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Introduction
In RAN #98-e meeting [1], the revised WID for Rel-18 NR sidelink evolution was approved [2]. In this revision, it was agreed to start the study of NR sidelink beam management on FR2 licensed spectrum as shown below. This study is limited to the support of NR sidelink beam management for unicast communication by reusing existing sidelink CSI framework and reusing Uu beam management concepts wherever possible. In this contribution, we provide technical challenges and aspects that need to be considered for NR sidelink beam management on FR2 licensed spectrum.
	3. [bookmark: _Hlk89917254]Study enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2]
· [bookmark: _Hlk89917271]Focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022. [RAN1]
· [bookmark: _Hlk89917283]Study is limited to the support of sidelink beam management (including initial beam-pairing, beam maintenance, and beam failure recovery, etc) by reusing existing sidelink CSI framework and reusing Uu beam management concepts wherever possible. [RAN1, RAN2]
· [bookmark: _Hlk89917309]Beam management in FR2 licensed spectrum considers sidelink unicast communication only.



Discussion on Sidelink Communication in FR2 Bands
The use of FR2 bands for sidelink communications is useful to complement the existing sidelink communication in FR1 bands. Thanks to its wide-bandwidth availability, sidelink communication in FR2 bands enables advanced applications that require high data rate. However, the use of FR2 bands for sidelink introduces several technical challenges. In this section, we discuss key technical challenges and considerations on sidelink beam management.
Challenges of Sidelink Communication in FR2 Bands
There are several technical challenges in sidelink communication in FR2 bands, as detailed in the following:
1) High path loss: Due to higher frequencies, the path loss is significantly higher than frequencies in FR1 bands. For example, in the free-space path loss model, the path loss of 30 GHz carrier frequency is 14 dB higher than one in 6 GHz, respectively. 
2) Directionality: To compensate the higher path loss, beamforming with narrow beams or directional antennas are generally used to provide enough array gain through larger antenna aperture. However, the use of narrow beamforming or directional antennas requires beam alignment between a Tx UE and an Rx UE.
3) High mobility: Due to potential high mobility of UEs, the relative position between a Tx UE and an Rx UE dynamically changes. Particularly, in V2V scenarios, both the Tx UE and Rx UE are moving (i.e., dual mobility), whereas in V2I/I2V scenarios, either of the Tx UE and Rx UE is moving. This implies that the use of narrow beams requires fast initial beam pairing and beam maintenance to follow UE’s high mobility.
4) Blockage: In FR2 bands, radio signals do not penetrate solid materials well, which causes high penetration loss when the link path is blocked by surrounding objects (e.g., vehicles, building, or other objects). Blockage and high mobility in V2X scenarios incur intermittent link connectivity. Particularly, blockage due to surrounding large vehicles (e.g., trucks and buses) is severer in V2V scenarios because of relatively low antenna heights at both the Tx UE and the Rx UE. This suggests the need of fast beam recovery to minimize the duration of link failure.
[bookmark: _Toc127330707]Observation 1: The use of FR2 bands for NR sidelink introduces several challenges such as high path loss, directionality, high mobility, and blockage.
[bookmark: _Toc127330708]Observation 2: The technical challenges of NR sidelink in FR2 bands suggest the need of fast, efficient beam management.
[bookmark: _Toc127330718]Proposal 1: Study fast, efficient beam management solutions for initial beam alignment, beam maintenance, and beam failure recovery to support UE mobility.
Sidelink Beam Management
We discuss several aspects that need to be considered to design NR sidelink beam management (initial beam pairing, beam maintenance, and beam failure recovery) as shown in Figure 1, which are explained in the following clauses.
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[bookmark: _Ref127254633]Figure 1. Sidelink beam management: a) initial beam pairing, b) beam maintenance, and c) beam failure recovery.
