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1 Introduction

In RAN#99 meeting, the WID is updated to continue the study of enhanced sidelink operation on FR2 licensed spectrum [1]:
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In this contribution, we discuss on the issues and potential solution on supporting sidelink beam management.
2 Initial beam pairing

2.1 Initial beam paring procedures
In RAN1#112bis-e meeting, the following agreements are made:

	Agreement
RAN1 can study the following candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, including at least the following steps and how to determine UE2:

· UE1 sends reference signals via different transmit beams

· Note: multiple reference signals transmissions (e.g. repetitions) from each of the beams can be studied

· FFS when reference signals are sent

· FFS applicable reference signal

· UE2 measures the reference signals and determines a UE1 transmit beam and/or a UE2 receive beam 

· FFS:whether/how to determine a UE2 transmit beam 

· UE2 indicates to UE1 the determined UE1 transmit beam 

· FFS how to indicate the determined transmit beam, including its feasibility

· UE1 and UE2 set up sidelink unicast link using the determined beam, following existing link establishment procedure. 


In NR Uu, the initial beam pairing can be determined before Uu communication is setup. A UE can measure the DL beams associated to different SSB(s), and inform the gNB which beam is preferred using initial access procedures. For each DL SSB occasion, the corresponding PRACH occasion(s) are configured. The gNB can know which DL beam is preferred based on the association between SSB and PRACH occasion(s) where the PRACH signal is received.

Similar as Uu design, periodic beam management reference signals can be transmitted for beam sweeping. To identify different UEs and different TX beams, beam management information including at least the source UE ID and beam ID information can be transmitted together with the beam management reference signal. 
Proposal 1: SL beam management information is transmitted together with SL beam reference signal for initial beam pairing

The PSCCH/PSSCH transmission and resource reservation mechanism in NR SL can be reused for the transmission of beam management signal. Periodic-based resource selection and reservation can be reused for indication of the resource for beam management signal. SL CSI-RS can be reused as the reference signal for initial beam pairing. In such a way, SL beam management signal transmission can be dynamically FDM/TDMed with other SL communication transmissions in a given SL resource pool. 
The other alternative is to define a specific SL beam management physical layer channel for initial beam management. A separate set of SL resources need to be assigned for SL beam management signal transmissions. Either SL CSI-RS or S-SSB can be the candidate for the SL beam management reference signal. 
Proposal 2: The following alternatives are studied for SL beam management signal transmission 
- SL beam management information and reference signal are transmitted by PSCCH/PSSCH

- A new PHY channel is defined for SL beam management information and reference signal transmissions
In addition, as RACH procedure is not supported in NR SL, a new SL procedure for RX UE to report the preferred TX beam to TX UE needs to be defined. Using similar concept as RACH procedure, a response time window can be defined for each UE-specific beam management signal transmission. The TX UE of the beam management signal will try to receive the response from other RX UE(s) within the window, with the RX beam which has the same spatial relationship with the TX beam of beam management signal transmission. If the other RX UE wants to build unicast connection to the TX UE, the RX UE can transmit DCR message using the TX beam. By this way, the initial beam pairing between two UEs can be established without coverage loss.

Proposal 3: A response time window is defined for each TX beam for initial beam pairing, where the TX UE receives using RX beam which has the same spatial relationship as the associated TX beam.
2.2 Reference signal for initial beam pairing
In RAN1#112bis-e, the following agreement is made:

	Agreement
To study the feasibility of reusing SL CSI-RS for initial beam pairing, at least the following enhancements can be considered. 

