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1. [bookmark: _Ref127452035][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
The revised WID for NR sidelink (SL) evolution has been approved in RAN#98e [1]. SL beam management were agreed for further investigation:
	[bookmark: _Hlk89917254]3. 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.


In this contribution, we will discuss the SL beam management framework.
2. [bookmark: _Ref127451361]Assumption on TX/RX beam
[bookmark: _Ref47611271][bookmark: _Ref47611245]Beam based transmission and reception is beneficial for spatial resource reuse and coverage improvement between UEs. Hence, it is strongly motivated to use directional transmission and directional reception for SL operation in FR2. However, there may be some SL specific issues to use the directional beam. In this section, the issues to use directional transmission or directional reception are analysed per SL channel, and our preference on the use of directional beam are provided accordingly.
Beam for PSCCH/PSSCH TX/RX
PSCCH is used to provide resource reservation information for resource selection and control information for PSSCH decoding. Before determining the PSCCH TX/RX beam, the impact on these procedures should be carefully analysed.
For mode 2 resource selection procedure, if a resource is reserved by a proximity UE, the resource will be excluded by the TX UE to avoid resource collision. If the UE monitors PSCCH via directional beam, the UE cannot detect resource reservation(s) from the UEs located outside the coverage of the directional reception beam; and if the UE sends PSCCH via a directional beam, the UE cannot inform all the proximity UEs of the resource reservation information. Hence, when either PSCCH transmission beam or PSCCH reception beam is directional, legacy mode 2 resource selection will be negatively impacted.
[bookmark: _Ref127451461]Observation 1: When either PSCCH reception beam or PSCCH transmission beam is directional, mode 2 resource selection procedure will be negatively impacted.
In order to check whether directional PSCCH is still beneficial or not considering the impact on mode 2 sensing procedure, three cases of PSCCH beam setting are simulated. The simulation result is shown in Table 1, it can be observed that the best average UTP UPT is obtained when assuming PSSCH transmission and reception beam are directional. This is because, use of directional beam for PSCCH TX/RX brings spatial reuse gain and beamforming gain, and the gain can compensate the loss due to in-effective sensing.
[bookmark: _Ref127439531]Table 1 average User TPPT
	 
