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Introduction
[bookmark: _Hlk525462591]In RAN#94-e, the WID on NR sidelink evolution was agreed; it was most recently revised in RAN#97-e [1]. The WID includes the following objective for sidelink operation in FR2:
	3. [bookmark: _Hlk89917254][bookmark: _Hlk114651095]Study and specify enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2, RAN4] (Determine in RAN#98-e whether to continue the study or study + specification work for FR2 until the end of R18)
· [bookmark: _Hlk89917271]Focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022. [RAN1]
· [bookmark: _Hlk89917283]Work 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.
· [bookmark: _Hlk89917309]Beam management in FR2 licensed spectrum considers sidelink unicast communication only.



In this contribution, we discuss a few remaining issues regarding the evaluation assumptions/methodology for FR2 sidelink beam management. 
Remaining issues on evaluation methodology for FR2 sidelink beam management
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634][bookmark: Proposal60954]Predefined codebook(s) for FR2 sidelink beam management evaluation
The following was agreed in RAN1#110bis-e regarding the UE antenna model to be used for evaluation of FR2 sidelink beam management solutions:
	Agreement
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, for UE antenna parameters, reuse the antenna element pattern and antenna array configuration for pedestrian UE and cellular UE as in Table 6.1.4-6 and Table 6.1.4-7 of TR 37.885.


One issue that may arise during evaluation of competing technical solutions for sidelink beam management is that different companies may provide simulation results using different beamforming codebooks. For example, CompanyA may use a high-resolution codebook (e.g., 16 azimuth beams with 10° azimuth beamwidth) while CompanyB uses a low-resolution codebook (e.g., 4 azimuth beams wit 40° azimuth beamwidth). On the one hand, CompanyA will see higher beamforming gains and better interference rejection (due to narrower beams); on the other hand, CompanyA will be more prone to beam misalignment as well as increased latency for beam (re)alignment/tracking/maintenance (due to a larger number of required beam measurements as a result of using a larger codebook); both of which impact UPT, latency and PRR (in opposite ways). It will be very difficult to compare results if companies don’t use at least a similar spatial resolution (beamwidth) and codebook size (number of beams). For example, CompanyA may (wrongfully) claim that their beam pairing/maintenance solution is better based on achieving a higher UPT – however, the higher UPT may be the result of using narrower beams than CompanyB, rather than using a better beam pairing/maintenance strategy.

[bookmark: Obs35070]Observation 1: Without a common beamforming codebook (incl. codebook size and azimuth/elevation beamwidth), it may be difficult to compare simulation results (UPT, latency, PRR, etc.) from different companies.
[bookmark: Proposal58860]Proposal 1: RAN1 to agree on one or more predefined codebook(s), incl. at least number of beams (i.e., codebook size) and spatial resolution (azimuth/elevation beamwidth), to be used for evaluation of FR2 sidelink beam management solutions.
UE mobility model and rotation model
The following simulation parameters were agreed in RAN1#110bis-e for evaluation of FR2 sidelink beam management solutions:
	Agreement
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, consider at least the following parameters: 
· Carrier frequency: 30 GHz
· Sub-carrier spacing: 120 kHz (baseline), 60 kHz (optional)
· Simulation bandwidth: 100 MHz (baseline), 200 MHz (optional)
· UE receiver noise figure: 13 dB (baseline), 10 dB (optional)
· UE Tx power: 23 dBm (EIRP should not exceed 43 dBm)
· UE speed: 3 km/h


One aspect that has not been agreed is the specific UE mobility model to be used – only the UE speed (3 km/h) has been agreed. The simple random waypoint mobility model may be used for this purpose.
[bookmark: Proposal58861]Proposal 2: RAN1 to use the random waypoint mobility model for evaluation of FR2 sidelink beam management solutions.
Another aspect that has not been discussed so far is UE rotation, which may be common in commercial use cases with handheld devices (smartphones, tablets, etc.). Even a slight UE rotation may lead to sidelink beam failure (especially for narrow beams), e.g., if beam measurement(s) and re-alignment/maintenance are not performed frequently/fast enough. Thus, it is recommended to align company views on (1) how frequently, (2) how much and (3) how fast UEs may rotate (in both azimuth and elevation).
[bookmark: Obs35071]Observation 2: UE rotation may be common in commercial use cases with handheld devices.
[bookmark: Proposal58862]Proposal 3: RAN1 to align on UE rotation parameters (in both azimuth and elevation) for evaluation of FR2 sidelink beam management solutions, incl. (1) rotation probability/frequency (e.g., one rotation event every 30s), (2) rotation angle (e.g., up to 180° in azimuth) and (3) rotational speed (e.g., 90°/second).