· SL CSI-RS transmission with or without sidelink data transmission in the same slot

· FFS: slot structure

· Mapping between SL CSI-RS transmission/resource and beam related information

· Periodic SL CSI-RS transmission, semi-persistent SL CSI-RS transmission, or aperiodic SL CSI-RS transmission, with or without SCI indication 

· Allocation of SL CSI-RS beam sweeping resources and if applicable, their associated beam reporting resources

· Study the possibility to apply SL CSI-RS for initial beam pairing before, during or after unicast link establishment

· FFS: How to provide SL CSI-RS resource configuration

· Whether or how to mitigate/avoid the interference between overlapped SL CSI-RS transmissions from different UEs

· SL CSI-RS transmission with or without repetition on transmit beams


Sidelink CSI-RS has been supported in NR Rel-16/17 for CSI report of CQI and RI, and thus can be used for sidelink beam management with limited specification impact. The current sidelink CSI-RS configurations can be mostly reused including the sequence generation, comb setting, time-frequency domain RE mapping, etc. 

Observation 1: Existing Sidelink CSI-RS can be reused for SL beam management with limited specification impact, with necessary enhancement such as standalone CSI-RS

Sidelink SSB

S-SSB is supported in NR Rel-16/17 for synchronization among SL UEs. However, there are many difficulties to use Sidelink SSB for SL beam management. There is no UE identity in S-SSB transmission, and all the S-SSBs transmitted in the same synchronization resource are SFNed. From receiver UE perspective, it cannot distinguish among S-SSBs transmitted from different SL UEs. 

To support UE-specific S-SSB, all the existing SL synchronization signals and procedures shall be revisited including S-SSB structure, PSBCH content, synchronization resource (pre)configurations, prioritization and selection among synchronization source(s), etc. Considering the potential huge specification impact and limited TUs in R18 SL WI, it is not preferred to consider S-SSB as a candidate reference signal for sidelink beam management.

Observation 2: Supporting UE-specific S-SSB would introduce much specification impact and thus is not preferred.

Based on the above discussions, we propose:

Proposal 4: For reference signal of initial sidelink beam pairing, sidelink CSI-RS is considered as the baseline.
3 Beam maintenance

3.1 SL TCI state

The quasi-colocation and TCI concept used in NR Uu beam management can be reused to define SL TCI state. Similar as TCI state defined in Uu, each Sidelink TCI-State can be defined as parameters for configuring a quasi-co-location relationship between sidelink CSI-RS and the DM-RS ports of the PSSCH, the DM-RS port of PSCCH or the CSI-RS port(s) of a SL CSI-RS resource. 

Proposal 5: Sidelink TCI state is introduced for Sidelink beam management.

3.2 Beam determination

In NR Uu, the TCI states of UE transmission/reception can be configured or indicated by gNB. However, for NR SL, SL communication for out of coverage UEs and idle UEs are also supported. Therefore, similar as sidelink resource allocation, both gNB based and UE autonomous based TX beam determination needs to be supported. For UE autonomous based TX beam determination, the SL TCI state(s) can be configured by PC5 RRC signalling, and/or activated/indicated by the SCI/MAC CE.

Proposal 6: Both gNB based and UE autonomous based TX beam determination shall be investigated.

For Uu interface, beam correspondence is a mandatory feature for FR2. Beam correspondence can also be assumed in Sidelink beam management, which can simplify the procedure of sidelink beam management. Assuming beam correspondence, a SL UE can determine its transmission beam based on its RX beam sweeping measurement results, and vice versa. 

Proposal 7: Beam correspondence is assumed for SL beam management in FR2.

The following potential procedures can be considered for UE autonomous SL beam management:

Option 1: TX beam sweeping is performed, and the TX UE determines its TX beam based on the indication/report from the other UE;

Option 2: The TX UE determines its TX beam based on the beam correspondence, that is, based on the RX beam training results from the other UE ;

As the receiving power can be very different if different TX beam is used, intra-slot TX beam sweeping would cause AGC issue for other SL transmissions in the same slot. However, intra-slot RX beam sweeping can be considered if the RX UE does not need to receive PSSCH in the slot. Similar as Uu beam management, both options can be supported for SL beam management in FR2, and the two options can be combinedly used to improve the beam alignment performance.