	TX directional
RX directional 
	TX directional
RX Omni
	TX Omni
RX Omni

	Average UTPUPT
	1.75 Mbps
	1.35 Mbps
	 0.89 Mbps


[bookmark: _Ref118739482]Observation 2: Using directional beam for PSCCH transmission and reception is beneficial, considering that the spatial reuse gain and beamforming gain can compensate the loss due to the in-effective sensing. 
For SL data decoding, the UE may blindly monitor PSCCH/PSSCH in all directions. If the reception beam of PSCCH/PSSCH is directional, the UE may miss some data sent by the UE outside the coverage of the reception beam. However, such drawback can be overcome by enhanced resource coordination, which is discussed in section 7. Therefore, from data decoding perspective, it can be assumed that the reception beam for PSCCH/PSSCH reception is directional. 
[bookmark: _Ref127451464]Observation 3: When PSCCH/PSSCH reception beam is directional, the UE may miss some PSCCH/PSSCH transmitted by the UE outside the reception beam coverage; however, the issue can be mitigated by proper resource coordination. 
Based on the above analysis, the following proposal is made.
[bookmark: _Ref127451470]Proposal 1: For PSCCH/PSSCH transmission and reception, directional beam is assumed.  
Beam for PSFCH TX/RX 
A UE may transmit or receive multiple PSFCHs simultaneously, and the multiple PSFCHs may be transmitted to or come from UEs in all the directions. If directional transmission or reception beam is used, it may incur loss of some PSFCH transmissions or receptions. Therefore, at least omni-directional beam can be used for PSFCH transmission and reception. However, directional beam can be also considered for PSFCH transmission and reception for some cases, e.g., when all the associated PSFCH can be transmitted or received simultaneously, directional beam is used. Thus, RAN1 should carefully study whether/how to use directional beam for PSFCH transmission and reception
[bookmark: _Ref127451472]Proposal 2: For PSFCH transmission and reception, both omni-directional beam and directional beam should be further studied considering different applicable scenarios.
3. Initial beam training 
[bookmark: _Ref118742394]In NR Uu, initial beam training is performed during the initial access procedure, i.e., gNB sends SSBs in beam sweeping manner, and UE monitors the SSB transmissions using different Rx beams and sends PRACH using the best beam for beam report. Similar to the Uu link, SL UE can also perform initial beam training during the SL unicast link establishment procedure. By this way, it is not necessary to introduce additional RS (other than the CSI-RS that can only be configured by PC5-RRC) for beam measurement, as well as initial beam training/reporting procedure before the PC5-RRC connection establishment.
The Rel-16 NR SL PC5 unicast link establishment is illustrated in Figure 1 as a four-step procedure, a UE (UE-A) sends direct communication request for discovery of its pair UE, if a pair UE (UE-B) decides to build connection with UE-A, UE-B feedbacks message for security check, etc. When operating in FR2, UE-A can send direct communication request in beam sweeping manner for coverage enhancement, if UE-B detects UE-A, UE-B feedbacks selected transmission beam to UE-A. After the initial beam training, UE-A and UE-B can communicate with coarse beam as in step 3 and step 4 in  Figure 1.  
[image: ]
[bookmark: _Ref127440098]Figure 1 initial beam training during PC5 unicast link establishment procedure
[bookmark: _Ref127451473]Proposal 3: Initial beam training is performed during PC5 unicast link establishment procedure. 
4. Beam training based on CSI-RS
In NR Uu, beam training can be performed via CSI report procedure. The gNB configures a set of CSI-RS resources with ‘repetition on/off’ property, where ‘repetition on/off’ means CSI-RS are transmitted with the same/different beam(s). The gNB also configures CSI report with quantity CRI/RSRP, and the UE feedbacks selected CRI and associated RSRP to the gNB after measurement on the CSI-RS linked with the CSI report. 
In Rel-16 NR SL, CSI feedback procedure is also supported, but only for CQI/RI feedback. The SL CSI-RS configuration is exchanged between UE-pair after the PC5-RRC connection establishment. Then a UE sends CSI-RS along with CSI request indicator, its pair-UE feedback CSI containing CQI/RI within a latency bound after the CSI-RS reception. 
To enhance SL CSI report procedure for beam training purpose, both CSI-RS resource configuration and CSI report quantity should be enhanced. The CSI-RS resource configuration should be able to configure a set of CSI-RS resources and the repetition on/off property associated with the CSI-RS resource set. The CSI report quantity should include CRI/RSRP result. When the CSI report is for transmission beam training purpose, CRI/RSRP is reported. 
[bookmark: _Ref127451476]Proposal 4: Enhance SL CSI report procedure to support beam training. 
[bookmark: _Ref127451477]Proposal 5: Study SL CSI-RS resource set configuration for beam training purpose, and repetition on/off property should be configured associated with the CSI-RS resource set configuration. 
[bookmark: _Ref127451479]Proposal 6: Enhance SL CSI report to include CRI/RSRP as report quantity.  
Another issue is how to set the CSI-RS transmission indicator (or CSI request indication). In Rel-16, 1-bit flag is used for the indication, however, 1-bit flag may not be sufficient considering multiple different CSI-RS resource configurations and multiple CSI report quantities. Thus, the flag should at least be able to distinguish different CSI-RS resource configurations and CSI report quantities. 
[bookmark: _Ref127451481]Proposal 7: SL CSI-RS transmission indicator (or CSI report request indicator) should be enhanced to distinguish different CSI-RS resource configurations and/or CSI report quantities.  
One more issue is the resource mapping of CSI-RS. For transmission beam training, multiple SL CSI-RSs are transmitted in beam sweeping manner. If these CSI-RSs are mapped on the same slot, the reception power at RX UE or proximity UE may vary on the symbols with CSI-RS, and may affect the receiver decoding performance due to AGC issue. Hence, how to mapping the CSI-RS for beam sweeping should be further studied.
