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1	Introduction
In the last RAN#98-e meeting, it was agreed that the SL operation in FR2 will be only a study item during Rel‑18 [1]. Moreover, the study is limited to the support of beam management in unicast communications as shown below:
	1. [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.



In this contribution, we discuss aspects that are important to enable the beam management procedure in SL FR2 for unicast communications.
2	Discussion
2.1 Initial assumptions and enhancements
In this section, we highlight some initial assumptions and modifications which are needed in order to design the beam management operation in NR SL FR2.
2.1.1	PHY structures for SL FR2
The first issue is to consider the different physical structures that might be needed in SL FR2. For FR2, the maximum transmission bandwidth configuration NRB for each UE channel bandwidth and subcarrier spacing is specified in Table 5.3.2-1 in TS 38.101-2.
Table 1: Table 5.3.2-1 Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	50 MHz
	100 MHz
	200 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N/A
	N/A
	N/A
	N/A

	120
	32
	66
	132
	264
	N/A
	N/A
	N/A

	4801
	N/A
	N/A
	N/A
	66
	124
	248
	N/A

	9601
	N/A
	N/A
	N/A
	33
	62
	124
	148

	Note 1: This SCS is optional in this release of the specification.


In Rel-16, the following sub-channel sizes were introduced: 10, 12, 15, 20, 25, 50, 75, 100, as shown in Table 2. Except for 10 and 12, the sizes are very inefficient for any of the allowed system BWs. For instance, when the number of subchannel equals to 1 with a size of 100 RBs, the transmission bandwidths corresponding to 132 RBs and 264 RBs are not utilized efficiently. 
Table 2: Subchannel size for NR SL FR2
	
	Subchannel size (RBs)

	NRB
	1 subch.
	2 subch.
	3 subch.
	4 subch.
	5 subch.

	32
	25
	15
	10
	N/A
	N/A

	66
	50
	25
	20
	15
	12

	132
	100
	50
	25
	25
	25

	264
	100
	100
	75
	50
	50


For an efficient utilization of the radio resources, we believe that the following sub-channel sizes should be defined:
· For SCS=120 kHz, sub-channels with 16, 32, 66, 132, and 264 RBs.
· For SCS=480 kHz and SCS=960 kHz, sub-channel seizes with 33, 62, 66, 124, 148.
[bookmark: _Toc127544668]The existing sub-channel sizes are not efficient for SL operation in FR2 spectrum
[bookmark: _Toc126782189][bookmark: _Toc126782220][bookmark: _Toc126782251][bookmark: _Toc126782282][bookmark: _Toc127544678]For SL operation in FR2, the following sub-channel sizes are supported: 16, 32, 33, 62, 66, 124, 132, 148, 248, 264.
2.1.2	Assumptions and considerations for NR SL FR2
It is important to remark the text included in the WID for this agenda. If possible, it is desirable to reuse as much as possible the framework and concepts from NR Uu. Moreover, the work on NR SL FR2 for beam management is limited to unicast transmissions/connections.
[bookmark: _Toc127544669]As indicated per WID, the main focus of this item shall be to reuse for NR SL FR2 the beam management framework from NR Uu as much as possible and limit the work to unicast transmissions.
Another aspect to consider is that, since the beam management framework for NR SL FR2 is limited to unicast communications, it is reasonable to consider that a connection has been established between the TX and the RX UE. 

[bookmark: _Toc127544679]RAN1 prioritizes studying beam management procedure for a pair of UEs after the unicast connection has been established.
Additionally, for the work in NR SL FR2 it is worth mentioning that for the case of beam management both TX and RX side of the beams are more dynamic than in the NR Uu context, i.e., it is important to note that in NR Uu the base station position is static while in the case of SL both the RX UE and the TX UE might be moving and rotating. This might have an impact on the accuracy and refresh rate of the signalling for SL FR2 beam management procedure.