Initial Beam Pairing
In communications in FR2 bands, beamforming with narrow beams or directional antennas are generally used to provide enough array gain through larger antenna aperture. However, the use of narrow beamforming or directional antennas increases the overhead of beam alignment for initial access (i.e., initial beam pairing). In initial beam pairing, the Tx UE and Rx UE align their beams by searching different beam pairs to establish a good communication link, as shown in Figure 1(a). Generally speaking, as the directionality increases, the overhead of beam alignment increases because of the increase of the number of beam candidates to be searched. Also, due to potential high mobility of UEs (e.g., in V2X scenarios), initial beam pairing needs to be done quickly. It is therefore motivated to study alternative solutions to exhaustive beam search.
[bookmark: _Toc127330709]Observation 3: The use of narrow Tx/Rx beams increases the overhead of initial beam pairing because a lot of beam candidates need to be searched.
[bookmark: _Toc127330710]Observation 4: For initial beam pairing, exhaustive beam search is not efficient and not suitable when UEs are moving.
[bookmark: _Toc127330719]Proposal 2: Study fast, efficient initial beam pairing solutions to support UE mobility.
Beam Maintenance
Even after the initial beam pairing, UE mobility and narrow beams (or directional antennas) incur misalignment of beams between Tx UE and Rx UE as shown in Figure 2. In [3], a new notion called beam coherence time was introduced. Roughly speaking, it indicates the time duration over which the beams stay aligned, as a function of beamwidth, by taking into account both Doppler spread and beam pointing error due to UE mobility. To deal with misalignment of beams, the Tx UE and Rx UE need to perform beam maintenance, where they adjust beams periodically (ideally every beam coherence time) to maintain the beam link, as shown in Figure 1(b). It is not efficient to use the initial beam pairing procedure for beam maintenance because initial beam alignment does not utilize temporal correlation of previously used beams. Therefore, more efficient procedure for beam maintenance is required to reduce the overhead of beam maintenance. Also, it is important to consider triggers to initiate the beam maintenance procedure.
[image: ]
[bookmark: _Ref127263154]Figure 2. Tx UE and Rx UE need to adjust beam directions at different time instances due to directional beams and UE mobility.
[bookmark: _Toc127330711]Observation 5: When directional Tx/Rx beams are used and UEs are moving, even after initial beam pairing, Tx UE and Rx UE need to adjust Tx/Rx beams to maintain the beam link.
[bookmark: _Toc127330712]Observation 6: It is not efficient to use the initial beam pairing procedure for beam maintenance because initial beam pairing does not utilize temporal correlation of previously used beams.
[bookmark: _Toc127330720]Proposal 3: Study fast, efficient beam maintenance solutions to support UE mobility.
[bookmark: _Toc127330721]Proposal 4: For beam maintenance, study triggers to initiate the beam maintenance procedure.
Beam Failure Recovery
Blockage by surrounding objects (e.g., vehicles, building, and other objects) is another key challenge in sidelink communication in FR2 bands due to high penetration loss in FR2 bands. Blockage and UE mobility incur intermittent link connectivity. Therefore, to minimize the impact of blockage and the duration of link failure, beam failure recovery is needed, where after the detection of (potential) beam link failure, the Tx UE and Rx UE find an alternative beam pair, as shown in Figure 1(c). Also, it is important to consider triggers to initiate the beam failure recovery procedure.
[bookmark: _Toc127330713]Observation 7: Blockage and UE mobility incur intermittent link connectivity and beam link failure.
[bookmark: _Toc127330722]Proposal 5: Study fast, efficient beam failure recovery solutions to mitigate the impact of blockage and beam link failure.
[bookmark: _Toc127330723]Proposal 6: For beam failure recovery, study triggers to initiate the beam failure recovery procedure.
Impact of Wide and Narrow Beams
In sidelink communication in FR2 bands, UEs may use different beamwidths (e.g., wide beam, narrow beam) for transmission and reception. There are pros and cons between wide beam and narrow beams. Wide beams allow UEs to receive signals from wider directions and transmit signals to wider directions, but it has a decreased beamforming gain and thus reduces the communication range. On the other hand, narrow beams allow UEs to increase the beamforming gain and thus increase the communication range, but it covers narrower directions. Figure 3 illustrates this trade-off.  In Figure 3(a), Rx UE uses a wide Rx beam, which allows Rx UE to receive signals from both Tx UEs but with a reduced beamforming gain. In Figure 3(b), Rx UE uses a narrow Rx beam, which increases the beamforming gain but receives only signals from Tx UE 2 due to beam misalignment between Rx UE and Tx UE 1.