[bookmark: _Ref127451482]Proposal 8: Study SL CSI-RS resource location for beam sweeping purpose, e.g., mapping multiple swept CSI-RS on single slot or on multiple slots, as well as the symbols within the slot.  
Furthermore, if the SL CSI-RS belonging to a given CSI-RS resource set is mapped on multiple slots, the timing relationship between the CSI-RS transmission and CSI report should be clarified. In Rel-16 NR SL, in order to avoid CSI-RS transmission and CSI report mismatch, CSI reporting UE should transmit CSI report within a configured latency bound after the CSI-RS resource, and CSI-RS transmitting UE cannot transmit a new CSI-RS before a latency bound. If a set of CSI-RS spans multiple slots, whether/how to apply such rule should be further clarified. 
[bookmark: _Ref127451486]Proposal 9: Revisit the rule to link CSI-RS transmission and associated CSI report.
5. Beam failure detection and recovery   
In NR Uu, beam failure recovery (BFR) procedure is comprised of beam failure detection (BFD), new beam identification, beam failure recovery request and transmission beam confirmation. The Uu BFD and new beam identification highly depends on periodic CSI-RS transmission. If Uu BFR procedure is reused for SL BFR, periodic signal between pair UE should be supported. During Rel-16 SL RLM discussion, there was no consensus to support periodic signal for RLM purpose due to large signaling overhead to convey the signaling on PSSCH. This Rel-16 SL RLM mechanism should be used as the baseline for BFD, for the sake of effective discussion. 
Another approach to handle beam failure is simply retrain the beam pair, e.g., using CSI report procedure. RAN1 can assume that the beam failure can be detected based on HARQ-ACK feedback similar to Rel-16 RLM procedure. After beam failure is detected, the UE triggers beam training procedure to find new beam pair.
[bookmark: _Ref127451488]Proposal 10: Regarding SL beam failure recovery, UE performs beam retraining based on CSI report when detecting beam failure based on HARQ-ACK feedback.
6. Beam indication   
Regarding beam indication in NR Uu, the gNB indicates the DL TX or UL RX beam(s) to UE. Based on the beam indication, the UE can select its corresponding the DL RX or UL TX beam(s). Similar to the NR Uu, the TX UE can indicate the TX beam(s) for sidelink transmission and the RX UE adjusts its own RX beam(s) based on the indication. 
Regarding the beam indication, one issue is that to which resource the beam indication is applied for sidelink reception. One way is that the TX UE indicates the TX beam on the associated PSSCH and the RX UE adjusts the RX beam based on the beam indication, similar to the current CSI-RS request indication. However, considering the processing time of the signaling decoding and beam switching, RX UE may not have sufficient time to adjust its reception beam. For example, if the beam indication is conveyed in the 1st SCI, the time gap between the 1st SCI decoding and data reception may not be enough for RX UE to adjust its reception beam. Another way is that TX UE indicates the (to be activated) TX beam on the reserved resources. Beam based reception can be applied to the reserved resource after receiving the beam indication. Nevertheless, the beam indication may not be accurate after a period of time due to the movement of the TX/RX UE. The time gap among the reserved resources should be considered.
[bookmark: _Ref127451490]Proposal 11: Investigate the following solutions for beam indication from TX UE side:
- Option1: TX UE indicates the TX beam on the associated PSSCH;
- Option2: TX UE indicates the TX beam on the reserved resource.
7. [bookmark: _Ref127451438]Beam coordination    
As discussed in section 2, if the reception beam of RX UE is directional, it may miss some PSCCH/PSSCH transmission outside the reception beam coverage as SL UE may not be able to perform directional receptions simultaneously using multiple beams. Therefore, how the RX UE can receive multiple PSCCH/PSSCH transmissions from different directions should be studied. 
One potential solution is that RX UE coordinates the transmission time resources (i.e., TDMed resources) for different TX UEs based on RX UE’s intended reception beams. For example, by reusing the Rel-17 IUC scheme 1 as a baseline, the RX UE can provide preferred resources to different TX UEs on different reception beams. As shown in Figure 2, UE-A recommends the different time resources to UE-B and UE-B’ based on UE-A’s reception beams.
[image: ]
[bookmark: _Ref127449664]Figure 2 UE-A coordinates the transmission time resources for UE-B and UE-B’
[bookmark: _Ref115356967]In the other way around, the RX UE can also coordinate the transmission beams of different TX UEs based on RX UE’s intended reception beam, thus RX UE can use the same beam to receive the transmissions from different TX UEs. As shown in Figure 3, if UE A finds the RX beam corresponding to the transmission indicated by UE-B is different from the intended RX beam, UE A will recommend a new suitable beam to UE-B and UE-B will switch to the beam.
[image: ]
[bookmark: _Ref127449689][bookmark: _Ref127178873]Figure 3 UE-A coordinates the transmission beams for UE-B
[bookmark: _Ref127451491] Proposal 12: Investigate the following options for beam coordination from RX UE side:
- Option 1: RX UE coordinates the transmission time resources for different TX UEs based on RX UE’s intended reception beam.
- Option 2: RX UE coordinates the transmission beams for different TX UEs based on RX UE’s intended reception beam.
8. Beam based resource reservation and selection     
As discussed in section 2, beam based transmission and reception is beneficial for spatial resource reuse, which enable two proximity UEs to use the same resource to transmit two dedicated TBs. However, the principle of legacy mode 2 resource selection aims to avoid the proximity UEs from using the same resource. As a consequence, mode 2 resource selection mechanism will degrade the potential spatial reuse gain.
In order to check the potential performance degradation, mode 2 resource selection and random selection are simulated assuming that the PSCCH/PSSCH transmission beam and reception beam are directional. The simulation results are shown in Table 2. It is observed that random selection provides more average UTP UPT than mode 2 resource selection.
[bookmark: _Ref127437779][bookmark: _Hlk127544756]Table 2 Average User UTPT
	