[bookmark: _Toc126782287][bookmark: _Toc127544670]When designing the beam management procedures, RAN1 needs to consider in SL a scenario that TX and RX are highly moving.
2.2 Beam management in NR Uu
First, we provide a brief overview of the different steps involved in the beam management process that facilitate the establishment and maintenance of suitable beams for transmission and reception in NR Uu. Specifically, this allows to maintain optimal beam directions for the downlink transmission, i.e., PDxCH and for the uplink transmission, i.e., PUxCH. The process of beam acquisition and refinement is organized into three steps, commonly denoted as P1, P2 and P3, which are illustrated in Figure 1.
[image: ]
Figure 1: Example of beam refinement from wide to narrow beams using the NR Uu framework
P1 step corresponds to initial beam selection before RRC connection establishment. In this step, the network (or gNB) infers which SSB beam was chosen by the UE based on the transmitted random-access preamble (Msg1) on the RACH resources indicated by the selected SS/PBCH block, without any explicit signalling about which beam to use for RX and TX. It is worth to mention that the SSB transmission also serves as the first step of the connection establishment during initial access by providing time and frequency synchronization between the gNB and UE. 
[bookmark: _Toc127544671]The initial beam establishment procedure in NR Uu relies on the transmission of SSB to infer the wide beam.
Consequently, in P2, gNB leverages this SS/PBCH block beam as an indication of which narrow CSI-RS beams to try for the sake of beam refinement. Once CSI-RS is transmitted, the UE measures the RSRP, and reports the result, including the CSI-RS resource indicator (CRI) to indicate the preferred CSI-RS resource, to the network. The network updates the serving beam for the UE according to the reports from the UE, and possibly also modifies the candidate set of CSI-RS beams, subject to whether the CSI-RSRP is better for the new beam than the existing one. The network may also instruct the UE to do the measurements on the SSB to update the beam. Following this gNB TX beam refinement, the UE (RX) beam refinement is done in P3 step in connected mode. Once in connected mode, the UE is configured with a set of reference signals. 

[bookmark: _Toc127544672]The beam establishment and refinement procedure in NR Uu is based on the transmission of CSI-RS signals and the feedback of CSI report.
Based on the measurements on a set of reference signals, the UE determines which RX beam is suitable to receive each reference signal in the set. The network then indicates which reference signals are associated with the beam that will be used to transmit PDCCH/PDSCH, and the UE uses this information to adjust its RX beam when receiving PDCCH/PDSCH. PDCCH and PDSCH beams can be identical – if not, additional signalling is needed. When the network has updated its serving TX beam for the UE, the UE may need to update its RX beam. To accomplish this, the network repeatedly transmits CSI-RS on the new serving TX beam while the UE varies its RX beam. The UE can then select the best RX beam and associate it with the measured reference signal. 
[bookmark: _Toc127544673]The optimal beam during the beam establishment/refinement in NR Uu is based on the RSRP measurements obtained by leveraging the CSI-RS framework.
There exists also beam recovery procedure which is triggered after the monitored radio links are detected to be poor quality for all the configured reference signals for a certain time. During this process, the UE initiates realignment of the beams through a random-access procedure. The quality measurements can either be made on specifically configured reference signals or on the ones that have been activated for other purposes. If the UE is not able to perform successful beam recovery, it may in the end declare radio link failure.  
To create the full procedure covering different steps of beam management for NR sidelink, including initial beam-pairing, beam maintenance, and beam failure recovery, etc., RAN1 shall aim to mimic the existing beam management procedure in NR Uu and reusing as much as possible the existing NR sidelink.
2.3 Limitations of the current NR SL framework for FR2 beam management
Based on the procedure defined in the previous section and potential reuse of the existing signalling in NR SL, it is important to identify the differences and limitations that exist in NR SL when compared to the framework in NR Uu.
In NR Uu, the signaling used for conveying synchronization signals and basic system information (SSB) is used for the initial beam establishment. Moreover, it is clear that the transmitter of SSB is always the gNB, whose identity (physical cell ID) can be inferred by the UE after processing the SSB. In contrast, in NR SL the S-SSB does not include any information that may be used to identify the transmitter of the S-SSB. Given also that the transmission of S-SSB does not trigger a response in SL like PRACH in UL, it cannot be directly used for beam establishment.
[bookmark: _Toc127544674]The current synchronization signalling block in SL (S-SSB) does not include information about the beam used or information that can be used to identify the transmitting UE.
Therefore, to enable beam management in SL FR2, it is important to consider the shortcomings of the current S-SSB.
[bookmark: _Toc127544680]RAN1 to consider potential enhancements to the S-SSB to be suitable for beam management procedures.
Moreover, in the current NR SL framework there are no other signals (apart from S-SSB) which appear periodically which is arguably a requirement that needs to be fulfilled in order to use such signalling for the beam management procedure.
[bookmark: _Toc127544675]In current NR SL framework only S-SSB transmissions are periodic.
The second issue to consider is the current CSI-RS framework in NR SL and its comparison with the CSI-RS framework in NR Uu. In NR SL, the SL CSI-RS is an aperiodic transmission that is associated with the PSCCH/PSSCH transmission (as indicated in SCI-2), i.e., it is a non-standalone transmission. 
[bookmark: _Toc127544676]In current NR SL framework, CSI-RS is aperiodic and non-standalone.
Based on this, it is important to consider whether reusing the current framework is enough for a proper beam management procedure or some enhancements are needed.