[image: ]
[bookmark: _Ref127257487]Figure 3. Difference of wide Rx beam and narrow Rx beam.
Therefore, it is important to study the impact of different beamwidths (e.g., wide beams and narrow beams) in sidelink beam management.
Particularly, for beam failure recovery, Tx UE and/or Rx UE may change beamwidths from narrow beams to wide beams when the current narrow beam link is about to be lost in order to increase the chance of successful reception. Therefore, we propose to study triggers to change Tx/Rx beams from narrow beams to wide beams. In addition, if the Tx/Rx beamwidth is dynamically changed, it should be studied how to announce the beam information (e.g., narrow/wide beam, beam direction, time/frequency resources, etc.) so that UEs are aware of the beam information with each other.
[bookmark: _Toc127330714]Observation 8: Wide beams allow UEs to receive signals from wider directions and transmit signals to wider directions, but it has a decreased beamforming gain and thus reduces the communication range. On the other hand, narrow beams allow UEs to increase the beamforming gain and thus increase the communication range, but it covers narrower directions.
[bookmark: _Toc127330724]Proposal 7: Study the impact of different beamwidths (e.g., wide beams and narrow beams) in sidelink beam management.
[bookmark: _Toc127330725]Proposal 8: For beam failure recovery, study triggers to change Tx/Rx beams from narrow beams to wide beams.
[bookmark: _Toc127330726]Proposal 9: If the Tx/Rx beamwidth is dynamically changed, study how to announce the beam information (e.g., narrow/wide beam, beam direction, time/frequency resources, etc.) so that UEs are aware of the beam information with each other.
Impact of Directional Beams and UE Mobility to Sensing, Resource Selection, and Resource Reservation
The use of directional beams would affect sensing, resource selection, and resource reservation. This is because Rel-16/17 NR sidelink in FR1 bands assume omni-directional transmission and reception and thus may not be suitable for beam-based sidelink communication in FR2 bands. For example, if UEs use directional beams, they can transmit and receive signals to only limited directions. It would affect sensing and SCI transmission/reception because successful SCI reception depends on whether Tx beam and Rx beam are properly aligned or not. As shown in Figure 4, if Tx/Rx beams are not aligned among Tx UE transmitting resource reservation/SCI and Rx UEs, Rx UEs miss resource reservation/SCI from Tx UE, and the existing Rel-16/17 sidelink sensing mechanism would not work properly. This leads to inappropriate resource selection.
[image: ]
[bookmark: _Ref127327662]Figure 4. SCI transmission/reception with directional beams: when Tx UE transmits SCI, Rx UE 1 successfully receives the SCI as the beams of Tx UE and Rx UE 1 are aligned, while Rx UE 2 fails to receive the SCI due to beam misalignment between Tx UE and Rx UE 2.
[bookmark: _Toc127330715]Observation 9: Rel-16/17 NR sidelink resource selection and reservation assume omni-directional transmission and reception and may not be suitable for beam-based sidelink communication in FR2 bands.
[bookmark: _Toc127330716]Observation 10: If directional Tx/Rx beams are used, Rx UEs may miss resource reservation/SCI from other Tx UEs, and the existing Rel-16/17 sidelink sensing mechanism would not work properly. This leads to inappropriate resource selection.
In addition, the directionality of beam-based communication can be utilized to improve the spatial reuse of time/frequency resources. For example, as shown in Figure 5, the two beam links (Tx UE 1 – Rx UE 1 and Tx UE 2 – Rx UE 2) do not interfere each other even though they are close with each other, while Tx UE 3 should avoid transmission as its Tx beam will cause interference to Rx UE 1. This would suggest that resource (re-)selection should take into account Tx/Rx beams for better spatial reuse.