	Mode 2
	Random selection

	Average UTPUPT
	1.75 Mbps
	1.83 Mbps


[bookmark: _Ref127451465]Observation 4: When adopting beam-based transmission and reception in FR2 directly for the Rel-16 NR SL mode 2 resource selection, notable performance loss is observed compared with random resource selection. 
More precise collision avoidance should base on valid interference information at receiver side. Similar principle/mechanism was adopted in Rel-17 inter-UE coordination (IUC) scheme 1, where the non-preferred resource can be determined based on high interference resource sensed by RX UE or reception resource of RX UE.
By reusing the principle of Rel-17 IUC scheme 1, the non-preferred resource can be determined based on reception resource for more precise interference control. Also, the mechanism can be enhanced based on TX/RX beam to achieve spatial resource reuse gain. The detailed procedure to combine resource coordination and beam management is elaborated as following and illustrated in Figure 4.  
· Step 1: All proximity UEs (including the RX UE) can send message containing non-preferred resource determined based on their reception resources. The message is transmitted using the beam corresponding to the associated reception resource or a beam that covers the reception beam. 
· Step 2: TX UE that can detect such message excludes the non-preferred resource in their resource selection procedure. This is because, when the TX UE detects such message, it means that the transmission from the TX UE may interfere the reception of a proximity UE. 
· It is noted that, the TX UE can perform directional sensing using transmission beam (assuming beam correspondence). For a given transmission beam that does not detects the non-preferred resource, TX UE can still use the resource for transmission to achieve spatial resource reuse gain.
· Step 3: TX UE performs transmission using the transmission beam on the per-beam selected resource.
[image: ]
[bookmark: _Ref127435148]Figure 4 beam based non-preferred resource notification