[bookmark: _Toc127544681]Consider enhancements to the legacy CSI framework of NR SL to facilitate beam management and refinement after initial beam establishment in NR SL FR2.
2.4 Proposed solutions for beam management in NR SL FR2
2.4.1	Beam management procedure in NR SL FR2
To address the shortcomings of the current NR SL framework when used for beam establishment and management (as indicated in Section 2.3), we discuss three alternatives:
2.4.1.1	Initial beam establishment based on enhanced S-SSB signalling
The first solution utilizes sidelink synchronization framework to perform initial beam pairing. Specifically, UEs exchange information in order to align the potential beams to be used for beam management, including mapping between beams and associated signaling. To facilitate this, the synchronization signal, i.e., S-SSB, needs to carry the information to identify the transmitter UE and the beam used while transmitting. For the case of the S-SSB for initial beam pairing procedure, the IDs included in the S-SSB are different from the ones used for synchronization purpose in order to differentiate them. Moreover, the beam information is included in each of the S-SSB transmissions. An example of this scenario is given in the following figure: 
[image: ]
Figure 2: S-SSB framework for initial beam pairing
To avoid collisions with the already defined S-SSB transmissions, i.e., for synchronization purpose, the newly defined S-SSBs, i.e., for initial beam pairing operation, are transmitted in dedicated resources which are not intended for synchronization signals as shown in Figure 2 above.
The main advantages of the solution based on enhanced S-SSB signalling:
· Enables initial beam establishment using synchronization signals similar to NR Uu counterpart, which is one of the baseline considerations as described in the WID text for SL FR2.
· The signaling used for beam management is periodic, i.e., based on the synchronization signaling, which allows for a better management and refinement of the beam due to the timely information received by the UEs.

