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Introduction
[bookmark: OLE_LINK368]In RANP#98 meeting, the following objective in NR sidelink evolution SID/WID [1] has been achieved, which leads RAN1 to study the support of sidelink enhancements on FR2 licensed spectrum, this objective focuses on achieving beam management in the FR2 spectrum. The most important motivation is to increase the sidelink data rate and fulfil the requirements of commercial use cases, which is a more interesting scenario in Rel-18, although NR sidelink was originally developed for V2X applications.
	[bookmark: _Hlk89917254][bookmark: OLE_LINK314][bookmark: OLE_LINK315][bookmark: OLE_LINK131][bookmark: OLE_LINK132]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][bookmark: OLE_LINK138][bookmark: OLE_LINK139][bookmark: OLE_LINK133][bookmark: _Hlk89917309]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: OLE_LINK137]Beam management in FR2 licensed spectrum considers sidelink unicast communication only.


In this contribution, we would like to share our preliminary views on sidelink operation on FR2 licensed spectrum, since this is the first meeting to study this objective, we will first provide our views on the study/design principle and make some clarification about the SID, then provide our initial views on initial beam-pairing, beam maintenance, and beam failure recovery, respectively.
Study/Design principle
[bookmark: OLE_LINK134][bookmark: OLE_LINK135][bookmark: OLE_LINK136][bookmark: OLE_LINK371][bookmark: OLE_LINK372][bookmark: OLE_LINK450][bookmark: OLE_LINK451][bookmark: OLE_LINK217][bookmark: OLE_LINK218]In the RANP WID document [1], there is a sentence below the approved objectives, which is “Rel-18 sidelink should be able to coexist with Rel-16/17 sidelink in the same resource pool”, on this basis, Rel-16/17 UE should also have the ability to perform sidelink transmission on FR2 spectrum and coexist with Rel-18 UE in a same resource pool. Since beamforming for sidelink transmission is a new feature in Rel-18 which is not supported by Rel-16/17 UEs, the sidelink transmission from Rel-16/17 UEs can only be performed without beamforming. Therefore, when RAN1 study beam management mechanism in FR2 licensed spectrum, coexistence b/w the transmission from Rel-18 UE with beamforming and the transmission from Rel-16/17 UE without beamforming should be considered.
Proposal 1: When RAN1 study beam management mechanism in FR2 licensed spectrum, coexistence b/w the transmission from Rel-18 UE with beamforming and the transmission from Rel-16/17 UE without beamforming should be considered.
Another aspect should be considered is, although beam management is limited to unicast in Rel-18, it does not mean that only unicast is supported in FR2 spectrum, i.e., UE can also perform groupcast/broadcast transmission on FR2 spectrum, without beamforming. Therefore, when RAN1 study beam management mechanism in FR2 licensed spectrum, coexistence b/w the unicast transmission with beamforming and the groupcast/broadcast transmission without beamforming should also be considered.
Proposal 2: When RAN1 study beam management mechanism in FR2 licensed spectrum, coexistence b/w the unicast transmission with beamforming and the groupcast/broadcast transmission without beamforming should also be considered.
[bookmark: _Hlk101347006]Sidelink beam management
3.1 Initial beam-pairing
[bookmark: OLE_LINK281]In NR Uu, to achieve initial beam-pairing, gNB will perform beam sweeping by using different DL beams to transmit the SSBs with different index, separately. Then UE will use the corresponding preamble and PRACH resource of the selected SSB index, to notify gNB which SSB index (DL beam) is selected by the UE. After this procedure, the transmission b/w gNB and UE can use the beam
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Figure 1 Illustration of initial beam-pairing mechanism in NR Uu

