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Abstract of the contribution: A low impact extension to Solution #2 is described which allows the redundant paths to be used for lossless handovers by ensuring that handovers at the two paths do not occur at the same time. 
Discussion
Solution #2 in 23.725 provides redundancy against failures using two UEs in the device by setting up two independent paths via different gNBs in RAN. That solution can also be extended to protect against handover losses. We present here a solution to extend solution #2 for improving the handover performance, and in this way we use a combination of solutions to address both Key Issue #1 (redundancy) and Key Issue #2 (improved handover performance). 
The two redundant paths can help improve the handover performance, since even if one of the paths suffers from a period of disruption during handover, the other path can still deliver the packets uninterrupted. For this, it is necessary to co-ordinate the handover timing at the gNBs where the UEs of the devices are connected. 
We propose a simple extension of the current Reliability Grouping concept in solution #2 for handover timing co-ordination: each Reliability Group is assigned with preferred time periods for handover, so that these periods are disjoint for the Reliability Group. A UE in given reliability group will therefore be preferably scheduled for handover at a different time than a UE in another reliability group. E.g., periods of 100ms can be defined, so that for UEs in reliability group 1 handover are preferably started at odd periods, while for UEs in reliability group 2 handovers are preferably started at even periods. Note that the solution defines preferences, and in typical circumstances it can be possible to defer the handover for a short duration; but in cases where the radio link quality is quickly deteriorating, it is more important to perform handover as soon as possible and in such circumstances the preference may be ignored. 
The proposed handover coordination solution provides a simple extension to enhance then handover performance without applying complex signalling sequences and introducing additional handover timing coordination functionality. The extension allows the mobile operator to make good use of the redundant paths in a mobile system. While such redundant paths are set up to provide redundancy against node and link failures, in a mobile system the volatile handover process may be the one which is could most often actually cause disruption, hence the mechanisms for redundant user plane paths are made good use of. 
Proposal
The following changes are proposed to TR 23.725.
* * * * Start of Change * * * *
6.X
Solution X for Key Issue #2: Lossless handover by timing coordination with multiple UEs per device
6.X.1
Description

This solution is an extension of Solution #2 described in section 6.2 which provides redundancy against failures using two UEs in the device by setting up two independent paths via different gNBs in RAN. The solution provided here extends Solution #2 to protect against handover losses in order to address also Key Issue #2 in addition to addressing Key Issue #1. 

The two redundant paths can help improve the handover performance, since even if one of the paths suffers from a period of disruption during handover, the other path can still deliver the packets uninterrupted. For this, it is necessary to co-ordinate the handover timing at the gNBs where the UEs of the devices are connected. 

The Reliability Grouping concept in solution #2 is extended for handover timing co-ordination: each Reliability Group is assigned with preferred time periods for handover, so that these periods are disjoint for the Reliability Group. A UE in given reliability group will therefore be preferably scheduled for handover at a different time than a UE in another reliability group. E.g., periods of 100ms can be defined, so that for UEs in reliability group 1 handover are preferably started at odd periods, while for UEs in reliability group 2 handovers are preferably started at even periods. Note that the solution defines preferences, and in typical circumstances it can be possible to defer the handover for a short duration; but in cases where the radio link quality is quickly deteriorating, it is more important to perform handover as soon as possible and in such circumstances the preference may be ignored. 

The proposed handover coordination solution provides a simple extension to enhance then handover performance without applying complex signalling sequences and introducing additional handover timing coordination functionality. The extension allows the mobile operator to make good use of the redundant paths in a mobile system. While such redundant paths are set up to provide redundancy against node and link failures, in a mobile system the volatile handover process may be the one which is could most often actually cause disruption, hence the mechanisms for redundant user plane paths are made good use of. 

The figure below shows the solution architecture, with the Redundancy Grouping 1 (green) and 2. Using Solution #2, it is ensured that both UE1 and UE2 connect to gNBs in the same group. In the example shown below, UE1 performs handover from gNB1.1 to gNB1.2, while UE2 performs handover from gNB2.1 to gNB2.2. The solution relies on pre-configured schedules in the gNBs on when the handover for a UE in group 1 or in group 2 can be started. By keeping these schedules, the handover times of the UEs within the same device can be made different. 
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Figure 6.X.1-1: Reliability group-based redundancy concept in RAN

6.X.2
Procedures

The solution consists of the following steps. 
· A priori configuration is used to configure preferred handover periods in each gNB for each reliability group. These preferred handover periods should be sufficiently long to allow handovers to be completed, and should be possible to be kept by the gNBs given the existing time synchronization; yet the preferred handover periods should not be too long to avoid having to wait too long with handovers. 

· When a gNB determines that handover needs to take place for a UE which is a member of a reliability group (hence, we know that the UE is in a device equipped with multiple UEs), the gNB, whenever possible, schedules the handover in a preferred handover period corresponding to the reliability group (RG) of the given UE. That is, if the start of the handover would not be within the preferred handover period for the given RG, the gNB defers the handover until the start of the next preferred handover period for the given UE’s RG. The deferral only applies to the execution of the handover, while the handover preparation can be done immediately. The RG of the UE is stored in the UE context based on information received from the CN. 

6.X.3
Impacts on Existing Nodes and Functionality
RAN impacts:
- Pre-configuration of preferred handover timing periods for each reliability group.

- Possible deferral of the handover so that it falls within a preferred handover period whenever possible. 
6.X.4
Solution Evaluation

- Low impact extension of Solution #2 for Key Issue #1 provides a solution also for Key Issue #2 in a single solution framework. 

- No need for additional RAN signalling for handover co-ordination.

- Possibility for limited deferral of the handover even if other UE of the same device does not perform handover. 
- Lossless communication can be ensured even when the handover would imply temporary disruption. 

- Lossless communication can be ensured even when one of the UEs experiences radio link failure. 

* * * * End of Changes * * * *
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