[bookmark: _Toc127544682]RAN1 to consider studying the initial beam establishment by means of synchronization signals carrying additional information, e.g., transmitter ID and beam details, including dedicated resources for these transmissions.
2.4.1.2	Beam management procedure based on PSFCH transmissions
The second solution is to enable the initial beam establishment (P1) procedure of NR Uu by means of creating a mapping between PSFCH resources/PRBs and beams. Specifically, the TX UE transmits to the RX UE in an already established unicast link where each transmission includes a mapping between a beam and an associated HARQ feedback (FB) resource. The TX UE performs several transmissions targeting the RX UE where each transmission might use a different beam. Based on the received PSFCH resource and based on the received signal quality, the RX UE can decide the best beam for the unicast connection with the TX UE. An example of this procedure is given in the following figure:
[image: ]
Figure 3: Procedure for beam selection using PSFCH transmissions associated to PSSCH/PSCCH using 3 beams.
In this example, each PSCCH/PSSCH transmission from TX UE is associated with a separate PSFCH occasion. Hence each of the PSFCH occasions is associated with a specific beam used for the PSSCH/PSCCH transmission. In addition to the initial wide beam establishment as shown in Figure 3, it is also possible to extend the use of the PSFCH framework for the further beam refinement procedures by using the narrow beams in the mapping. Therefore, PSFCH transmissions can be used for the whole beam management procedure in NR SL FR2.
Our proposed scheme is based on using SL HARQ FB as an indication of the quality of the beam used for the corresponding data transmission. Based on the outcome of the HARQ feedback detection, the RX UE performs the following operation:
· The RX UE sends ACK if RX UE decodes both the SCI and the data in the PSSCH.
· RX UE sends NACK if RX UE decodes the SCI and fails to decode the data in the PSSCH.
· RX UE does not send feedback to TX UE if RX UE does not decode an SCI from TX UE.
Therefore, if the TX UE receives ACK feedback from RX UE, TX UE can deduce that the beam used for the data transmission to be good enough for further transmissions to RX UE (since RX UE could decode the transmission). On the other hand, receiving a NACK may mean the beam is not very suitable, and not receiving any HARQ feedback from RX UE may mean the corresponding beam is not suitable at all for communication with RX UE.
[bookmark: _Toc127544683]For SL operation in FR2, mapping between PSFCH resources and beams is used for beam establishment and beam refinement. 
[bookmark: _Toc127461811][bookmark: _Toc127462415][bookmark: _Toc127544684]Based on the outcome of the HARQ feedback detection by the RX UE, i.e., ACK, NACK, or absence of HARQ feedback, the TX UE decides the best beam to be used for further transmissions to the RX UE.
The main advantages of the solution based on PSFCH transmissions:
· Facilitates beam management for sidelink without introducing new physical channels or signals. 
· Thanks to the deterministic and periodic occurrence of the HARQ feedback resources, latency involved in beam management process (e.g., beam pairing, beam refinement) is upper bounded. 

2.4.1.3	Beam management procedure based on CSI-RS
The third solution is based on CSI-RS and leverages the initial unicast connection establishment between the TX UE and the RX UE. First, the TX UE transmits CSI-RSs in different beams, which are utilized at the RX UE for estimating CSI. Next, the RX UE reports SL-CSI including CRI and RSRP to the TX UE. Based on this reporting, the TX UE selects the best beam to be used for subsequent transmission to the RX UE. 

[bookmark: _Toc127544685]RAN1 to study the initial beam establishment by utilizing CSI-RS framework.
The main advantage of this solution is that it avoids the subsequent steps that goes from the initial wide beams, and it establishes already a narrow beam to be used between the TX UE and the RX UE. However, this also induces additional latency compared to previous solutions and it is also important to consider as indicated in Proposal 3 that the mobility in the SL link is higher than in the Uu link. Therefore, in our view, it is better to first establish an initial beam based on wide beams (similar to P1) and after that refine the beam by means of CSI-RS. 
Following the NR Uu framework, after initial beam establishment using any of the potential highlighted solutions in previous sections, the next step is to further refine the beam to be used in the unicast transmission. In our view, once the initial beam has been established, it is feasible to use the CSI-RS framework to further enhance/refine the beam to be used by the TX and RX UE. This procedure is aligned with the NR Uu framework and makes use of the NR SL legacy signalling.
[bookmark: _Toc127544686]For SL operation in FR2, the SL CSI-RS framework is used for beam refinement procedures (P2 and P3).
However, there are many issues with the current NR SL CSI-RS framework if it is selected to be used for beam refinement and recovery. Some of these issues are highlighted in the next section.
Additionally, one of the remaining operations for beam management is related to the beam recovery procedure. In our view, signaling framework facilitating this procedure by leveraging the CSI-RS framework is to be discussed in RAN2 without any further involvement from RAN1 in this operation.
[bookmark: _Toc127544687]RAN1 expects RAN2 to lead the study on beam recovery.
2.4.2	CSI-RS
In the current NR SL framework, the CSI-RS signalling is included together with data and control signalling, i.e., it is transmitted together with PSCCH/PSSCH. Moreover, the occurrence of CSI-RS and the subsequent reporting by the RX UE is subject to appearance of an indication within the PSSCH transmission and makes complicated to have a reliable reporting of the current CSI. Based on these characteristics, in current NR SL framework the SL CSI framework is not suitable for beam management procedures.
[bookmark: _Toc127544677]The current NR SL CSI framework is not suitable for beam management.
Moreover, the current NR CSI framework is limited to aperiodic transmission which is a quite limited framework compared to the possibilities in NR Uu where aperiodic, semi-persistent and periodic reporting of the CSI is possible.