3.3 CSI-RS enhancement

In RAN1#112bis-e, the following agreement is made:

	Agreement
Consider using sidelink CSI-RS as a starting point for beam maintenance.
· FFS: whether/how to enhance existing aperiodic and non-standalone SL CSI-RS

· FFS: periodic and/or semi-persistent SL CSI-RS transmissions 

· FFS: standalone SL CSI-RS transmissions

· Note: standalone SL CSI-RS transmission means at least no accompanying sidelink data (SL MAC SDU) transmissions in the same slot. FFS: accompanying SCI(s) or SL MAC CE transmissions or PSFCH.

· FFS: one or multiple SL CSI-RS transmissions within one slot

· FFS: SL CSI-RS transmissions with or without repetition on transmit beams


Further enhancement on SL CSI-RS can be considered to support beam sweeping with less signaling cost and delay. In Rel-16/17, SL CSI-RS can only be transmitted within a PSSCH transmission. To enable sidelink beam management, a UE may need to transmit or receive CSI-RS multiple times, each with the same or different beam directions. If each CSI-RS transmission needs to be within a PSSCH, the overall signaling cost and delay of beam management would be unnecessarily high.

Therefore, it would be beneficial to allow SL CSI-RS transmitted in time-frequency resource not belong to a PSSCH transmission. Some dedicated resource can be (pre)configured in the SL communication resource pool for SL CSI-RS transmission. As a CSI-RS occupies only limited number of OFDM symbols, the resource for SL CSI=RS transmission can be FDMed with PSFCH. Both periodic based CSI-RS and aperiodic CSI-RS transmission can be considered.
Proposal 8: Standalone SL CSI-RS transmission in resources not belonging to a PSSCH transmission shall be investigated. 
4 Intra-UE collision of TX/RX beams

In RAN1#112bis-e, the following conclusion has been made:
	Conclusion

RAN1 to prioritize the case where a UE is incapable of simultaneous transmitting or receiving PSCCH/PSSCH/PSFCH using different beams in Rel-18.


However, for sidelink communication, a UE can have unicast communications with different UEs simultaneously. For different unicast UE pairs, different TX/RX beams shall be used for PSCCH/PSSCH/PSFCH transmissions and receiving. The issue of intra-UE collision of TX/RX beams shall be investigated and solved.

TX beam collision

In Rel-16/17, a UE may simultaneously transmit more than 1 PSFCH to multiple UEs simultaneously. However, if beam management is considered, different PSFCH transmission may need to use different TX beam direction. If only a single beam can be used for PSFCH transmission, and there are multiple PSFCH(s) with different TX beams for transmission in the same slot, RAN1 needs to determine which PSFCH(s) shall be transmitted, and which TX beam shall be used.

Two solution options can be considered:

Option 1: a subset of PSFCHs is selected based on priority and TX beam direction(s); and the TX beam of the PSFCH with highest priority is used for transmission;
Option 2: a wide TX beam which can cover all TX beams of the PSFCH(s) to be transmitted is used for transmission.

Proposal 9: Investigate the solution when there are multiple PSFCHs with different TX beam to be transmitted in a slot.

RX beam collision
A UE may receive PSCCH/PSSCH/PSFCH from different UEs simultaneously, each of which requires different RX beams. In addition, sensing based resource allocation requires UE to monitor PSCCH from all neighboring UEs, and performs SL-RSRP measurement. The RX beam used for sensing would have a great impact on the SCI detection and S-RSRP measurement results. If RX beam is determined totally based on UE implementation, there is no guarantee on SL communication performance, as the SL reception and sensing performance could degrade a lot if an inappropriate RX beam is used. 
At least the following RX beam collision cases need to be considered and potential solutions can be investigated:

1) When a UE detects multiple unicast reserved resources in the same resource destined to itself, and the RX beam for the transmit UE of each reserved resource is different. The UE can determine whether the reserved resource is unicast or destined to itself by the destination ID and cast type field in SCI which reserves the resource. 

