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1	Introduction
In [1], a new SI on evaluations for XR was agreed. One of the study areas that are listed in [1] is mobility. As XR and Cloud Gaming see consumer adoption, the services are expected to be consumed by users on the move. Minimizing user experience degradation through mobility events is a key consideration in enabling mass adoption of such services.
In this contribution, we qualitatively discuss the mobility mechanisms available in Rel-15/16, and also provide an outlook to the ongoing work in Rel-17 to improve mobility performance. This is a revision of R1-2101317.
[bookmark: _Ref178064866]2	Discussion
XR services are one of the key services for 5G. XR requires a bounded latency to ensure the QoE of the service: a large fraction of the application packets must arrive to the receiver within the latency threshold. 
As a UE in RRC_CONNECTED mode moves across the coverage area of a cellular system, the NW changes which TRP is communicating with the UE. The different TRPs may belong to the same or different cells. This procedure is known as mobility.
If TRPs belong to different cells. a change of TRP will result in degraded performance: an interrupt in the transmission (no data can be sent/received during the interrupt) and/or a reduction in data rates. In eMBB services, this degradation is typically acceptable. However, as XR services have more stringent requirements on bounded latency and reliability, the performance should be re-evaluated to secure that QoE can be maintained also during mobility.
2.1	Mobility in Rel-15
2.1.1	Intra-cell mobility
Rel-15 supports cells with one or more TRPs. In case the UE moves within a cell, the transfer of the connection between TRPs is almost transparent. The interrupt is guaranteed to be below 5ms, and it is possible to reduce the interrupt to zero.
However, as the UE moves inside a cell, the large-scale propagation properties change. More UEs will spend time in bad radio conditions for parts of its session. This leads to an increased risk for lost frames for more of the UEs, which may lead to more unsatisfied users. Note that the total number of lost frames does not change: the lost frames are only distributed more evenly across the users, but since the user satisfaction criterion is so strict, this will lead to a more challenging situation:
[bookmark: _Toc68631294]Intra-cell mobility may lead to that more users are unsatisfied, since more UEs will experience challenging radio conditions.
2.1.2 	Inter-cell mobility
The mobility mechanism in NR Rel-15 is based on L3 signaling quite similar to LTE. The handover procedure is illustrated in Figure 1.
[image: ]
[bookmark: _Ref54354924][bookmark: _Ref61853032]Figure 1: The handover procedure in NR Rel-15. Note that we have not illustrated the measurement procedure: the measurements introduce a delay before the handover instant but does not impact the service interruption. 
In Figure 1, the step “synchronization” includes
· UE processing time for RF/baseband retuning
· Delay until the first PRACH occasion
· Fine time tracking
These factors dominate the interruption delay: the total service interruption is at best in the order 0f 40ms.
[bookmark: _Toc68631295]The service interruption is dominated by UE processing related to synchronization and is at best around 40ms.
For a service with 60fps, a 40ms interrupt means that two application packets are lost.
2.2	Mobility improvement in Rel-16: DAPS and 2-step RACH
In Rel-16, two improvements relevant for mobility were specified:
· Two-step RACH
· Dual Active Protocol Stack (DAPS)
With 2-step RACH, the number of messages during the RACH procedure is reduced. Msg1 and Msg3 are combined into one message (called MsgA), and Msg2 and Msg4 are combined into one message (called MsgB). With this construction, one round-trip time is avoided.
Referring to section 2.1.2 and Figure 1: The handover procedure in NR Rel-15. Note that we have not illustrated the measurement procedure: the measurements introduce a delay before the handover instant but does not impact the service interruption.Figure 1, we realize that the dominating delays related to synchronization still remain, also with 2-step RACH:
[bookmark: _Toc68631296]2-step RACH does not impact the factors dominating the service interruption. 
With 2-step RACH, the service interruption is around 35ms at best. With a 60FPS service, two application packets would be lost.
DAPS was designed to reduce the service interrupt to zero. With DAPS, the UE continues to communication with the source while establishing the communicating with the target. The UE releases the connection to the source when it is explicitly instructed to do that. In scenarios where DAPS is applicable, the service interruption will be zero.
However, there are significant restrictions for DAPS:
· DAPS cannot be used in FR2. This is due to inherent problems for a UE with directional antenna panels to receive more than one signal at a certain time instant.
· DAPS cannot be used with carrier aggregation or dual connectivity. The NW must make sure to release all SCells and any SCG before configuring the UE with a DAPS bearer.
· Even in a FR1/single-CC scenario, the UE complexity will be high, in particular for asynchronous reception, i.e., when the signals from the source and target do not arrive within the CP. In this case, parts of the UE RX/TX chains may need to be duplicated. In practice, most scenarios will lead to asynchronous reception, due to differences in propagation delay.
[bookmark: _Toc68631297]DAPS reduces the service interruption to zero, but is not applicable to FR2, CA or DC. 
2.3	Mobility in Rel-17: L1/L2-centric inter-cell mobility 
As mentioned in section 2.1.1, Rel-15 supports cells with multiple TRPs. Mobility within such a multi-TRP cell is handled with L1/L2 signaling: measurement on CSI-RS, and signaling related to the QCL assumptions the UE could make when receiving PDCCH and PDSCH. This reduces the service interruption to essentially zero.
However, in Rel-15, all the TRPs must broadcast the same physical cell identity (PCI). This will reduce the area over which such a cell can be realized: since the UE derives the timing from the reception of the summed SSB transmissions from all the TRPs. A large multi-TRP cell will also impact the Idle mode behavior.
To remove these limitations, the following objective was agreed in the FeMIMO WI [2] in Rel-17: 1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states:

With L1/L2-centric mobility, the beam management procedures can be applied to TRPs broadcasting different PCIs. UE moving between such TRPs can still enjoy the close-to-zero interrupts of the L1/L2 reporting and signalling. In addition, the NW will be provided with richer reporting, facilitating more accurate handover decisions, and better performance during handover. More details can be found in [3]. A first set of agreements have been made in this work item.
[bookmark: _Toc68631298]The introduction of L1/L2-centric intercell mobility will lead to better performance across TRPs broadcasting different PCIs for some scenarios.   
However, the time-allocation in RAN2 for the feMIMO WI is quite small. Therefore, it is clear that there will be restrictions on the functionality, also when Rel-17 is completed:
· It is unlikely that there will be automatic updates of the UE configuration as it is transferred from one TRP to another. This puts restrictions on the configuration of the corresponding cells.
· There will not be any specification support for inter-DU operation. The possibilities to operate across DUs are unclear.
[bookmark: _Toc68631299]With the foreseen Rel-17 improvements, there are still important scenarios/deployment where the mobility performance needs to be improved.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Intra-cell mobility may lead to that more users are unsatisfied, since more UEs will experience challenging radio conditions.
Observation 2	The service interruption is dominated by UE processing related to synchronization and is at best around 40ms.
Observation 3	2-step RACH does not impact the factors dominating the service interruption.
Observation 4	DAPS reduces the service interruption to zero, but is not applicable to FR2, CA or DC.
Observation 5	The introduction of L1/L2-centric intercell mobility will lead to better performance across TRPs broadcasting different PCIs for some scenarios.
Observation 6	With the foreseen Rel-17 improvements, there are still important scenarios/deployment where the mobility performance needs to be improved.
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