[bookmark: _Toc127544688]RAN1 to study enhancements to CSI-RS reporting/indication by using periodic, semi-persistent and/or aperiodic transmissions.
The last aspect to consider as indicated at the beginning of the section is the indication of the CSI-RS and reporting always with other data transmission following the current framework. In our view, this might limit the possibilities and functionality of the NR SL FR2 framework if the same procedure is reused. Therefore, we propose to study the possibility of having standalone CSI-RS signalling for the purpose of beam management in NR SL FR2.

[bookmark: _Toc127544689]RAN1 to study the use of standalone CSI-RS signalling for beam management in NR SL for FR2.
Conclusion
In the previous sections we made the following observations: 
Observation 1	The existing sub-channel sizes are not efficient for SL operation in FR2 spectrum
Observation 2	As indicated per WID, the main focus of this item shall be to reuse for NR SL FR2 the beam management framework from NR Uu as much as possible and limit the work to unicast transmissions.
Observation 3	When designing the beam management procedures, RAN1 needs to consider in SL a scenario that TX and RX are highly moving.
Observation 4	The initial beam establishment procedure in NR Uu relies on the transmission of SSB to infer the wide beam.
Observation 5	The beam establishment and refinement procedure in NR Uu is based on the transmission of CSI-RS signals and the feedback of CSI report.
Observation 6	The optimal beam during the beam establishment/refinement in NR Uu is based on the RSRP measurements obtained by leveraging the CSI-RS framework.
Observation 7	The current synchronization signalling block in SL (S-SSB) does not include information about the beam used or information that can be used to identify the transmitting UE.
Observation 8	In current NR SL framework only S-SSB transmissions are periodic.
Observation 9	In current NR SL framework, CSI-RS is aperiodic and non-standalone.
Observation 10	The current NR SL CSI framework is not suitable for beam management.
Based on the discussion in the previous sections we propose the following:
Proposal 1	For SL operation in FR2, the following sub-channel sizes are supported: 16, 32, 33, 62, 66, 124, 132, 148, 248, 264.
Proposal 2	RAN1 prioritizes studying beam management procedure for a pair of UEs after the unicast connection has been established.
Proposal 3	RAN1 to consider potential enhancements to the S-SSB to be suitable for beam management procedures.
Proposal 4	Consider enhancements to the legacy CSI framework of NR SL to facilitate beam management and refinement after initial beam establishment in NR SL FR2.
Proposal 5	RAN1 to consider studying the initial beam establishment by means of synchronization signals carrying additional information, e.g., transmitter ID and beam details, including dedicated resources for these transmissions.
Proposal 6	For SL operation in FR2, mapping between PSFCH resources and beams is used for beam establishment and beam refinement.
Proposal 7	Based on the outcome of the HARQ feedback detection by the RX UE, i.e., ACK, NACK, or absence of HARQ feedback, the TX UE decides the best beam to be used for further transmissions to the RX UE.
Proposal 8	RAN1 to study the initial beam establishment by utilizing CSI-RS framework.
Proposal 9	For SL operation in FR2, the SL CSI-RS framework is used for beam refinement procedures (P2 and P3).
Proposal 10	RAN1 expects RAN2 to lead the study on beam recovery.
Proposal 11	RAN1 to study enhancements to CSI-RS reporting/indication by using periodic, semi-persistent and/or aperiodic transmissions.
Proposal 12	RAN1 to study the use of standalone CSI-RS signalling for beam management in NR SL for FR2.
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref115167186][bookmark: _Ref174151459][bookmark: _Ref189809556]RP-222806, WID revision: NR sidelink evolution, OPPO, RAN#98-e, December 2022
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