2) When a UE needs to receive multiple PSFCHs in a slot from different UEs each with different RX beam.
3) For initial beam pairing, a UE may need to use a RX beam which has the same spatial relationship as the TX beam of beam sweeping to receive. If the RX beam for initial beam pairing is not as the same as receiving RX beam for a unicast reserved resource, how to determine the RX beam of the UE shall be investigated.
4) If the RX beam for sensing is determined and is different from the RX beam for data reception or initial beam pairing, how to determine the RX beam of the UE shall be investigated.
Proposal 10: Investigate the solution to determine the RX beam of a UE when RX beam collision happens 
5 Beam based Resource allocation

NR R16/17 sidelink mode 2 resource allocation assumes omni-directional TX/RX antenna, and thus the impact of beam management is not considered. If directional antenna is used, the sensing results including both decoded SCI and S-RSRP measurement may be greatly impacted by the RX beam used by the UE. The performance of mode 2 resource allocation can thus be greatly impacted by the beam management, which needs to be investigated.

For sensing based resource allocation, the sensing results are used to predict the interference status in the candidate resource. When directional beam is used in FR2, only if the sensing RX beam is correlated to the intended transmit beam, the sensing result cannot be used to predict the interference in future reserved resource.  For example, if the sensing RX beam can cover or have the same spatial relationship as the intended TX beam, the sensing results can better represent the potential interference in reserved resource. If the sensing RX beam is independent to the intended TX beam, it is difficult to say that the sensing results can be used to predict the interference in the future reserved resource. 
Therefore, when directional beam is used, different sensing beam shall be used in resource selection given different intended TX beam for the data transmission. For a candidate resource in a candidate slot of the resource selection window, the candidate resource can be selected only if the sensing beam in the corresponding set of sensing slots can cover the intended TX beam. Similar as the definition in partial sensing, given a candidate slot and the intended TX beam, a set of sensing slot can be defined within which a SL reservation can reserve resource in the candidate slot, and the sensing RX beam shall have a predefined relationship with the intended TX beam. How to define the relationship between sensing RX beam and intended TX beam can be further studied.
Therefore, we propose:

Proposal 11: Intended TX beam based sensing is investigated for mode 2 resource allocation in FR2.

6  Conclusion

In this contribution, the remaining issue of evaluation methodology for commercial scenario in FR2 are discussed, and our proposals are given:

Proposal 1: SL beam management information is transmitted together with SL beam reference signal for initial beam pairing

Proposal 2: The following alternatives are studied for SL beam management signal transmission 

- SL beam management information and reference signal are transmitted by PSCCH/PSSCH

- A new PHY channel is defined for SL beam management information and reference signal transmissions
Proposal 3: A response time window is defined for each TX beam for initial beam pairing, where the TX UE receives using RX beam which has the same spatial relationship as the associated TX beam.
Proposal 4: For reference signal of initial sidelink beam pairing, sidelink CSI-RS is considered as the baseline.
Proposal 5: Sidelink TCI state is introduced for Sidelink beam management.

Proposal 6: Both gNB based and UE autonomous based TX beam determination shall be investigated.

Proposal 7: Beam correspondence is assumed for SL beam management in FR2.

Proposal 8: Standalone SL CSI-RS transmission in resources not belonging to a PSSCH transmission shall be investigated. 
Proposal 9: Investigate the solution when there are multiple PSFCHs with different TX beam to be transmitted in a slot.

Proposal 10: Investigate the solution to determine the RX beam of a UE when RX beam collision happens 

Proposal 11: Intended TX beam based sensing is investigated for mode 2 resource allocation in FR2.
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Study enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2]


Focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022. [RAN1]


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]


Beam management in FR2 licensed spectrum considers sidelink unicast communication only.