Sidelink CSI-RS assumptions
According to the current specification, sidelink CSI-RS are transmitted within the PSSCH region when the TX UE transmits its data to the RX UE. The current sidelink CSI-RS is a simplified subset of the Uu CSI-RS design, where only 1 and 2 antenna ports are supported, and the density is set at 𝜌=1.
For the purpose of evaluation of FR2 sidelink beam management, we need to clarify at least two points regarding the sidelink CSI-RS design:
1. Is the current sidelink CSI-RS density (in the time domain) enough to enable fast beam (re)alignment?
a. The higher the number of sidelink CSI-RS symbols transmitted within a slot, the faster the Rx UE will be able to perform the corresponding beam measurements;
2. Are standalone sidelink slots for the purpose of beam (re)alignment needed?
a. It needs to be clarified whether a UE may transmit standalone sidelink CSI-RS (without associated PSSCH), e.g., for initial beam pairing.

[bookmark: Obs35072]Observation 3: The maximum number of symbols with sidelink CSI-RS within a slot constrains how fast beam measurements may be performed, which may impact simulation results (e.g., in case of fast UE rotation).
[bookmark: Proposal58863]Proposal 4: RAN1 to align on the maximum number of symbols with sidelink CSI-RS within a slot.
[bookmark: Proposal58864]Proposal 5: RAN1 to discuss whether a UE may transmit standalone sidelink CSI-RS (without associated PSSCH) for the purpose of beam (re)alignment.

Additional performance metric for quantifying sidelink beam misalignment
The following was agreed in RAN1#110bis-e regarding performance metrics to be used for evaluation of FR2 sidelink beam management solutions:
	Agreement
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, performance metric includes UPT, latency and PRR which regards the packet whose delay exceeding the remaining PDB as transmission failure. 
·  FFS: UE satisfaction as section 7.2 in TR 38.838 for XR traffic evaluation


The agreed performance metrics (UPT, latency and PRR) will be impacted by beam misalignment, e.g., due to beam re-alignment/maintenance (beam tracking) being too slow in the presence of fast UE mobility, rotation or channel changes. However, these “macroscopic” performance metrics are impacted by other impairments, such as interference, etc. Therefore, it may be difficult to assess the merits and drawbacks of competing beam pairing/maintenance solutions by simply comparing such performance measures.
An additional “microscopic” performance metric specifically characterizing beam misalignment would be very useful to understand how well a beam pairing/maintenance solution performs compared to an alternative approach. One possible metric could be “misalignment ratio”, i.e., what percentage of transmissions use a beam pair other than the optimal one. However, such a metric would not capture how severe the misalignment is (e.g., is it 10° or 30°?, are both Tx beam and Rx beam misaligned or just one of them?, etc.). The severity of the misalignment could be captured by comparing the actual measured RSRP (based on sidelink CSI-RS measurements using the selected beam pair) with the maximum achievable RSRP (using the best possible beam pair).

[bookmark: Obs35073]Observation 4: The agreed performance metrics (UPT, etc.) may be too “macroscopic” (i.e., lack sufficient specificity) to be useful for comparing alternative beam pairing/maintenance solutions, as these metrics are impacted by other impairments such as interference.
[bookmark: Proposal58865]Proposal 6: RAN1 to define an additional performance metric to quantify the likelihood and severity of beam misalignment (e.g., misalignment ratio, gain loss caused by misalignment, etc.).

Conclusions
[bookmark: ConclusionsPObsInSeq]In this contribution, we have the following observations and proposals:
Observation 1: Without a common beamforming codebook (incl. codebook size and azimuth/elevation beamwidth), it may be difficult to compare simulation results (UPT, latency, PRR, etc.) from different companies.
Proposal 1: RAN1 to agree on one or more predefined codebook(s), incl. at least number of beams (i.e., codebook size) and spatial resolution (azimuth/elevation beamwidth), to be used for evaluation of FR2 sidelink beam management solutions.
Proposal 2: RAN1 to use the random waypoint mobility model for evaluation of FR2 sidelink beam management solutions.
Observation 2: UE rotation may be common in commercial use cases with handheld devices.
Proposal 3: RAN1 to align on UE rotation parameters (in both azimuth and elevation) for evaluation of FR2 sidelink beam management solutions, incl. (1) rotation probability/frequency (e.g., one rotation event every 30s), (2) rotation angle (e.g., up to 180° in azimuth) and (3) rotational speed (e.g., 90°/second).
Observation 3: The maximum number of symbols with sidelink CSI-RS within a slot constrains how fast beam measurements may be performed, which may impact simulation results (e.g., in case of fast UE rotation).
Proposal 4: RAN1 to align on the maximum number of symbols with sidelink CSI-RS within a slot.
Proposal 5: RAN1 to discuss whether a UE may transmit standalone sidelink CSI-RS (without associated PSSCH) for the purpose of beam (re)alignment.
Observation 4: The agreed performance metrics (UPT, etc.) may be too “macroscopic” (i.e., lack sufficient specificity) to be useful for comparing alternative beam pairing/maintenance solutions, as these metrics are impacted by other impairments such as interference.
Proposal 6: RAN1 to define an additional performance metric to quantify the likelihood and severity of beam misalignment (e.g., misalignment ratio, gain loss caused by misalignment, etc.).
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