indicates in section 3.1 can also be included in this option. The UE can use this grant to perform UE based HO. Below is the detail signalling flow for the NW controlled autonomous handover. 
[image: image4.png]UE Src Cell Tar Cell
1. Measurement report
>
2. UE autonomous handover Handover decision
(including UE specific
< ha-m.dov.er target cell set, 3. Handover Request
validity time, UE based HO >
timer etc)
Admission control
5. RRC Conn. Reconf. Incl. p 4. Handover Request ACK
mobilityControllInformation

< 7a. SN status transfer >

Trigger UE based . buffered
HO if timer expired De |e(;/§r . e.re
when HO command and in transit
is not received packets to target
eNB
6. RACH procedure (NW based or UE based HO)
>
7b. SN status transfer request if not
received from src cell + context
fetch if not received from src
e
7b. SN status transfer
>

8. Random access reponse

9. RRC Conn. Reconf. Complete





Figure 4: NW controlled autonomous handover
Step 1: UE sends measurement report when the event triggers
Step 2: The source gNB makes the decision for the UE to handover. In case of handover, the source gNB sends autonomous handover preparation information to the UE (including parameters: UE specific cell set, validity time etc.)Step 3: The source gNB sends handover request to target gNB
Step 4: Target gNB response handover request ACK
Note: Step 2-4 can happen ahead of the (before the measurement report in step 1), in this case, the source gNB can skip step 2-4 and sends the HO command to the UE once it receives the measurement report.
Step 5: Source gNB forward the HO command to the UE
Step 6: The UE performs RACH on target cell if HO command is received. Otherwise, the UE performs contention based RACH to the target by sending the autonomous handover preparation information to the target when the timer expires. 
Step 7a: Source gNB may optionally perform SN status transfer if only one target gNB is selected. Or

Step 7b: Target will verify the validity of the information and perform SN status request and context fetch if the UE context is not available. The source gNB will send SN status transfer and UE context to the target gNB
Step 8: The network sends random access response to the UE. In the case where the UE doesn’t receive the HO command and triggered UE based HO, the target gNB should send a RAR including the RRCConnectionReconfiguration message to the UE. 
Step 9: The UE sends the RRCConnectionReconfigurationComplete message to complete the handover.

Observation 2: NW controlled autonomous handover can reduce handover delay and HO command delivery problem.

Proposal 3: RAN2 to consider using NW controlled autonomous handover for single connected case in NR.
4      Conclusion
Observation 1: UE based HO triggered by a timer can solve the HO command delivery problem. 

Observation 2: NW controlled autonomous handover can reduce handover delay and HO command delivery problem.

Proposal 1: study further handover enhancement from LTE mechanism to cope with the failure to deliver of HO command
Proposal 2: RAN2 to consider using a timer to trigger UE based HO in NR.

Proposal 3: RAN2 to consider using NW controlled autonomous handover for single connected case in NR.
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