[bookmark: _Ref127451494]Proposal 13: Investigate the following mechanisms to exploit the spatial reuse gain:
- Non-preferred resource determination and notification mechanism based on directional reception beam;
- Sensing mechanism enhancement based on directional sensing beam.
9. Conclusion
This contribution focus on the beam management for sidelink on FR2 licensed spectrum, and providing the following observations and proposals:
Observation 1: When either PSCCH reception beam or PSCCH transmission beam is directional, mode 2 resource selection procedure will be negatively impacted.
Observation 2: Using directional beam for PSCCH transmission and reception is beneficial, considering that the spatial reuse gain and beamforming gain can compensate the loss due to the in-effective sensing.
Observation 3: When PSCCH/PSSCH reception beam is directional, the UE may miss some PSCCH/PSSCH transmitted by the UE outside the reception beam coverage; however, the issue can be mitigated by proper resource coordination.
Observation 4: When adopting beam-based transmission and reception in FR2 directly for the Rel-16 NR SL mode 2 resource selection, notable performance loss is observed compared with random resource selection.
Proposal 1: For PSCCH/PSSCH transmission and reception, directional beam is assumed.
Proposal 2: For PSFCH transmission and reception, both omni-directional beam and directional beam should be further studied considering different applicable scenarios.
Proposal 3: Initial beam training is performed during PC5 unicast link establishment procedure.
Proposal 4: Enhance SL CSI report procedure to support beam training.
Proposal 5: Study SL CSI-RS resource set configuration for beam training purpose, and repetition on/off property should be configured associated with the CSI-RS resource set configuration.
Proposal 6: Enhance SL CSI report to include CRI/RSRP as report quantity.
Proposal 7: SL CSI-RS transmission indicator (or CSI report request indicator) should be enhanced to distinguish different CSI-RS resource configurations and/or CSI report quantities.
Proposal 8: Study SL CSI-RS resource location for beam sweeping purpose, e.g., mapping multiple swept CSI-RS on single slot or on multiple slots, as well as the symbols within the slot.
Proposal 9: Revisit the rule to link CSI-RS transmission and associated CSI report.
Proposal 10: Regarding SL beam failure recovery, UE performs beam retraining based on CSI report when detecting beam failure based on HARQ-ACK feedback.
Proposal 11: Investigate the following solutions for beam indication from TX UE side:
- Option1: TX UE indicates the TX beam on the associated PSSCH;
- Option2: TX UE indicates the TX beam on the reserved resource.
Proposal 12: Investigate the following options for beam coordination from RX UE side:
- Option 1: RX UE coordinates the transmission time resources for different TX UEs based on RX UE’s intended reception beam.
- Option 2: RX UE coordinates the transmission beams for different TX UEs based on RX UE’s intended reception beam.
Proposal 13: Investigate the following mechanisms to exploit the spatial reuse gain:
- Non-preferred resource determination and notification mechanism based on directional reception beam;
- Sensing mechanism enhancement based on directional sensing beam.
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Annex I
[bookmark: _GoBack]Table 3 System evaluation parameters
	Parameter
	Value

	scenario
	Indoor office

	Carrier frequency 
	30GHz

	Subcarrier spacing
	120KHz

	Reference Signal Transmission Bandwidth
	100MHz

	UE distribution
	30 UE pairs with random selection, distance of pair UE is shorter than 40m

	Beam number
	8 TX beams and 8 RX beams

	UE Tx power
	23 dBm (no power control)

	Traffic model
	Period traffic with packet size of 7500bytes to15000bytes

	Resource allocation scheme
	Reserved based Scheme in R16 and Random selection

	UE receiver noise figure
	13dB

	UE speed
	3km/h

	Receiver
	MMSE IRC

	Max rank
	1

	Sensing initial RSRP threshold
	-110dB

	Metric
	UTPUPT

	TX/RX of PSCCH and PSSCH
	Case1: PSCCH TX(Directional) RX(Directional)/PSSCH TX(Directional) RX(Directional)
Case2:PSCCH TX(Directional) RX(Omni)/PSSCH TX(Directional) RX(Directional)
Case3:PSCCH TX(Omni) RX(Omni)/PSSCH TX(Directional) RX(Directional)
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