[image: ]
[bookmark: _Ref127329807]Figure 5. Spatial reuse of time/frequency resources by utilizing directional communication, where the two beam links (Tx UE 1 – Rx UE 1 and Tx UE 2 – Rx UE 2) do not interfere each other even though they are close with each other, while Tx UE 3 should avoid transmission as its Tx beam will cause interference to Rx UE 1.
[bookmark: _Toc127330717]Observation 11: The directionality of beam-based communication can be utilized to improve the spatial reuse of time/frequency resources.
Therefore, appropriate sensing, resource selection, and resource reservation/SCI mechanisms tailored for beam-based sidelink communication should be considered.
[bookmark: _Toc127330727]Proposal 10: Study enhancements of sensing, resource selection, and resource reservation/SCI to take into account directional Tx/Rx beams and UE mobility.
Conclusion
In this contribution we provided technical challenges and aspects that need to be considered for NR sidelink beam management on FR2 licensed spectrum. Our observations and proposals are summarized as follows:
Observation 1: The use of FR2 bands for NR sidelink introduces several challenges such as high path loss, directionality, high mobility, and blockage.
Observation 2: The technical challenges of NR sidelink in FR2 bands suggest the need of fast, efficient beam management.
Observation 3: The use of narrow Tx/Rx beams increases the overhead of initial beam pairing because a lot of beam candidates need to be searched.
Observation 4: For initial beam pairing, exhaustive beam search is not efficient and not suitable when UEs are moving.
Observation 5: When directional Tx/Rx beams are used and UEs are moving, even after initial beam pairing, Tx UE and Rx UE need to adjust Tx/Rx beams to maintain the beam link.
Observation 6: It is not efficient to use the initial beam pairing procedure for beam maintenance because initial beam pairing does not utilize temporal correlation of previously used beams.
Observation 7: Blockage and UE mobility incur intermittent link connectivity and beam link failure.
Observation 8: Wide beams allow UEs to receive signals from wider directions and transmit signals to wider directions, but it has a decreased beamforming gain and thus reduces the communication range. On the other hand, narrow beams allow UEs to increase the beamforming gain and thus increase the communication range, but it covers narrower directions.
Observation 9: Rel-16/17 NR sidelink resource selection and reservation assume omni-directional transmission and reception and may not be suitable for beam-based sidelink communication in FR2 bands.
Observation 10: If directional Tx/Rx beams are used, Rx UEs may miss resource reservation/SCI from other Tx UEs, and the existing Rel-16/17 sidelink sensing mechanism would not work properly. This leads to inappropriate resource selection.
Observation 11: The directionality of beam-based communication can be utilized to improve the spatial reuse of time/frequency resources.

Proposal 1: Study fast, efficient beam management solutions for initial beam alignment, beam maintenance, and beam failure recovery to support UE mobility.
Proposal 2: Study fast, efficient beam initial beam pairing solutions to support UE mobility.
Proposal 3: Study fast, efficient beam maintenance solutions to support UE mobility.
Proposal 4: For beam maintenance, study triggers to initiate the beam maintenance procedure.
Proposal 5: Study fast, efficient beam failure recovery solutions to mitigate the impact of blockage and beam link failure.
Proposal 6: For beam failure recovery, study triggers to initiate the beam failure recovery procedure.
Proposal 7: Study the impact of different beamwidths (e.g., wide beams and narrow beams) in sidelink beam management.
Proposal 8: For beam failure recovery, study triggers to change Tx/Rx beams from narrow beams to wide beams.
Proposal 9: If the Tx/Rx beamwidth is dynamically changed, study how to announce the beam information (e.g., narrow/wide beam, beam direction, time/frequency resources, etc.) so that UEs are aware of the beam information with each other.
Proposal 10: Study enhancements of sensing, resource selection, and resource reservation/SCI to take into account directional Tx/Rx beams and UE mobility.
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