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1 Justification
Enhancements for mobility are of high importance, especially in NR with high frequency range (FR2) or beyond in connection with fast blockage events of beams, see for example gNB 2 in Fig. 1. One promising approach to provide seamless links in such blockage events is communication to/from multiple Transmission-Reception-Points (TRPs) with multiple control channels (UL/DL)[1]. The basic principle has already been introduced in R15 with ongoing discussion for R16 [4], however the focus in past studies and work items has not been on mobility. Therefore, a WI on enhanced mobility has started in [2] led by RAN2 at the beginning and by RAN4 during a later stage. As given in the motivation of [2] it is stated that due to beamforming in NR FR2 it is observed that path-loss fluctuation can be tens of dBs different in signal strength. Furthermore, the handover interruption time is increased compared to LTE caused by beam sweep delay and link reliability further drops due to narrow coverage of beams. On top of this, when the UE moves or rotates, the UE can experience very fast signal degradation even with a wide beam angle at the device side. Furthermore, recently introduced mechanisms like beam correspondence and beam management are not providing stable link optimization due to imperfections in calibration and feedback, quantization of beams and multi-user grouping constraints.
These above-mentioned beam-related or beamforming-caused degradations are caused by physical layer procedures defined in RAN1. Hence, it is also in the responsibility of RAN1 to mitigate and compensate such drawbacks for beamforming in the high FR2. Therefore, a study item for R17 on multi-TRP dedicated to enhanced mobility support is required. Enhancements in mobility support are necessary in order to provide ultra-reliable communications in mission critical mobility scenarios, like V2X, IIoT and aerials connected by FR2. 
Examples of possible multi-TRP mobility support 
1) Sudden Blockage Caused Link-Interruption-Avoidance
In Figure 1, the UE (blue car) is independently connected to two gNBs at the same time, to gNB2 as the gNB with the strongest signal, and gNB1, which provides the second strongest signal. At time 1 the UE receives data from the network via gNB1 and gNB2. Due to redundant links available mission critical data can be transmitted and load balancing across the two links can be performed. At time 2, another vehicle (in our example a fire truck) is blocking the link to gNB2, while the link to gNB1 remains unblocked and the aligned beams can be tracked continuously following the movement of the UE. Enabled by two simultaneously active links to two gNBs, at time 2 the data transmission can be seamlessly continued without interruptions over the link with gNB1. Finally, at time 3, link 2 re-appears after recovering from the blockage and data transmission over both links will be continued. 
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[bookmark: _Ref534986037]Figure 1: Link blockage due to sudden appearance of obstacle.

In scenario “Sudden Blockage” in Figure 1 we observe: 

Observation 1: Simultaneous multi-TRP connectivity provides macroscopic spatial diversity and resilience against blockage, especially for FR2.

2) Handover Caused Link-Interruption-Avoidance
In Figure 2 left hand side, the UE (blue car) is connected to its strongest gNB, which is gNB2, and the UE is in a configured resource pool provided by gNB2. The UE receives mission critical data at time 1. At time 2, a handover from gNB2 to gNB3 is performed due to a fading link quality between UE and gNB2. This results in a non-continuous data reception at time 2, because the UE switches into the exceptional resource pool and is establishing a link to gNB3. At time 3, the UE is in the configured resource pool, which is provided by gNB3. The UE receives again the required mission critical data, now from gNB3. During this unexpected handover procedure initiation (caused by sudden fading of the link between the UE and gNB2 due to e.g. blockage, shadowing which can occur within Milliseconds) the data connection will be interrupted and either a handover procedure has to be initiated or a random-access procedure to gNB3 while the link to gNB2 is already lost for the control channel.
In Figure 2 on right hand side, the UE (blue car) is connected to its strongest gNB, which is gNB2, and the UE is in a configured resource pool provided by gNB2. At the same time a second link to gNB1, which in this example is considered to be the second strongest gNB observed by the UE, is available, established and in active mode. Therefore, the UE is simultaneously using resources from aresource pool provided by gNB1. At time 2, while a handover from gNB2 to gNB3 has to be performed due to fading link quality between UE and gNB2, the data transmission between the UE and gNB1 is maintained without interruption. 
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[bookmark: _GoBack]Figure 2: Left hand side: Handover situation in mobility scenario without multi-connectivity, for mission critical data transmission. Right hand side: Handover situation in mobility scenario with multi-connectivity and independent handover per link, guaranteeing seamless network connection for mission critical data transmission.

Observation 2: Independent or sequential handovers in multi-TRP communication allow continuous reduction of handover induced service discontinuity and resilience against handover failure, thus providing a higher reliability to deliver data within a targeted time window.
3) Panel-Rotation Caused Link-Interruption-Avoidance
Due to antenna characteristics at UE side, non-uniform spherical coverage by the different UE panels is observed, in particular at higher frequencies in FR2 and for a small number of antenna panels per UE. The link budget at the connections to gNB1 and gNB2 may significantly differ over time caused by small changes in UE orientation, e.g. 25° shown in Figure 3. Note, the loss in link budget is shown to be more significant for the upper panel (blue pattern) due to the a strong off-bore side link orientation towards gNB2, while the loss for the lower panel (green pattern) towards gNB1 is rather small. 


Figure 3: Non-uniform spherical coverage due to direction dependent beamforming gain.
Observation 3: Non-uniform spherical coverage due to UE antenna panels, especially for FR2, may cause significant link variations per TRP – UE antenna panel link pair. The application of simultaneous transmission over multiple Multi-TRP – UE antenna panel link pairs can reduce these effects by macroscopic diversity significantly. This will lead to an increased reliability in connectivity and reduces communication link quality variations.
2 Objectives and Scope
The target of this topic is to ensure reliable communication in several mobile scenarios such as but not limited to: V2X, IIoT and Aerials especially in the higher frequency range such as FR2 and beyond.
The following objective shall be considered in a potential SI/WI for NR Release 17:
· Study multi-TRP concepts with joint physical layer enhancements to increase the mobility support of NR, e.g. by 
· Multi-TRP beam coordination
· Non-coherent joint transmission concept 
· Potential extension to more than 2 PDSCHs/PUSCHs and 2 PDCCHs/PUCCHs
· Study different antenna geometries/sectorizations to ensure reliable mobility support in various scenarios [3]
· Study spatial diversity and resilience against blockage due to simultaneous multi-TRP connectivity
· Study independent/sequential handovers to guarantee continuous connectivity
· UE-driven link aggregation/selection, e.g. handling multiple PCells and SCells at the same time
· Other concepts are not precluded
3 Conclusion
The following observations are presented:
Observation 1: Simultaneous multi-TRP connectivity provides macroscopic spatial diversity and resilience against blockage, especially for FR2.
Observation 2: Independent or sequential handovers in multi-TRP communication allow continuous reduction of handover induced service discontinuity and resilience against handover failure, thus providing a higher reliability to deliver data within a targeted time window.
Observation 3: Non-uniform spherical coverage due to UE antenna panels, especially for FR2, may cause significant link variations per TRP – UE antenna panel link pair. The application of simultaneous transmission over multiple Multi-TRP – UE antenna panel link pairs can reduce these effects by macroscopic diversity significantly. This will lead to an increased reliability in connectivity and reduces communication link quality variations.
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