[bookmark: OLE_LINK384][bookmark: OLE_LINK385][bookmark: OLE_LINK293][bookmark: OLE_LINK294]Unlike Uu, RACH procedure does not exist in NR sidelink because the concept of “cell” is not required any more for UE-to-UE communication. Another difference is the communication b/w UEs may not rely on S-SSB transmission/reception to obtain synchronization, for example, when both of the UEs in a unicast session are synchronized to GNSS, the S-SSB transmission/reception can be omitted b/w them accordingly. In general, there are two alternatives on how to design initial beam-pairing for sidelink:
· Alt 1: Based on S-SSB transmission/reception. In Rel-16 NR sidelink, S-SSB is repeatedly transmitted within a S-SSB period (i.e.,160ms), which has reserved some room for designing S-SSB based beam sweeping in Rel-18. However, there are some further issues need to be discussed and solved for this alternative, e.g., whether the existing resource for S-SSB can be reused for the transmission of S-SSB used for initial beam pairing, whether a new S-SSB transmission condition needs to be defined, and whether there are any impacts on the synchronization procedure of Rel-16/17 UEs, etc.
· Alt 2: Based on SL CSI-RS transmission/reception. In Rel-16 NR sidelink, CSI-RS transmission /reception is only used for CQI/RI reporting. However, in Rel-18, according to the SID/WID, the usage of SL CSI-RS can also be extended to achieve beam-pairing b/w UEs. SL CSI-RS Tx UEs can select one or more resources which containing multiple SL CSI-RS resources to achieve Tx beam sweeping and enable Rx UE to measure and determine the selected Tx beam. There are also some potential further issues need to be studied for the alternative, e.g., whether there are some limitations on selecting the SL resource for CSI-RS resource (set) transmission, whether the multiple CSI-RS resources can be located within a same slot, etc.
[bookmark: OLE_LINK447]Observation 1: The initial beam-pairing scheme in NR Uu cannot be reused for sidelink because there is no concept of “cell” in sidelink and RACH procedure is not needed.
[bookmark: OLE_LINK452][bookmark: OLE_LINK453]Proposal 3:	RAN1 should study the following two alternatives for sidelink initial beam-pairing:
· Alt 1: Sidelink initial beam-pairing is based on S-SSB transmission/reception;
· [bookmark: OLE_LINK300][bookmark: OLE_LINK301]Alt 2: Sidelink initial beam-pairing is based on SL CSI-RS transmission/reception.
Furthermore, no matter which of the aforementioned two alts is finally adopted in RAN1, a common issue is how Rx UE determines the associated resource of the selected S-SSB/SL CSI-RS, to transmit a response/confirmation message, which is used to indicate the Tx UE which beam has been selected. Then an association mapping relationship b/w the index of the transmitted S-SSBs or CSI-RSs and the resources for response/confirmation message transmission should be established. At the same time, how to carry the response/confirmation message and the content of this message may also need to be further studied. 
[image: ]
Figure 2 Illustration of association b/w S-SSB/SL CSI-RS resource and the associated resource for response message

Proposal 4: RAN1 should study how to determines the associated resource of the selected S-SSB/SL CSI-RS, to transmit a response/confirmation message for initial beam-pairing.

[bookmark: OLE_LINK456]3.2 Beam maintenance
In NR Uu, UE will obtain L1-RSRP/SINR results from the measurement on CSI-RS used for beam management, then UE will report this result to gNB to make gNB configure/indicate proper TCI-state for PDCCH and PDSCH. In the TCI-state, a reference signal is provided along with a QCL-info. In NR Uu, the TCI state of PDCCH and PDSCH can be different since the TCI-state of PDCCH is activated by a MAC CE, but the TCI-state of PDSCH can be further dynamically indicated by DCI when the gap is larger than a threshold.
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Figure 3 TCI-state configuration/activation/indication for PDCCH and PDSCH in NR Uu

Unlike Uu, in NR sidelink, PSSCH is always transmitted along with the corresponding PSCCH in a same slot. Thus, the gap b/w PSCCH and PSSCH will never be equal or larger than the threshold which is used for control signalling decoding and beam switching. Therefore, from our perspective, same TCI-state should be kept for PSCCH and PSSCH when designing sidelink enhancements on FR2 licensed spectrum.
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Figure 4 Slot structure in NR sidelink

Observation 2: The TCI-state of PSSCH and the corresponding PSCCH cannot be different in sidelink because the gap b/w PSCCH and PSSCH will never be equal or larger than the threshold.
Proposal 5: When RAN1 study beam management mechanism in FR2 licensed spectrum, the TCI-states of PSCCH and PSSCH should always be assumed as same. 
Another potential issue is, in NR Uu, beam maintenance is limited b/w a pair of two devices, i.e., one UE and one gNB. However, in sidelink, a UE may be involved in multiple unicast sessions, then how to achieve beam maintenance among multiple pair of devices needs to be further discussed in RAN1. To ensure the normal communication between UEs in this case, some enhancements may need to be further studied in RAN1. 
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Figure 5 sidelink communication among multiple UE pairs

Proposal 6: When RAN1 study beam management mechanism in FR2 licensed spectrum, how to ensure the available transmission/reception b/w UEs among multiple pairs should be considered.

3.3 Beam Failure Recovery (BFR)
In NR Uu, gNB will configure one or two reference RS (BFR-RS) resource in a set , where the resource type should be limited to periodic and the QCL assumption should be same with the DMRS of PDCCH. When the quality of all BFR-RS is lower than the threshold value Qout_LR, the physical layer will provide the MAC layer a beam failure instance indication. When the number of received beam failure instance is larger than a threshold (BFI_COUNTER >= beamFailureInstanceMaxCount), a BFR procedure will be triggered. That is, UE will select a recommended new beam in , and then notify gNB as , by the associated PRACH resource. Then UE will monitor RAR in the specific SS which is configured with recoverySearchSpaceId. After receiving the corresponding RAR, the BFR procedure will be completed.
Unlike Uu, in NR sidelink, periodic CSI-RS transmission has not been supported, meanwhile, there is no concept of CORESET in sidelink, so the definition of BFR-RS in NR Uu cannot be reused in sidelink.
Observation 3: RAN1 needs to support periodic SL CSI-RS first when defining the BFR-RS for sidelink.
[bookmark: _Hlk126857499]Furthermore, when designing BFR procedure for sidelink, some issues existing in initial beam-pairing and beam maintenance may recur, e.g., how to determine the resource for the transmission of  , how to achieve beam failure recovery when a Rx UE is involved in multiple unicast session. Therefore, in summary, we propose to deprioritize the discussion on BFR procedure for sidelink in Rel-18 or at least postpone the discussion until more outcomes have been reached for initial beam-pairing and beam maintenance.
Observation 4: When designing BFR procedure for sidelink, some issues existing in initial beam-pairing and beam maintenance may recur.
Proposal 7: The discussion on BFR procedure should be deprioritized in Rel-18 or at least postponed until more outcomes have been reached for initial beam-pairing and beam maintenance.
[bookmark: _Ref31533076]Conclusions
In this contribution, we have shared our views on the channel access mechanism in SL-U, the following observations and proposals are provided:
Observation 1: The initial beam-pairing scheme in NR Uu cannot be reused for sidelink because there is no concept of “cell” in sidelink and RACH procedure is not needed.
Observation 2: The TCI-state of PSSCH and the corresponding PSCCH cannot be different in sidelink because the gap b/w PSCCH and PSSCH will never be equal or larger than the threshold.
Observation 3: RAN1 needs to support periodic SL CSI-RS first when defining the BFR-RS for sidelink.
Observation 4: When designing BFR procedure for sidelink, some issues existing in initial beam-pairing and beam maintenance may recur.
Proposal 1: When RAN1 study beam management mechanism in FR2 licensed spectrum, coexistence b/w the transmission from Rel-18 UE with beamforming and the transmission from Rel-16/17 UE without beamforming should be considered.
Proposal 2: When RAN1 study beam management mechanism in FR2 licensed spectrum, coexistence b/w the unicast transmission with beamforming and the groupcast/broadcast transmission without beamforming should also be considered.
Proposal 3:	RAN1 should study the following two alternatives for sidelink initial beam-pairing:
· Alt 1: Sidelink initial beam-pairing is based on S-SSB transmission/reception;
· Alt 2: Sidelink initial beam-pairing is based on SL CSI-RS transmission/reception.
Proposal 4: RAN1 should study how to determines the associated resource of the selected S-SSB/SL CSI-RS, to transmit a response/confirmation message for initial beam-pairing.
Proposal 5: When RAN1 study beam management mechanism in FR2 licensed spectrum, the TCI-states of PSCCH and PSSCH should always be assumed as same. 
Proposal 6: When RAN1 study beam management mechanism in FR2 licensed spectrum, how to ensure the available transmission/reception b/w UEs among multiple pairs should be considered.
Proposal 7: The discussion on BFR procedure should be deprioritized in Rel-18 or at least postponed until more outcomes have been reached for initial beam-pairing and beam maintenance.
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